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INTRODUCTION
Dear colleagues,
Welcome to the 7th edition of the International Conference on Cartography and GIS in Bulgaria. The Conference is
organized under the patronage of the President of the National Assembly of Bulgaria Mrs. Tsveta Karayancheva and
during Bulgarian Presidency of the Council of the EU, 2018. The previous events took place in Borovets (2006, 2008),
Nessebar (2010), Albena (2012, 2016) and Varna-Riviera (2014). The conference is organized by Bulgarian
Cartographic Association and University of Architecture, Civil Engineering and Geodesy (UACEG) in Sofia. Coorganizers are Military Geographic Service and Bulgarian Red Cross. The event is organized with the support of the
Bulgarian Science Fund and in cooperation with Sozopol Municipality, Bulgaria. This year, 2018, the ancient seaside
town Sozopol will welcome the participants from 18 to 23 June for the first time of the Conference’s history. The
organizers’ aim is to collect knowledge and information about the latest achievements of cartography combined with
GIS with special accents for the region of the Balkan Peninsula, Europe and global aspects. Another goal is to discover
and offer decisions for satisfaction of the ever increasing demands for analyses, handling and visualization of geospatial data in the area of science, economy, management, ecology, early warning and crises situations in smart ways
coming in modern times at a national, regional and global scale.
The main topics of the conference and the Proceedings are:
•

GIS Technologies and Related Disciplines

•

Web Cartography and Digital Atlases

•

Digital Earth for Smart Solutions

•

3D Cartographic Modeling

•

Virtual Geographic Environment

•

Map Design and Production

•

Cartographic Visualization

•

GIS for Geology, Natural Sciences and Ecosystems

•

Cartography and GIS in Education

•

Geodetic Coordinate Systems and Map Projections

•

Geoinformation for Smart Cities

•

Geo-Spatial Analysis and Data Mining

•

Geospatial Data Acquisition by Remote Sensing Technologies for Cartographic Purposes

•

UAV Applications and New Trends

•

Seminar on Early Warning & Disaster Management

In these years, marked by social and natural crises, these topics allow us to outline the hunger of our users for
cartography achievements. They also show the need of businessmen, government representatives and scientists for real
time cartographic representations and better SDI, GPS and GIS solutions. To deliver them, we need support and
cooperation of domain specialists in different branches of the Earth sciences.
During the conference, three ICA commissions on:
•

Cartography and Children,

•

Cartography on Early Warning and Crises Management, and

•

Map Projection

will have their annual meetings.
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Two-day Seminar with EU Cooperation on Early Warning and Disaster / Crises Management is organized by Prof. Dr.
Milan Konečný, Chair of Commission on Cartography on Early Warning and Crises Management and ICA President
(former) under the auspices of the Czech ambassador to Bulgaria His Excellency Mr. Dušan Štrauch and with coorganizer Faculty of Science, Masaryk University, Brno, Czech Republic.
Special Session Digital Earth for Smart Solutions is organized and supported by International Society for Digital Earth.
Free training course “Research and User Support: Exploiting Copernicus satellite data within a cloud computing
environment for GIS and cartographic applications” will be organized for young scientists by Serco.
The conference is supported by different ministries and government institutions that expect significant results to be
achieved and many new projects to be started during the event. As NATO member since 2004, EU member since 2007
and President of the Council of the EU in the moment, Bulgaria welcomes all ideas for collaboration in the field of
Earth sciences. An example for such cooperation is the above-mentioned Seminar that has acquired EU dimension built
around the Bulgarian and Czech combined efforts. Among the members of the Local Organizing Committee, numerous
universities that specialize in the field of Cartography and GIS can be distinguished. The organizers are proud to
announce that the following leader companies in geoinformatics and cartography domains participate as sponsors of the
event: ASSECO (Platinum), ESRI (Gold), CartGeo, Geopan and DataMap.
Our media partners are GIS Professional, GeoConnection, Geomedia-Bulgaria, Coordinates, Remote Sensing Journal,
and International Journal of Geo-Information.

World-famous scientists are invited to present keynote speeches:
Prof. Lynn Usery / ICA Vice-President / USA
“Cartographic Evolution: From Hand-Drawn Graphics to Ubiquitous Web Cartography and Maps
as Knowledge Bases”

Prof. Huadong Guo, President, ISDE / China
“DBAR: Digital Belt and Road Science Program for Global Sustainable Development”

Prof. Wolfgang Kainz, University of Vienna, Austria
“Cartography and the Others – Aspects of a Complicated Relationship”

Filip Kaderabek. ASSECO Central Europe / Czech Republic
“Cartography 4.0: Geodata as a Digital Twin for Intelligent Infrastructure”

Nick Land, ESRI Europe / United Kingdom
“The Science of Where”
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The main international organizer is the International Cartographic Association (ICA) with the exclusive supports of
the Secretary General of ICA Prof. Laszlo Zentai, Vice-President Lynn Usery, Past-President Prof. Georg Gartner
and many chairs of ICA commissions. This cooperation arouses interest among 200 participants from 40 countries.

I would like to wish all colleagues successful work, inspiring discussions about present issues and many new
opportunities for improvement and collaboration in the near future.

Prof. Dr. Temenoujka Bandrova,
President of Organizing Committee

14

Proceedings, 7th International Conference on Cartography and GIS, 18-23 June 2018, Sozopol, Bulgaria
ISSN: 1314-0604, Eds: Bandrova T., Konečný M.

7th International Conference on Cartography & GIS

PROCEEDINGS
VOLUME 1

15

Proceedings, 7th International Conference on Cartography and GIS, 18-23 June 2018, Sozopol, Bulgaria
ISSN: 1314-0604, Eds: Bandrova T., Konečný M.

UTILITY OF OLD POLISH CITY MAPS AND OLD LAND USE
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Abstract
In the research reported here, the authors analysed and synthesised the possibilities and limitations of use of
information from old Polish land use and city maps containing detailed land use information of 1594 – 1939 period
for historical land use/land cover surveys, as well as detection of long-term land use/land cover changes. Authors
employed also the results of previous research on potential use of the ancient topographic maps for historical land use
surveys. The results of analyses allowed to propose the concept of metadata tool for spatiotemporal analyses of
detailed land use and land cover changes in Poland in 1606-1939 period. It takes into consideration the information
about the coverage, temporal relevance and thematic scope of analysed maps and its relevance with CORINE Land
Cover level 6, 5 and 4, Polish national topographic database (BDOT10K), functional classifications and Polish ELU
monitoring proposed by IGiK.
Keywords: Detailed historical land cover / land use, Old city maps, Old land use maps, Existing Land Use Monitoring,
Spatiotemporal analysis, Metadata

1.

INTRODUCTION

During last years in many EU countries the growing interest in land use monitoring of the level of details corresponding to
the Urban Atlas or CORINE Land Cover level 6 was observed. This kind of information is very useful for detailed
spatial analyses of multifunctional urbanized and/or industrialized areas i.e. for spatial planning (Drzewiecki 2017;
Klapa, Mitka 2017; Smaczyński, Medyńska-Gulij 2017) and for detection of areas of environmental problems resulting
of economic activities with aid of cartographic animations (Dukaczewski 2016a). The advent of new, very high resolution satellite data, lidar and UAV multispectral data together with new possibilities of analyses allow to achieve rich, upto-date spatial information on ELU - Existing Land Use. However, it should be emphasized that in the case of areas of
complex functions and relatively fragile ecosystems the knowledge on long term processes and land use changes is also
necessary. Many research have proved that old land use maps (or maps containing rich land use information) are very
useful data source for evaluation of the long-time trends and help explain the reasons of recent environmental processes
(i.e. employing spatiotemporal analyses, advanced cartographic animations). These maps were objects of many
scientific studies and were described in many publications. The problem is that due to the dispersion and different
(sometimes narrow) scope of these publications, it is very difficult to employ them directly as a reference for evaluation
of old maps for multitemporal detailed land use survey. This implies the need for (ISPIRE comply) dedicated metadata,
including information about the thematic scope of old maps and it’s relation with CORINE Land Cover level 6, 5 and 4
legend, thematic scope of national topographic database, land use functional classification, as well as thematic scope of
ELU monitoring.

2.

OBJECTIVES, APPROACH AND METHODS

The first aim of this research was to analyse and to synthesize the possibilities and limitations of use of information
from old Polish land use and city maps containing detailed land use information of pre- 1939 period for historical
land
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use/land cover surveys, as well as detection of long-term land use/land cover changes. To achieve this goal it was necessary to carry out the archival research and to identify the useful maps. The next step was an analysis of the thematic
scope of these maps and its comparison it with CORINE Land Cover level 4 Smolenice legend and CORINE Land
Cover level 5 and 6 nomenclature proposed by IGiK (Dukaczewski 2016b) 1. The three levels of CLC legend were proposed as state, regional and local level of ELU database respectively. It was also necessary to compare the thematic
scope of old maps with scope of the national topographic database (BDOT10K), as well as HILUCS (The Hierarchical
INSPIRE Land Use Classification System) functional nomenclature. The similar analysis was carried out in the case of
old topographic maps. The second aim of research was to propose the metadata database of analysed maps conformed
with Data Specification on Land Cover Technical Guidelines (2013). This database included information on provisional
identifier, map extent, name, nomenclature documentation, URL, livespan and temporal validity, as well as CLC level
4, 5 and 6 nomenclature codes (corresponding to the thematic scope of analysed maps). Carried works allowed to propose also the concept of the metadata tool for identification of data sources useful for spatiotemporal analyses of detailed land use and land cover changes.

3.

RESULTS

The archival research carried out by authors have demonstrated that the first detailed maps portraying land cover and
land use appeared in Poland at XV and XVI century. In the case of 1594 – 1939 period it was possible to identify the
1950 city maps and local extent cartographic documents, which can be employed like data source on old land use. In
April 2018 941 of these documents were available in digital form. The thematic scope of land use information available
in the case of topographic maps published in 1732 – 1939 period was described by Dukaczewski (2001). Employing
like criterion the genesis and purposes of analyzed maps it was possible to distinguish 13 groups. The first (small) group
are the oldest preserved Polish maps portraying land cover and land use which were prepared for the foundation of new
towns, towns expansion or new investments (like in the case of map of Cracow by G. Alabiano of 1594), as well as
surveying and mapping documents of the Crown properties, resulting of agrarian and urban reform and ‘enforcement of
the law policy’ like in the case of map of Ujazdów of 1606 (fig. 1) or Łomża (1619).

Figure 1. Il sito della villa di Jasdovia (Ujazdów), ca. 1: 800, elaborated by Alessandro Albertini (1606)
The number of CLC classes which can be identified in the case of this group of maps varied between 8 – 24 (CLC level
4), 14 – 32 (CLC level 5) and 18 – 40 (CLC level 6). The number of HILUCS classes oscillated between 8 and 27,
while in the case of Urban Atlas from 6 till 12, and from 10 till 52 in the case of BDOT10K. 2.
The second group contains detailed city plans of the second half of XVI and first half of XVII century. In this period the
need for detailed spatial information resulted in relatively big increase of number of city land use maps in royal map
1

Proposed CLC level 5 and 6 nomenclature is available at: http://www.igik.edu.pl/upload/File/drdd/_2016_CORINE_5_6.pdf
2
The maximal (recent) number of land use classes is 106 in the case of CLC level 4, 189 (CLC level 5), 522 (CLC level
6), 203 (BDOT10 K), 20 (Urban Atlas). The number of functional classes of HILUCS is 64.
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collections (specially in collections of kings: Zygmunt III Waza and Władysław IV). They were used as inventory documents, useful tool for urban planning, as well as main source material for topographic surveys. It was the case of
1: 7500 scale map o Warsaw of I. Hoppe (1641). Big part of these maps (1034 items mentionned in Ehrensvärd (2008))
was stolen during 1655 – 1660 war and is now available in Sweden, like plans of Tczew (1634), Grudziądz (1635),
Malbork (1635) Gniew (1635), Nowe (1634), Puck (1634) by F. Getkant or anonymous maps of Brodnica (1626),
Elbląg (1629), Gdańsk (1629), Gniew (1626), Gorzów Wielkopolski (1631), Pułtusk (1634) and Malbork (1626). During the same war Swedish cartographer E.J. Dahlbergh has made the detailed maps of Golub, Nowe Miasto Lubawskie,
Ujazd, Elbląg, Gniew, Brodnica, Sandomierz, Gniezno, Nowy Dwór Mazowiecki, Gdańsk, Warszawa, Brześć
Kujawski, Pińczów, Piotrków Trybunalski, Złotów and Malbork, published in Dahlbergh and Putendorf (1655). The
number of CLC classes which can be identified in the case of this group of maps varied between 14 – 36 (CLC level 4),
17 – 47 (CLC level 5) and 18 – 52 (CLC level 6). The number of HILUCS classes varied between 7 and 24, while in the
case of Urban Atlas from 5 till 12, and from 14 till 68 in the case of BDOT10K.
The third group is represented by maps resulting from state policy of reconstruction and modernization of cities and
towns after Polish-Swedish War and Northern War. The Polish Parliament (Sejm) has set up so-called ‘Paving Boards’,
which were responsible for carrying out a detailed urban survey for urban planning and technical works. The first Paving Board was created in Warsaw in 1659. The detailed urban survey (including also land use and land cover mapping)
carried out in Warsaw in 1685, 1693 and 1700, resulted in many urban maps prepared i.e. by architect and military
engineer Tylman de Gameren. The number of CLC classes which can be identified in the case of this group of maps
varied between 8 – 24 (CLC level 4), 9 – 30 (CLC level 5) and 14 – 38 (CLC level 6). The number of HILUCS classes
varied between 8 and 20, while in the case of Urban Atlas from 7 till 12, and from 17 till 72 in the case of BDOT10K.
The fourth group is represented by maps resulting of detailed urban land use mapping, which was carried out in some
private towns (i.e. works of Józef Naronowicz, Teofil Spinowski), as well as in private or church properties in cities and
towns – i.e. 1: 1600 scale map of Ujazdów by Tylman de Gameren (1699), 1: 1680 and 1: 6 000 scale plans of Kraków
(1667, 1670) 3. Due to the reduced extent of these maps the number of CLC classes which can be identify in the case of
this group of maps varied between 4 – 12 (in the case of CLC level 4), 6 – 20 (CLC level 5) and 8 – 24 (CLC level 6).
The number of HILUCS classes varied between 4 and 19 while in the case of Urban Atlas from 6 till 11, and from 14
till 54 in the case of BDOT10K.
The fifth group includes the urban maps of the first half of XVIII century, which have become popular in Poland, as a
useful tool for reconstruction, evidence and to take the legal actions. This group is represented by 1: 3400 scale map of
Lublin by C.V. Örken (1716), 1: 1800 – 1: 3900 scale plan of Warsaw by C.F. Werneck (1732), 1: 14 000 scale map of
Warsaw by C.F. Hübner (1740), as well as anonymous 1: 7000 scale Saxonian plan of Cracow 1733/1734. The number
of CLC classes which can be identified varied between 10 – 26 (in the case of CLC level 4), 12 – 32 (CLC level 5) and
16 – 42 (CLC level 6). The number of HILUCS classes varied between 10 and 32, while in the case of Urban Atlas
from 10 till 12, and from 17 till 72 in the case of BDOT10K.
To the sixth group belongs the maps resulting of the works of the second ‘Paving Board’ (1740 – 1765), presided by
Great Field Marshal of Crown Franciszek Bieliński, as well as was the Boni Ordinis Commissions (established in
1765). One of the results of works of the ‘Paving Board’ was publication of 1: 1100 scale Plan of Warsaw by Pierre M.
Ricaud de Tirregaille of 1762. This map was the basis to elaborate 1: 6 750 Plan of Warsaw by Gotlob Jacob Marstaller
(Marstalski) in 1762 (fig. 2), as well as 1: 6900 scale Plan of Warsaw by Georges Luis Le Rouge in 1768. The goal of
the Boni Ordinis Commissions was to coordinate and carry out the field works by signing the contracts with certified
land surveyors. The survey of Warsaw carried out in 1770 - 1772 resulted in elaboration the 12-sheet 1: 8200 and
1: 2 100 scale Plan of Warsaw by Antoni Hiż and Hieronim Jędrzejowski (Delineacya Miasta Rezydencyonalnego Jego
K.Mci WARSZAWY..,1771). The growing need for detailed up-to-date information has resulted in creation of a new plan
of Warsaw in 1779 by Piotr Hannequin (Planta Miasta Warszawy z Przedmieściami / Plan Ichnographique de la Ville
de Varsovie..,1779). In 1783 the Plan of Kraków elaborated by J. Kromer, and Plan of Lublin by Jan Nepomucen Łęcki
were published, as a result of works of the local Boni Ordinis Commissions. During the second half of XVIII century in
few Polish cities the urban survey and mapping was animated by local initiatives. In Gdańsk, the main cartographic
animator was mayor of Old City J. E. Schmidt, author of two 1: 3 400 scale maps of Gdańsk (Schmidt 1780, 1792). The
detailed city plans were elaborated for Toruń (1769), Zamość (1774), as well as in Kraków (1785), where their publication was commissioned by rector of Academy of Cracow Hugo Kołłątaj. In the case this group the number of CLC
classes varied between 11 – 29 (CLC level 4), 14 – 32 (CLC level 5) and 16 – 38 (CLC level 6). The number of HILUCS classes varied between 14 and 39, while in the case of Urban Atlas from 11 till 15, and from 20 till 109 in the
case of BDOT10K.

3

probably by Mikołaj Brożek z Kurzelowa
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The seventh group consists of property maps and plans in XVIII century - for example 1: 2 500 scale plan of Bolimów
(1745) by Michał Nagrodzki, anonymous 1: 4900 scale plan of Łańcut (1750), plan of Latowicze (1782) by Józef
Żochowski, Nowy Dwór (1797) by Tymoteusz Nowicki, 1: 1270 scale map of Piotrków Trybunalski by Dominik
Merlini (1786) and map of Włocławek (1787) by Marcin Sitz. Due to the reduced extent of these maps in the case of
this group it was possible to identify 9 – 25 classes in the case of CLC level 4, 11 – 32 classes in the case of CLC level
5 and from 17 till 39 classes of CLC level 6. The number of HILUCS classes varied between 10 and 21, while in the
case of Urban Atlas from 8 till 12, and from 12 till 51 in the case of BDOT10K.

Figure 2. A part of Plan of Warsaw by Gotlob Jacob Marstaller (Marstalski) Plan de Ville de Varsovie dédié à S.M.
Auguste III, Roi de Pologne, Electeur de Saxe etc. Levé par ordre de S.E.M. Le Comte Bieliński, Grand marechal de la
Couronne, par M.P. Ricaud de Tirregaille, Lieutnant Colonel et Ingénieur au Service du Roi et de la République en
1762, ca. 1 : 6750, 1762,
The eight group of old Polish maps portraying land cover and land use is the result of intensive development of topographic mapping in the second part of XVIII century. Some topographic maps included supplementary sheets of topographic map series - i.e. Plan of Warsaw by A. Rizzi – Zannoni of 1772 (Plan de Varsovie, levé par ordre de Son Excellence Maréchal le Comté Bieliński,[...] par [...] Rizzi Zannoni, 1772, 1: 17 500). The topographic maps of Poland by
Józef Jabłonowski (1764), and Rizzi – Zannoni (1772), 1: 100 000 topographic maps of Prussia by Jan Władysław Suchodolec, 1: 225 000 maps of voivodeships of Poland by Charles Perthées, as well as 1: 170 000 Map of the Starosty of
Spisz by Franciszek F. Czaki included relatively rich land cover information. In the case this group the number of CLC
classes varied between 9 – 21 (CLC level 4), 12 – 28 (CLC level 5) and 14 – 31 (CLC level 6). The number of HILUCS
classes varied between 12 and 38, while in the case of Urban Atlas from 10 till 15, and from 32 till 88 in the case of
BDOT10K.
The organization of urban surveys was changed by Parliament law of 1791, dissolving the Marshal Office and Paving
Boards, and creating ‘Both Nations Police Commission’. According to the article VII of Economical Ordination of this
Commission (Ordynacja ekonomiczna dla Komisji Policji Obojga Narodów, 1792) the urban survey was coordinated by
Department of Order of Both Nations Police and carried out by certified geometers (members of Association of Architects and Geometers). This resulted in considerable stimulation of urban surveys, but the results were used by cartographers of Prussia, Austria and Russia. The partitions of Poland in 1772, 1793 and 1795 resulted in new cartographic
activities of so-called ‘regulation’ maps and plans (1772 – 1806) including also information about land use. The most
interested were maps of Poznań (1772), Dobrzyń nad Wisłą, Dobrzyń nad Drwęcą, Gostynin, Lipno, Rypin, Szadek,
Płock and Toruń (1793), Cracow (1794), Rawa Mazowiecka (1799), Wiskitki (1802) and Pułtusk (1803), as well as
1: 7 243 scale Plan of Warsaw (1796) by Gustav Johann Georg von Rauch. In the case of this group it was possible to
identify from 6 – 21 classes (CLC level 4), 10 – 33 (CLC level 5) till 16 - 36 classes of CLC level 6. The number of
HILUCS classes varied between 10 and 32, while in the case of Urban Atlas from 11 till 17, and from 29 till 80 in the
case of BDOT10K.
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Majority of city maps published during the period of Duchy of Warsaw (1807 – 1815) concerned the strategic sites like
Modlin, Serock, Sandomierz and Toruń. One of the most interesting city map was Plan of Warsaw (1808 – 1809) by
Joseph Bach (fig. 3). The thematic scope of these maps concerning land use and land cover was corresponding to 7 – 24
classes (CLC level 4), 14 – 36 (CLC level 5) till 18 - 39 classes of CLC level 6, while the number of HILUCS classes
varied between 14 and 48, while in the case of Urban Atlas from 14 till 17, and from 32 till 98 in the case of
BDOT10K.

Figure 5: A part of Plan of Warsaw by Joseph Bach (1808 – 1809)

Figure 3. Plan of Warsaw by Joseph Bach (1808 – 1809)
During the period of autonomous ‘Kingdom of Poland’ (1815 – 1830) 203 towns were surveyed and mapped in 1: 1 500
and 1: 5 000 scales, according to the common instructions of so called ‘City Commission of Commission of Internal
Affairs and Police (KRSW)‘. Unfortunately, majority of these ‘regulation plans’ was lost during 1944 Warsaw Uprising 4. In the same period the Corps of Crown Engineers and General Quartermaster’s Department of Polish Army have
prepared the 1: 126 000 scale Topographic Map of Kingdom of Poland, including rich information about the land cover.
Surveys and mapping of Warsaw carried out by Corps of Crown Engineers and General Quartermaster’s Department
resulted i.a. in a 1: 4 200 scale Plan of Warsaw (1818 – 1819) by Jan Chrzciciel Mallet (Malletski) and Józef Koriot
(fig. 4). The thematic scope of these maps concerning land use and land cover was corresponding to 8 – 24 classes
(CLC level 4), 10 – 38 (CLC level 5) till 12 - 42 classes of CLC level 6. The number of HILUCS classes varied between 10 and 32, while in the case of Urban Atlas from 11 till 17, and from 29 till 80 in the case of BDOT10K.
Dissolution of Corps of Crown Engineers and General Quartermaster’s Department of Polish Army and limitations of
activities of KRSW after fall of the November Uprising (1830 – 1831) resulted in limitation of publication of detailed
plans and maps containing rich information on land use and land cover in Kingdom of Poland. The former territory of
the Kingdom of Poland and Lithuania was surveyed and mapped in 1772 – 1918 by Prussian, Austrian and Russian
cartographers, and resulted works (i.e. three Austrian, Russian and Prussian topographic surveys) can be a very useful
source material for land cover changes analyses. The thematic scope of these maps was described by Dukaczewski
(2001). Aside from topographic surveying and mapping in 1831 – 1918 period the main source of land use and land
cover information about recent Poland were detailed regulation plans (in the case of so called ‘Kingdom of Poland’
made at the 1: 4200 scale), commercial city plans 5 and detailed land use maps for technical infrastructure planning (i.a.
map of Warsaw of 1878 – 1913 at 1: 250, 1: 2500 and 1: 4200 scale by William Lindley). Due to relatively reduced
thematic scope of some commercial city plans the number of CLC classes possible to identification is comprised between 6 till 25 (CLC level 4), 8 and 40 (CLC level 5) and 12 - 45 (CLC level 6). The number of HILUCS classes varied
between 14 and 48, while in the case of Urban Atlas from 15 till 18, and from 32 till 163 in the case of BDOT10K. In

4

In the case of this group it was possible to analyse the thematic scope of maps of Aleksandrów, Jadów, Konstantynów,
Ozorków, Tomaszów Mazowiecki, Zduńska Wola and Zgierz
5
278 identified items
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1916 Eugeniusz Romer has published in his Geographical-Statistical Atlas of Poland a map entitled "Land Use", but
this map was showing the percentage of arable lands and forest areas.

Figure 4. A part of Plan of Warsaw by Jan Chrzciciel Mallet (Malletski) and Józef Koriot (1818 - 1819)
In the interwar period (1918 – 1939) the numerous attempts at drawing up land use maps were made. For the most part
these were maps included within the text of articles, although sometimes they constituted separate attachments and
pertained more to small regions. Land use mapping was of a fragmentary and patchy nature, being performed for different areas on differing scales and following differing methods. The first attempt of presentation of the land use trends in
south – east Poland was carried out by Kubijowicz (1924), which has distinguished 7 classes (wastelands, forests,
meadows and pastures, areas of prevalence of meadows over the arable lands, areas of prevalence of arable lands over
the meadows and prevalence of meadows and pastures over the arable lands, areas of prevalence of arable lands over
the meadows and pastures, and areas with over 70 % of arable lands). In 1927 Z. Hołub-Pacewiczowa published
1: 75 000 scale Economical-Settlement Map of Pasturing in Tatra, taking into the consideration 7 land use classes. In
1931 Z. Hołub-Pacewiczowa elaborated Map of Land Use of Assets of Twardoszyn City in 1787 based on old ‘regulation’ plan. In 1930 E. Rühle (1930) published 1: 500 000 scale (Map of Land Use of Western Polesie, based on
1: 100 000 and 1: 200 000 topographic maps, statistical data and surveys. The legend of this map was limited to 5 land
use classes. In this period were published the early land use maps of Stanisław Leszczycki (1932, 1938). The first
1: 25 000 map The Landscape Plan [of Beskid Wyspowy] was based on cadastral maps and specialized survey. The
autor has distinguished 6 land use classes. In the case of second work - 1: 500 000 scale Map of Spatial Repartition of
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Farmlands in Podhale Region the author has taken into the consideration 7 land use classes. None of the maps cited
above distinguished water, built-up areas, industrial / mine areas, leading one to conclude that their authors were primarily interested in agricultural/forest space. The more detailed urban areas land use maps were made i.a. by Simche
(1930) and Malicki (1937). The thematic scope of E. Simche’s 1: 5 000 Landscape Plan of Tarnów included the rich
information on land use - 24 classes in total (fig. 5). A. Malicki (1937) published 1: 25 000 scale land use plans of small
cities of: Bełz, Busk, Gliniany, Dźwinogród, Uhrynów, Biały Kamień, Jaryczów Nowy, Kulików, Sokal. This project
provided 8 land use classes.

Figure 5: Landscape Plan of Tarnów (fragment) by E. Simche (1930).
The archival research allowed to identify 362 commercial city maps (206 of them were Polish) including information on
land use, published in this period. The thematic scope of these maps concerning land use and land cover was corresponding to 8 – 24 classes (CLC level 4), 10 – 38 (CLC level 5) till 12 - 42 classes of CLC level 6. The number of HILUCS classes varied between 24 and 60, while in the case of Urban Atlas from 16 till 19, and from 14 till 176 in the
case of BDOT10K.
Valuable data source on land use are also topographic maps at 1: 5000, 1: 25 000 and 1: 100 000 scale published by
Polish Wojskowy Instytut Geograficzny (WIG), as well as German Reichsamt für Landesaufnahme and Zweigstelle
Landesaufnahme Sachsen. The 1: 100 000 scale topographic maps of these period were employed in 1952 F. Uhorczak
and his team to elaborate the 1:1 000 000 scale General land use map of Poland (Ciołkosz, Bielecka 2005).
The analysis of thematic scope of maps and it‘s comparison with CLC level 4, 5 and 6, as well as Urban Atlas nomenclature, HILUCS classes and BDOT10K list of objects allowed to identify for each analyzed map the database codes of
corresponding land use / land cover forms. These codes were employed in proposed metadata.
According to the D2.8.II.2. Data Specification on Land Cover - Technical Guidelines in the case of vector data it is
necessary to describe with metadata the datasets and land cover units, while in the case of raster data the description is
limited to the datasets itself. Proposed record of vector datasets includes (according to the Technical Guidelines) the
information on: dataset extent, preliminary identifier 6, name, information on nomenclature documentation, URL, responsible party, as well as information on life cycle (lifespan and validity). The authors have proposed to add the information about the geographical names (recent and historical), year of survey, year of publication, scale of survey, scale
of publication, authors, ellipsoid and projection (if any), as well as related land use / land cover (and functional) codes
of CLC, Urban Atlas, HILUCS and BDOT10K. In the case of land cover unit (polygon) it was also necessary to add the
information on geometry, internal identifier, land cover observation, as well as voidable information on life cycle. Ac-

6

According to the order of Polish Ministry of Interior of 20 October 2010 the dataset identifier should include symbol
of the country (PL), code of the thematic group (ZIPIN) and ordinal number of dataset in State Metadata System
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cording to the D2.8.II.2. Data Specification on Land Cover in the case of raster data it is necessary to complete the
information on: dataset extent, (preliminary) identifier, name, information on nomenclature documentation, information
on life cycle (livespan and validity). The authors have proposed to add also the data on: geographical names (recent and
historical), URL, responsible party, year of survey, year of publication, scale of survey, scale of publication, authors,
resolution, the coordinate system, as well as related land use / land cover (or functional) codes of CLC, Urban Atlas,
HILUCS and BDOT10K. According to the order of Polish Ministry of Interior of 20 October 2010 this information is
supplemented in the state register of spatial datasets and services with data on: ordinal number of dataset in register,
date of application, dataset identifier, name and state identification number of submitting institution, dataset name,
thematic code (2.2 in the case of land use / land cover), spatial extent, legal information and available spatial data services.
Carried works allowed to propose the concept of the metadata tool for identification of data sources useful for spatiotemporal analyses of detailed land use and land cover changes. Due to the lack of harmonization of datasets of digital
versions of old maps and historical maps based on old maps proposed tool can have functionality limited to query,
based on metadata. The authors have proposed the query based on geographical names (recent or old), date and/or time
period, spatial extent (employing geographical coordinates of area corner or central point with adjustable buffer). The
results of query can be filtered with CLC, Urban Atlas, HILUCS and BDOT10K codes. The output information will
include the information on name of the map, URL, responsible party, year of survey, year of publication, scale of survey, scale of publication, authors, resolution and the coordinate system.

4.

CONCLUSION

The carried research has proved that number of old city map and local extent maps including the land use / land cover
information of 1594 – 1939 period, concerning the recent territory of Poland is very big. It should be stressed that they
are strongly dispersed, but the number of old maps available in digital form via Internet is growing rapidly, which
makes access and use easier and faster. The analysis of these maps has proved that its thematic scope concerning land
use and land cover is more rich (in number of CLC, Urban Atlas, HILUCS and BDOT10K classes) than it should
suggest its legends. This paradox arose due to the more detailed level of recent land use classes (which are more
complex and narrow in scope at the same time). The analysis and synthesis of old maps has proved that its thematic
scope, corresponding to the land use / land cover classes was growing not linear way. However, it is to underline that
number of classes was limited by historical factors in the case of technical infrastructure. The maximal number of
possible corresponding codes was growing in the case of BDOT10K from 107 in XVII century, 112 in XVIII century,
163 in XIX century till 180 in the first half of XX century. In the case of HILUCS the maximal number of possible
corresponding codes was varied from 32 in XVII century, 47 in XVIII century, 59 in XIX century till 60 in the first half
of XX century. In the case of Urban Atlas the similar numbers were: 12 in XVII century, 17 in XVIII century, 18 in
XIX century till 19 in the first half of XX century. This way the old city map and local extent maps can be employed
(together with old detailed topographic maps) like a very rich data source for detailed land use changes monitoring.
Authors have proposed the metadata database, respecting the Data Specification on Land Cover - Technical Guidelines
schema, taking into the consideration the additional metadata, useful for spatiotemporal query of land use / land cover
source data. Proposed metadata database as well as metadata query tool are adapted for usage of Polish CLC level 5 and
6, as well as national topographic database codes, but it should be stressed that it is possible to take also into the
consideration the codes employed in other CLC 5 and 6 national nomenclature and other national topographic databases.
This can allow to use the proposed conception of metadata database and metadata query tool also in other countries.
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Abstract
Text of Abstract: The development of geospatial big data presents an urgent challenge for the interactive visualization
of geographic data. By detecting hierarchical structure in geospatial data and approximate spatial query approaches,
we developed an approximate spatial query method based on vertex sequence division and time constraint. This
algorithm supports efficient querying through weighted breadth-first search (BFS) of trees, distributed in-memory
computing and vertex binary tree on large spatial database. We then propose four locally updating algorithms that can
achieve real-time generation and renewal of geographical element objects, including insert, delete, modify and tree
rebalance operation of binary tree. Finally, we conduct extensive experiments on OpenStreetMap data to evaluate the
proposed algorithms and data structures. Experiments show that our approximate spatial query and updating method
can improve the query efficiency of data visualization, and the visual effect don’t have much difference between
approximate spatial query and exact query.
Keywords: approximate spatial query, data updating, vertex hierarchical structure, interactive visualization

1 INTRODUCTION
As the data scale expanding and complicate, data volume is more and more big in visualization applications, the user
demand for interactive visualization is higher and higher, and the range of application is becoming more and more
widely. At the same time, visual application and service are increasingly demanding for computing and storage capacity
of computers. The heterogeneity and diversity of data are major problems for visualization (Kumar 2015). It is an
important challenge for large data visualization to support the selection of different display information and different
types of display modes.
Traditional visualization tools and methods can hardly meeting the need of interactive visualization of big data (Hoskins
2014). The emergence of computers and the development of computer graphics make interactive visualization possible,
cloud computing and advanced graphical interfaces contribute to the extensibility of big data (Sucharitha, Subash et al.
2014). Parallelization algorithms (Childs, Geveci et al. 2013, Kim, Ji et al. 2014) and data simplification algorithms
(Elmqvist and Fekete 2009, Sarma, Lee et al. 2012) also significantly promote the development of visualization.
However, direct visualization of large data sources may reduce the visual effect of data and hinder users' perception and
cognitive ability. Many researchers use feature extraction and geometric modeling to reduce data size before the
presentation of autual data. Several methods of interactive visualization through data reduction are discussed in Liu,
Jiang et al. 2013., including filter (Ahlberg and Shneiderman 1994, Lee, Podlaseck et al., 2001), sampling (Mihalisin,
Timlin et al., 1991, Sarma, Lee et al., 2012), polymerization (Carr, Littlefield et al., 1987, Nguyen and Huang, 2005)
and modeling.
According to the difference of technical implementation, approximate query methods are mainly divided into two
categories: online aggregation and sampling. Based on the statistical theory, query result of online aggregation is
calculated in real-time, and then are used to compute confidence intervals (Acharya,Gibbons et al. 2000, Wu, Ooi et al.
2010). J.Hellerstein used online aggregation to set up the user interface, and change the model of long time retrieval in
traditional database system. Based on the central limit theory and interval formula, Haas achieved single and multy
table query, such as AVG and COUNT query (Haas 1997). However, there are some limitations in this method, which
is that the effect of spatial database is not stable. The second method – sampling presets the sample set for a particular
query (Joshi and Jermaine 2009). According to the traditional sampling technique, Joshi proposed a stratified sampling
method to combine the layered and bayesian framework. X. Meng described the simple random sampling method, and
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extende it to stratified sampling, which can effectively reduce the size of intermediate output in MapReduce and greatly
improve load balance (Meng 2013). Gibbons compared simple sampling with counting sampling (Gibbons and Matias
1999), and put forward a fast incremental maintenance technology. However, the design can not be used for spatial
database because of the absence of ubstructure between elements. Surajif Chaudhuri analysed sampling theory, and
proposed the idea that pre-calculated Samples could bridging the extremes of online and offline (Chaudhuri, Das et al.
2007).
Spatial data compression and simplification are also common application requirements. In recent years, vehicle
trajectory simplification is a very representative example (Long, Wong et al. 2013, Long, Wong et al. 2014, Muckell,
Olsen et al. 2014, Lin, Ma et al. 2017). Most studies do not discuss two important issues in spatial database
applications: the large amount of data and data updates. Wang (Wang, Christensen et al. 2015) sampled data in the
spatial database toward aggregate query. The main idea is that introducing sampling from general database into the
spatial database, and then manage and organize these sampling data using relevant data structure. The main method is to
take 1/2 sample and then organize the sampling data with an extended R tree. Due to the continuous growth of the
spatial network data scale, the idea of using approximate calculation has produced a lot of results for network related
queries in recent years. Based on the specific loss function, road network data is simplified and the approximate
processing of related query is made based on the simplified network (Thorup and Zwick 2005, Tao, Sheng et al. 2011,
Tao, Hu et al. 2013). This method has a good effect in real-time performance and give quite enlightening in the research
of approximate spatial query and interactive visualization.
Spatial range query is the most basic spatial query, which is also called windowing query in two-dimensional case.
Spatial range query can be considered an extension of range queries in high-dimensional space. There are a lot of
possible scenarios in range query when query conditions have slightly changes, such as 3—sided range query. However,
these studies do not deal well with the size of query results. In this paper, we let window query as the research type.
Through vertex sequence division schema, hierarchical structure of geospatial data are built and organized. We then
propose a locally updating algorithm that can achieve real-time generation and renewal of geographical element objects
by approximate spatial querying.

2 METHODOLOGY
2.1 Vertex sequence division
Point, polyline and polygon elements are widely used to represent various geographical elements. In vector data set, the
line is composed of two endpoints and a series of vertices which can mark line’s shape, and the polygon consists of a
series of segments, these segments are connective, closed, disjointed. Therefore, in feature model, vertex is the smallest
unit, and line object is defined on basis of the vertex object, the polygon object is defined on the basis of the line object.
As a basic unit, vertex is an extremely important feature in feature model. In this paper, the approximate method is used
to subdivide the vertex sequence. The approximate of the line object is realized by vertex sampling, and the
approximate of the polygon object is realized by vertex sampling and line sampling.
The approximate process of a simple vertex sequence is summarized as follows. Given a polyline L j = {P0 , P1 , L, Pn } , The
0,1,  , n . All
line L j is not self - handed. If L j is a closed line, that is Pi ≠ Pj , i ≠ j and S P , P ∩ S P , P ∈ {Pk }, k =
i +1

i

j

j +1

vertices are only be passed once, and all adjacent vertices are composed of segments that have no internal intersections.
For the sake of simplicity, this paper takes the parameters k as 2 in the recursive subdivision. Through a certain vertex

selection strategy, L j is divided into two subsequences by vertex Pi , L = { P , P ,  , P } and L = { P , P ,  , P } .
0 ,1

0

1

i

1,1

i

i +1

n

Then repeat the above steps for each subline, until all the sublines only have two vertices.
In the above process, the inclusion relation of all vertex can be expressed directly by binary tree. The sequence of
vertices ilustrate that former vertices have higher significance. So when the whole process is over, a binary tree and
sequential importance are built simultaneously. Each tree node corresponds to an vertex Li , h , where i represents the
sequence number of the tree node in the same layer, h represents the distance from the root tree node, the height of the
node. In this binary tree, the leaf node represents a sequence of two adjacent vertices, and the intermediate node
represents the vertex sequence with length greater than 2. The tree node is associated with the weight of the
corresponding vertex sequence.
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Figure 1. Example of binary tree generation (a) recursive partitioning of vertices; (b)start and end points of each
subline; (c) tree generated for Figure 1(a)
Each tree represents the vertex sequence of a space object, which can form a line object or a component ring of the
surface object. For polygons with multiple islands or holes, all the trees formed by the inner and outer rings constitute
binary trees, and of all trees constitute the forest of the data set.

2.2 Approximate spatial query based on binary tree
After the establishment of the tree hierarchy of geometric vertices, the operation of geographical elements is
transformed into the operation of tree hierarchy. The approximation of the elements also translates into the sampling of
the vertices contained in the elements. In the progress of approximate spatial query, if the weight value associated with
the tree node is used as the sampling basis, then the approximate query is transformed into top k query problem.
Window approximate query can be reduced to a top k query problem in a certain range. The top k query based on tree
structure can be processed by using the weighted breadth-first search algorithm. The traversal of tree node is realized by
the weight descending order. Namely, tree nodes are selected according to the descending order of nodes‘ weights.
Because the minimum value is selected in the progress of traversal, vertices are stored in priority queue in order to
improve performance.
There are two types of approximate query conditions: time constraint query and error constraint query. Because of the
complex of query is O (log n + k ) , where n represents the number of vertices for the elements, k represents the
number of vertices of the query result. Therefore, the time of query processing is linearly dependent on the data volume
of the query result, and the time constraint can be converted into data volume constraint. In order to satisfy the time
constraint query condition, we select vertices gradualy and finish when the time is over.
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This paper ilustrates the process of approximate windowing query. We execute weighted breadth-first search algorithm
in binary trees, and then select vertices in a certain range. The approximate query process is summarized as follows.
Input：query range W = { xmin , ymin , xmax , ymax } , time threshold t
Output：polyline Li′
1.

Built a priority queue PQ and sampling set S p . Perform spatial operations on the root of the binary tree. If the
space scope of the vertex in the subtree intersects with the window W , then add this node to the priority queue
PQ ;

2.

If PQ is not null, select the node with the largest weight Pj from PQ and then add to the sampling set S p ;

3.

If Pj exist at W , add its child nodes to PQ ;

4.

If the algorithm executes in less than t , repeat step 2 to 3; else, go to step 5;

5.

The vertices of all the samples are arranged in sequence numbers and new line objects Li′ are dynamically
generated. Finaly, return the newly generated objects.

2.3 Update policy
The update of the hierarchical structure is the same as the query, which use the characteristics of data access in the
relational database to update and maintain the data. The main operations include the reading of subsequence, the update
of vertex weight, the deletion of old vertices and the addition of new vertices. Three types of update operations on
sequences have different update domains. There are different update costs between sequence insertion, sequence
deletion and sequence modification. Among them, sequence insertion is relatively simple, sequence deletion is more
complex. There are two steps involved in modification, including sequence deletion and sequence insertion.

2.3.1 Insert operation
Set the original sequence as ( P , P ,  , P ) , new sequence as (V , V ,  , V ) . If we insert a new sequence between the
0

1

n

0

m

1

vertices P and P in the original sequence, the update domain of the insert operation is ( P , P ) . Let's say that the
i

i +1

i

i +1

point P is a little bit further away from the root, we need to construct the new sequence ( P , V , V ,  , V , P ) as a
i +1

i

0

1

m

i +1

subtree first, then take this subtree as the left subtree of P . Before inserting the new subtree into the new location, the
i +1

weight for all parent nodes from the root of the original sequence need to be recomputed. If these weights are greater
than the original value, the weight associated with each tree node should be updated to the new value. Throughout the
update process, the computational complexity of transforming ( P , V , V ,  , V , P ) into tree structure is O ( m log m) .
i

0

1

m

i +1

The time complexity of the original tree nodes‘ weight is O ( m log m) . The input complexity is O ( m + log n ) . After the
insert operation, the balance of the tree is changed, and the unbalance of the tree directly affects the reading
performance of data. We set tree reconstruction threshold. In order to maintain the balance of the tree, after the insertion
operation, if the new tree‘s height exceeds this threshold, the tree structure will be reconstructed.
Figure 2 illustrates the operation of insertion. Where the gray tree nodes represent the vertices that need to be
recalculated in the insertion process. The dark grey vertices represent the direct precursor and the successor nodes of the
start and end nodes in new sequence, respectively. The direct precursor node of V0 is Pi , the direct successor node of

Vm is P . The wavy line indicates that the intermediate node is omitted between the two nodes. Triangles represent
i +1

subtrees, triangle with dotted line represents a subtree formed by a new sequence (V , V ,  , V ) .
0

1

m

29

Proceedings, 7th International Conference on Cartography and GIS, 18-23 June 2018, Sozopol, Bulgaria
ISSN: 1314-0604, Eds: Bandrova T., Konečný M.

V1 … Vm

V0

…

P0 … Pa

Pi

…

Pi +1

…

Pc

…

Pb

Pn

Pa
Pb

Pi
( P0 , , Pa )
Pc

( Pb , , Pn )

Pi +1

( Pa , , Pi )

( Pc , , Pb )

(Vi , Vi +1 , , Vm )

( Pi +1 , , Pc )

Figure 2. Binary tree updating when insert operation is performed

2.3.2 Delete operation
Set the original sequence as ( P0 , P1 ,  , Pn ) . If ( Pk , Pk +1 ,  , Pk + m ) is deleted from the original sequence, the update
domain of the delete operation is the subtree with Pj as the root. Where Pj is the lowest common ancestor node of the
vertex of Pk and Pk + m . The vertex sequence of the subtree is Ps , Ps +1 ,  , Pk , Pk +1 ,  , Pk + m ,  , Pt , with Pj as root node. l
represents the hight of Pj in binary tree, the length of the vertex sequence corresponding to the subtree of root node Pj
h −l

is O (2 ) , where h = O (log n ) is the height of original tree. In the progress of sequence deletion operation, we remove
node Pj . Then construct the sequence Ps , Ps +1 ,  , Pk −1 , Pk + m +1 ,  , Pt into a subtree. The computational complexity is
h −l

O (2 ( h − l )) . Figure 3 shows the progress of the sequence deletion operation, where the dark gray vertex is the first
and end vertex of the deleted sequence.

P0

Pa …

…

Pk … Pj

…

Pk + m

…

Pn

Pa
Pj

( P0 , , Pa )
Pk

Pk + m

( Pa , , Pk ) ( Pk , , Pj ) ( Pj , , Pk + m ) ( Pk + m , , Pn )

P0

…

Pa …

…

Pb

Pn

Pa
Pb
( P0 , , Pa )

( Pa , , Pb )

( Pb , , Pn )

Figure 3. Binary tree updating when delete operation is performed
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2.3.3 Modify operation
Set the original sequence as ( P0 , P1 ,  , Pn ) . If the update operation is to replace the new sequence (V0 , V1 ,  , Vm ) with

( Pk , Pk +1 ,  , Pk + l ) in the original sequence. This operation includes two steps. Firstly, the subsequence ( Pk , Pk +1 ,  , Pk + l )
is deleted. Then insert new subsequence (V0 , V1 ,  , Vm ) between node Pk and Pk +1 . Pj is the lowest common ancestor
node of the vertex of Pk and Pk + l . Replace the corresponding vertices Ps , Ps +1 ,  , Pk , Pk +1 ,  , Pk + l ,  , Pt of the subtree

Pj to (V0 , V1 ,  , Vm ) , and a new sequence Ps , Ps +1 ,  , Pk −1 , V0 , V1 ,  , Vm , Pk + l +1 ,  , Pt is generated. A new subtree is
generated and connected to the location of the node Pj .
Pa

Pa

Pj

( P0 , , Pa )
Pk

( Pa , , Pk )

Px

( P0 , , Pa )
Pk +l

( Pk , , Pj ) ( Pj , , Pk + m ) ( Pk + m , , Pn )

V0

( Pa , , V0 )

Vm

(V0 , , Px ) ( Px , , Vm )

(Vm , , Pn )

Figure 4. Binary tree updating when modify operation is performed

2.3.4 Tree rebalance operation
Local update operation on tree structure, include insert, delete and modify operation, greatly increase the update
efficiency. These update operations are performed on local subtrees. However, the balance of tree will be destroyed
after several operations. At this time, it is necessary to carry out the rebalancing operation. This operation rebuild
subtree with serious imbalance and reduce tree height. Tree rebalance operation will guarantee the balance of sublines’
scale and binary tree if the polyline is stored in a hierarchy structure of binary tree. As a result, it can reduce the
complexity of algorithms and enhance the efficiency of hierarchy structure.
Pa

Pa

Px

Pj
( P0 , , Pa )

( P0 , , Pa )
( Pa , , Pj ) ( Pj , , Pn )

( Pa , , Px ) ( Px , , Pn )

Figure 5. The rebalance of tree structure

3 EXPERIMENTS AND DISCUSSION
3.1 Dataset
The dataset of the experiment derived from the whole library file Planet.osm of OpenStreetMap. We extracted total
factor data of global coastline through OSMCoastline software. This dataset is the most accurate coastline data. The
amount of data on this scale will have a serious impact on performance, both in query, transmission and mapping. Table
1 shows the item and characteristics of data.
Vertex division and approximate spatial query run in a Hadoop cluster computing environment with 8 cluster nodes.
The experiment server is built on Redhat 6.5 with Intel Xeon E7-8870 of CPU, 128G of memory, 1000M of network
card. The development environment for experiment is Eclispe3.7 and the Java version is jdk1.7.65.
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Table 1. Data description of global coastline
Data item

Sum

vertices

43591835

polyline

878453

assembly objects

15175

the maximum vertex number of polyline

4370376

the maximum polyline number of assembly objects

52470

the number of enclosed polygon

572926

3.2 Vertex division based on VW algoriphm
Visvalingam-Whyatt (VW) algorithm is a simplified method based on curve graph analysis. The basic idea is
summarized as follows. Given a threshold of distance ε and a polyline L j = {P0 , P1 , L, Pn } . For each vertex
Pk , 0 < k < n , we calculate the area of a triangle which is formed by lines joining points Pk −1 , Pk , Pk +1 , i.e.
S ∆Pk −1 Pk Pk +1 . For vertex Pm and any vertex Pk , S ∆Pm −1 Pm Pm +1 ≤ S ∆Pk −1 Pk Pk +1 , 0 < k , m < n . If S ∆Pm −1 Pm Pm +1 ≤ ε , then

delete Pm , draw a straight line joining points Pm −1 and Pm +1 . Repeat the above steps for the now polyline, until
all the areas of triangles satisfying the specified criterion function

f ( Sm ) =
max {S ∆Pk −1 Pk Pk +1} ≤ ε (1)
The algorithm is the process of deleting the vertex successively. If the order of the vertex deletion is arranged in reverse
order, it can be regarded as the step selection of the line object to sample and form the vertex sequence process. The
area of a triangle can be seen as the weight of vertices.
Based on the vertex sequence division method and distributed computing environment, we applied VW algorithm to
built binary tree. The preprocessing consists of two items: (1) the calculation of vertices’ weight and the generation and
storage of binary trees for polylines; (2) the generation and storage of vertex spatial index. The construction time of
binary tree and quadtree indexing are showed as follows.
Table 2. Distributed preprocessing time of binary tree
Vertices
number

10,000

20,000

30,000

40,000

50,000

60,000

70,000

80,000

1

46.270

57.868

87.308

108.161

127.422

145.188

189.114

222.100

2

36.904

50.038

60.656

80.796

88.758

99.260

129.236

139.056

3

30.857

49.278

57.467

62.121

61.984

80.665

84.112

87.657

4

33.766

43.122

52.187

56.826

60.568

66.711

74.555

76.866

5

28.832

37.433

42.777

44.429

50.976

60.365

67.343

71.602

6

31.594

32.263

41.682

44.459

46.239

54.557

58.286

68.193

7

28.240

33.968

38.874

42.623

44.399

50.164

56.828

58.629

8

29.947

33.144

39.970

43.403

45.691

49.941

59.391

62.150
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Table 3. Construction time for quadtree spatial index
Vertices
number

5,000,000

10,000,000

15,000,000

20,000,000

25,000,000

30,000,000

35,000,000

40,000,000

1

120.086

167.267

203.830

278.698

335.517

379.147

561.211

679.353

2

95.311

138.872

167.772

182.275

246.431

282.911

356.756

422.398

3

84.362

134.238

144.658

147.023

179.898

236.471

262.580

379.712

4

97.328

118.315

127.272

142.684

157.142

170.818

228.485

301.661

5

79.441

109.892

115.581

130.264

154.309

198.381

228.716

287.925

6

78.170

103.138

118.052

131.847

135.163

193.151

216.615

277.068

7

79.085

103.498

113.138

122.196

123.763

153.291

195.320

249.253

8

70.056

91.933

107.056

113.120

119.933

134.370

188.954

241.447

Table 2 shows the distributed preprocessing time of vertices‘ weights and binary tree for polylines. The different raws
represent the computation time from 1 to 8 compute nodes. It can be seen from the table that the processing time
decreases gradually as the number of compute nodes increases, which fully reflects the role of distributed in improving
efficiency. In the large geospatial data, VW algorithm deal well with polylines’ simplification.
In order to reduce the storage consumption for algorithm and enhance the robustness and portability of the algorithm,
we make data partition through building vertex hierarchy index structure combined with quadtree. Table 3 shows the
construction time for spatial index. The different rows represent the computation time from 1 to 8 compute nodes. It can
be seen from the table, the construction time decreases gradually as the number of compute nodes increases, which fully
reflects the role of distributed in improving efficiency. This rate of ascension is slower than the increase of the compute
nodes.

3.3 Query efficiency analysis
The analysis of approximation spatial query is applied to the global coastline. We set query time as the threshold, and
points number is chosen as the reference index to evaluate the result. In order to clearly illustrate the result of
approximate window query, we analysis the visualization effects from different scales and different dimensions. We set
query time to 0.5 second, when the time is over, the query stops.
As is shown in Figure 6, the red lines represent vector data of the World for approximate queries, and display on client
with Google map. The number of returned points is 14,403. From Figure 7, it appeared that the boundary is basically
consistent with the background map, white space represents the difference between query result based on VW algorithm
and original data. If the initial data were displaied directly on the map, it would spend 50 seconds. The result shows that
the response time going through the method is faster than when going on original data, and the query result is basically
meet the requirements of visualization.
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Figure 6. Query result for the World in 2D

Figure 7. Query result for the World in 3D

Figure 8. Query result for Australia in 2D

Figure 9. Query result for Australia in 3D
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Figure 8 shows the query result of Australia, red lines represent vector data of Australia for approximate queries, and
display on client with Google map. The number of returned points is 5,403. From Figure 9, it appeared that the
boundary is basically consistent with the background map, white space represents the difference between query result
based on VW algorithm and original data. If the initial data were displaied directly on the map, it would spend 10
seconds. The result shows that the response time going through the method is faster than when going on original data,
and the query result is basically meet the requirements of visualization.

4 CONCLUSIONS
The development of geospatial big data presents an urgent need for the interactive visualization of geographic data.
Although various algorithms exist for spatial querying, their heavy precomputation storage costs or query costs hinder
their application to efficient data accessing and real-time visualization. Spatial approximation query is an effective way
to balance spatial query performance and accuracy of calculation, it is based on binary tree which is built on vertex
sampling, and could realize rapid query with certain time and high accuracy.
By detecting hierarchical structure in geospatial data and approximate spatial query approaches, we developed an
approximate spatial query algorithm that combines vertex sequence division scheme with weight constraint. Querying
according to the weight of vertices and time limit is a well-received technique, and distributed environments will bring
more benefits to approximate queries as the volume of data increase. This paper analyzes the contradiction between the
current spatial query technology and the requirement of data interactive visualization, and puts forward a vertex
sequence division and binary tree construction scheme based on VW algorithm. With the continuous updating of
geospatial data, it is necessary to realize the dynamization of vertex binary tree. In view of this, we defines cost
functions and updating algorithm from four aspects, including insert, delete, modify and tree rebalance operation of
vertex binary tree. Finally, we conduct extensive experiments on OpenStreetMap data to evaluate the proposed
algorithms and data structures. The internet GIS proto-system is established based on distributed in-memory computing.
The results show that our approximate spatial query and updating method can improve the query efficiency of data
visualization, and the visual effect don’t have much difference between approximate spatial query and exact query.
In this paper, the proposed scheme is only given for approximate window query. Further research will focus on other
applications such as clustering analysis, network analysis of approximate query processing.
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Abstract
One of the important field of research in urban historical analysis is the revival of collective memory in relation to the
forgotten or lost urban heritages. Although it is known that in the 1910s, tramlines were used in Mersin and there were
a number of piers used for various purposes, the route of the respective tramlines and the location of the piers were
roughly drawn in several studies based on the oral history studies. In this context, the aim of this study is to ascertain
the route of the tramlines and location of the piers by using historical cartographic materials that are important
sources of urban and regional historical analysis. Based on two specific historical maps of Mersin city, the route of the
tramlines and location of the piers have been identified together with the historical buildings by using georeferencing
tools available in Free and Open Source Software for GIS.
Keywords: Urban History, Historical Maps, Collective Memory, Free and Open Source Software for GIS

INTRODUCTION
Until the mid 19th century, Mersin was mainly known for its piers and docks rather than being a emerging center of
settlement unit. In the memoirs of old people who were born in Mersin, piers occupy an important place mostly in the
form of some sort of nostalgia. Nevertheless, they are also part of the collective memory built with the narratives of not
only the old residents of the city but also those who even did not experience the social atmosphere of the city witnessing
the existence of piers. In a recent news published in Haberci, a local newspaper in Mersin, there is a call for, at least,
uncovering the traces of old piers in the city (Eroğlu, 2017). In the news titled “Piers of Mersin should be brought to
light! (Mersin’in ‘iskeleleri’ gün ışığına çıksın)”, it is mentioned that there is a recommendation for uncovering and
demonstration of the traces of old piers in order to inform both the residents of the city and visitors about the
importance and exact location of the piers concerned by placing information boards. Nevertheless, the exact locations of
the respective piers are not known, albeit there are some descriptions about their locations in oral history studies
conducted by several researchers. Unfortunately, historical cartographic materials have also not been properly used for
such a task by using scientific methods of analysis. Thus, a systematic and scientific analysis of the old maps
corncerned with the help of geographic information systems may help for the revival of the collective memory.
Another important element of the collective memory in Mersin is the fact that there were tramlines in the city during the
1910s. There are some speculations about their routes and functions based on the oral history studies. Some argues that
they were mainly used for passenger traffic not for solely carrying goods. Some other argues that they were mostly used
for the transportation of the goods. The routes of the tramlines can easily be redrawn by using the anectodatal evidences
from oral history studies. Nevertheless, it is not possible to specify the exact routes of the tramlines concerned without
detailed historical cartographical materials. Thus, the exact routes of the tramlines are also an important part of the
discussions in relation to the collective memory in the city. Within this context, a number of maps has been obtained
from the Ottoman Archives of the Prime Minister's Office (Başbakanlık Osmanlı Arşivi (BOA)). For the specific
purposes of the study, particularly two maps obtained from the Archives are important. The maps concerned have no
map projection and they do not have any indications of latitude or longitude.
The first one titled “Plan de la ligne du Tramway de Mersine” (Map of Mesrin Tramline) dates back to 1889 and shows the
route of the tramline that would be constructed in Mersin. The map was available in four parts (HRT. h. 2530: 1, HRT. h.
2530: 2, HRT. h. 2530: 3, HRT. h. 2530: 4) in jpeg format as raster images (300 dpi) and it was prepared at 1/500 scale.
The parts of the map were first combined by using the image processing tools available in GIMP. On the respective map,
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names of the buildings located along the route of the tramline are also given. The second map titled “Mersin Sahilindeki
İskeleleri İrae eden Harita” (Map of the Piers Located along the Coast of Mersin City) dates back to 1894 and shows the
location of the existing and proposed piers at the time in Mersin. The map was available in one part (BEO. 505/37812:3-2)
again in jpeg format as a raster image (300 dpi). The respective map prepared at 1/4000 scale was horizontally flipped in
order to make it ready for georeferencing task as somehow the obtained map was actually a mirror image of the original
map. Information about the name and condition of the piers are given in the map by using a coding scheme. Accordingly,
each pier is marked with a letter explained in a detailed context on the upper part of the map. Some of the important
buildings in the city is also marked with numbers on the respective map. Regarding these numbers, on the left hand side of
the map, there is a legend for the names of the buildings.
As many of the buildings were demolished over time, Mersin Urban Development Plan prepared by Prof. Hermann Jansen
at 1/2000 scale in 1939 has been used as the reference map showing the location of important historical buildings in
addition to satellite images of Mersin city. Cartographical accuracy of the respective plan is higher compared with the
maps showing the location of the piers and tramlines, and obtained from the Ottoman Archives. Jansen prepared the urban
development plan of Mersin by using the map prepared by Hikmet Serdengeçti, a well–known engineer in the city at the
time (Yeni Mersin, 24 March 1936: 1). Unfortunately, the original land use map prepared by Serdengeçti could not be
obtained. However, the traces of the existing roads and buildings that facilitated the georeferencing of the old maps
obtained from the Ottoman Archives are partly visible behind the drawing of the urban plan prepared by Jansen. In
addition to this map, the map titled “Mersin'de İnşaası Musammem olan Limanın Planı - Projet De Port, a construire a
Mersina (Asia Minor)” (Port Project, to be built in Mersin) and prepared at 1/5000 scale for the construction of a port in
Mersin is also used as a reference map. The map concerned dates back to 1894 and it was available in three parts (PLK. p.
2950:1, PLK. p. 2950: 1, PLK. p. 2950: 3) in jpeg format as raster images (300 dpi). Only the last two parts of the map
showing the urban fabric were combined in order to make it ready for georeferencing process. It was georeferenced by
using the already georeferenced map of Mersin Urban Development Plan and satellite images. Thus, two basic maps used
in this study have been georeferenced by using satellite images, Mersin Urban Development Plan prepared in 1939, and the
port plan prepared in 1894.
In the elaboration of the the spatial and historical development of the piers and the routes of the tramlines, this study
have made use of not only the cartographic materials obtained from the Ottoman Archives, but also the formal
correspondences between the central state and local administrators again get from the Ottoman Archives together with
some other resources such as the Ottoman Yearbooks (Sâlnâme), and the resports and Journals published during the
period between the end of the 19th century and beginning of the 20th century. Overall, in this study the spatial
development of the piers and the routes of the tramlines in Mersin have been elaborated within a critical and historical
perspective for the period between 1830s and 1920s. Within this context, in the subsequent section, firstly there is a
theoretical discussion regarding the georeferencing and georectification issues that occupy an important place in the
specification of the location of the piers and the route of the tramlines. In the third section, the development of Mersin
as a break-of-bulk point is discussed with particular reference to the chrono-spatial development of the piers in the city
parallel to the economic development of the city and the construction of railway. This discussion is followed in the forth
section by the elaboration of the construction of the tramlines in the city as linkages inside the break-of-bulk point. The
last section of the paper draws on some concluding remarks revealing the importance of the employment of GIS in
general and georeferencing in particular in the urban and regional historical analysis.

GEOREFERENCING AND GEORECTIFICATION ISSUES
In order to georeference a historical map whose projection is unknown (or it may not have a map projection), the map
concerned should be properly georectified by using appropriate methods of transformation available for rectification.
Once the coordinate system of the map is known, actually the information necessary for georeferencing is only to define
the coordinate system the map is in so that the software can understand and transform it. If such information is not
available, we need to find the earth-based coordinates (e.g. UTM) of some points on the historical map that will be first
georectified. These points used for georectification of the image are usually called ‘ground control points’ (GCPs) that
are map elements that can be recognized in both reference map whose projection is known and the historical map. In
essence, in georectification operation a one-to-one correspondence is established between two set of GCPs lying on two
different plane surfaces in order to rectify the historical map with the reference map. It is recommended that if possible
GCPs should be equally distributed through the whole raster image of the historical map and they should be represented
by the objects that are well-identifiable (such as road intersections or sacred objects that have remained unchanged).
In order to georeference the historical maps used in this study, Quantum GIS (QGIS), a Free and Open Source Software
(FOSS) for GIS, is employed. In QGIS, there are several methods for the georectification of a map. These methods are
linear, helmert, polynomial 1, polynomial 2, polynomial 3, thin plate spline and projective. An overview of the
georectification methods frequently used for georeferencing historical maps can be found in Boutoura and Livieratos
(2006). Actually, the methods used for georeferencing a map can be grouped into two general categories (Balletti 2006;
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Bitelli, Cremonini, Gatta, 2009; Cajthaml, 2011; Brovelli & Minghini, 2012); (1) those having global & non exact
algorithms (such as linear, helmert and polynomial algorithms) that employ all GCPs in order to obtain a transformation
to be applied on the whole raster image, and (2) those having local & exact algorithms (such as ‘rubber-sheeting’
method, ‘thin plate spline’ and ‘inverse distance weighted’ methods) that use different sets of GCPs for different
portions of the raster image. Although exact algorithms make the georectified positions of GCPs lying on the historical
map coincident with those having earth-based coordinates and marked on the reference map, in principle non exact
algorithms do not force the exact fitting of GCPs locations on the historical map with those marked on the reference
map as they optimizes global accuracy to the detriment of local accuracy.
The number of GCPs changes according to the georectification method used because the number of the parameters
involved in each method is different (Bitelli, Cremonini, Gatta, 2009: 224). For example, for a linear transformation
including a shifting, a global rotation and scale changes, 3 or 4 GCPs are enough. If the cartographic material has a
proper map projection or high degree of metric accuracy, linear and low degree polynomials can be safely used for the
transformation. For the transformation of older maps, higher order polynomial algorithms can be used provided that
high number of GCPs are available. Nevertheless, it is well documented in the literature that among the methods thin
plate spline or rubber sheeting has the most appropriate algorithm for the georectification of the historical
cartographical materials having no map projection and/or low degree of metric accuracy (Podobnikar and Šinkovec,
2004: 4-5). Yet, the problem with this method is that it requires high number of GCPs because unpredictable distortions
may appear on the areas that are not covered with GCPs (Podobnikar & Šinkovec, 2004; Brovelli & Minghini, 2012:
104;). In other words, parts of the raster image located outside the coverage of GCPs are not as accurate as those within
the coverage of GCPs and they can be highly distorted, albeit the GCPs after transformation fit precisely because the
location of the GCPs is conserved.
Another problem associated with the georeferencing of less-precise historical maps not based on geodetic network by
using thin plate spline or rubber sheeting-type transformations is the fact that the raster image obtained after
georectification can be entirely illegible if the basic topological conditions regarding the locations of objects in space
are not met in the historical map (Affek, 2013: 386). For example, a hamlet projected on the old map to the north of
another hamlet can be in reality located to the south of the hamlet considered. In these kinds of cases, a global & non
exact algorithm can be chosen in order to georeference the hisotrical map. Georectification methods based on global &
non exact algorithms can also preferred in order to georeference an old map if the map concerned is an accurate
historical map having errors that are globally filtered, and no local effect (Brovelli & Minghini, 2012: 104). Another
option for the georectification of a historical map is based on the joint application of global and local transformation.
Dai Prà and Mastronunzio (2014: 119) argue that “the best results can be obtained by applying both procedures, using
first a global and subsequently a local trasformation”. On the one hand, application of a global transformation
significantly increases the geometric correction of the old map throughout the whole raster image; on the other hand,
subsequent application of a local transformation actually aims at the ‘local refinement’ of the map that is already
globally corrected (Dai Prà & Mastronunzio, 2014; Guerra, 2000).
Since the historical maps used in this study are not based on geodetic network (i.e. they have neither a map projection nor
indications of latitude or longitude), but they meet the basic topological conditions; thin plate spline is selected as the
main method of georectification for the transformation of the maps concerned. However, in local algorithms precise
coincidence of GCPs on the old map and reference map does not mean that two maps are matched perfectly (Affek,
2013: 385). Thus, for a pure cartographic interest (such as analysis of transformation precision), old maps georeferenced
by using local transformation methods can also be georeferenced by using global transformation methods that allow for
the calculation of important parameters because local transformation methods do not calculate these parameters and they
are not suitable for generating inferences about the deformations characterising the maps (Bitelli, Cremonini & Gatta,
2009; Cajthaml, 2011). For example, residuals that can be taken as a measure of the transformation precision can be used
in order to produce intuitive and qualitative visualizations of map deformation (such as displacement vectors) (Brovelli &
Minghini, 2012: 101). Within this context, the maps used in this study have also been georectified by using first degree
polynomial transformation, and the screenshots showing the vectors of displacement for GCPs have been presented in
order to generate some insight about the extent of the deformations to which the old maps were subject.
After specification of the methods of georectification that will be employed in the study, a set of GCPs have been
identified in both old maps and reference maps already georeferenced in UTM WGS84 and available in scales between
1/500 and 1/5000. In order to increase the accuracy of the geoferencing and rectification process, as long as possible
well-identified points such as the corner of the buildings or streets have been designated as GCPs. As we have the
detailed spatial information about the buildings and streets in different maps used as reference materials, lots of GCPs
have been able to be identified thanks to the descriptive information available in the respective maps. After the
identification of GCPs, the olds maps have been first georectified and georeferenced by using thin plate spline as the
method of transformation (Figure 1 and Figure 2). In order to get some intuition regarding the deformations
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characterising the old maps, the maps concerned have also been georectified by using first degree polynomial
transformation and the screenshots of the vectors of displacement have been taken (Figure 3 and Figure 4).

Figure 1. Georeferenced Map of the Piers in Mersin according to thin plate spline transformation.

Figure 2. Georeferenced Map of Mesrin Tramline according to thin plate spline transformation.

Figure 3. Vectors of displacement for Map of the Piers in Mersin according to 1st degree polynomial transformation.
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Figure 4. Vectors of displacement for Map of Mesrin Tramline according to 1st degree polynomial transformation.
In QGIS, list of residue values for individual GCPs can also be exported as a table. In this respect, residue values
calculated for the first order polynomial transformation have been further processed to calculate Root Mean Square Error
(RMSE) values for each historic map used in this study. RMSE, the square root of the mean of the squared residuals for
the individual control points, is one of the most important global statistics used to measure the deformations
characterising the old maps (Table 1). Accordingly, RMSE values (in meters) for “Map of Mesrin Tramline” and “Map
of the Piers in Mersin” are calculated as 8.896 and 10.836, respectively. RMSE values for the other old maps used either
as an additional reference map for georeferencing purposes or as a control map to ascertain the names of the piers
mentioned in the archive records and to confirm the route of the tramlines are also given Table 1. Compared with the
other maps, as expected, Mersin Urban Development Plan prepared by Prof. Hermann Jansen in 1939 has the highest
cartographic accuracy. Overall, RMSE values for the old maps georeferenced in this study are close to the ones computed
in other studies for the maps prepared approximately during the same period (1890s) and produced at the scales close to
each other (ranging between 1/500-1/1000 or 1/2000-1/4000) (Brovelli & Minghini, 2012: 106).
Table 1. The number GCPs identified and RMSE measured for the old maps of Mersin city.
Map Name

Scale

Year

Number of GCPs

RMSE

Map of Mersin Tramline

1/500

1889

94

8.896

Map of the Piers in Mersin

1/4000

1894

150

10.836

Mersin Port Project

1/5000

1894

97

10.235

Mersin Urban Development Plan

1/2000

1939

68

4.917

Based on these georeferenced maps, in the next two sections; firstly the development of Mersin as a node of intersection
of different modes of transportation will be properly depicted with particular reference to the chrono-spatial
development of the piers in the city; secondly the installation of the tramlines will be elaborated with reference to their
function as linkages inside the break-of-bulk point.

EVOLUTION OF MERSIN AS A BREAK-OF-BULK POINT: DEVELOPMENT OF PIERS
Break-of-bulk points such as ports where freight and commodities were transferred from one mode of transportation
onto another have the highest potential for the development of new cities (Kaplan, Wheeler and Holloway, 2009: 143).
Parallel to this, it is observed that two critical factors in the economic development of Mersin were the presence of a
well functioning port and the transportation services connecting the port to the other cities in inland (Beyhan and Uğuz,
2001). The increasing importance of Mersin as a break-of-bulk point owes to certain historical and georaphical factors.
Although firstly Kazanlı gained importance as a port because of the fact that Rhegma Lake allowing Tarsus to function
as a port city got filled up and turned into a swamp (Barker, 1853: 15), Mersin had also increased in importance as a
port for the transportation of particularly cotton and timber since 1817 (Akkaya, 2004: 335). The first historical record
regarding the piers in Mersin belongs to 1832 (TŞS No: 285 Belge No. 40-41). In the respective record that has been
found in the Tarsus Court Records (Tarsus Şer’iyye Sicilleri), it is mentioned that Mersin pier was important as much as
Kazanlı pier. In another record dated to 1837, it is stated that there were some repaired depots around Mersin pier (TŞS
No: 289 Belge No. 5). The depiction of the economic activities in the emerging settlement of Mersin with reference to
the pier continued in the subsequent decade (TŞS No: 289 Belge No. 441). After the mid 19th century, it is observed
that although there was almost no record for Kazanlı pier, the number of records mentioning about Mersin pier
tremendously increased. This reveals that the administrative and commercial significance of Mersin pier rose during the
second half of the 19th century.
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According to a record dated to 1852, a stone pier was constructed in the same year in addition to the existing wooden pier
by the state itself owing to the increasing number of people and good departing from Damascus and Europe, and arriving
at the pier facing Cyprus (BOA. İ.MVL 262/9894: 2). Parallel to these developments, it is observed that in a short time
period the settlements in the region were started to be described with reference to Mersin pier whose location was
previously defined in relation to the respective settlements. For example, although in 1852 ‘the location of Mersin pier
was defined with reference to Yumuk hamlet’ (TŞS No: 291 Sayfa No: 224), in 1856 the respective hamlet was
described in relation to Mersin (TŞS No: 295 Belge No. 344-345). There is no doubt that the increase in the commercial
vividness of Mersin was in correlation with the increasing number of piers in the city. There was a need for the
construction of new piers (BOA. A.MKT.NZD 194/49). Within this context, the repair of the existing wooden pier and
the construction of 5 new stable piers (stone or wood) were decided in 1856. As a matter of fact, there was no proper pier
in Mersin in the 1860s. During these early years, sailboats were anchored near the seashore and the loading-unloading
of goods was carried out by the porters, who of necessity, worked in the water (Develi, 2001: 143). Nevertheless,
compared with the coasts of İskenderun and Syria, Mersin was more suitable to anchor owing to the excellent roadstead
(Barker, 1853: 115). In spite of lack of natural protection from the waves, it was also able to guide ships under heavy
weather conditions thanks to its lighthouse constructed in 1865 (Dingeç, 1998).
In 1874, a new pier was constructed by French Messagerie Maritimes Company (BOA. İ.MMS 49/2098). As the import
and export activities increased in Mersin, the road between Adana and Mersin could not meet the needs. Consequently, in
order to develop the transportation facilities between Mersin and Adana, the construction of a 67-km-length railway
between the port and the inland city was decided (Dingeç, 1998). The railway between Mersin and Adana was put into
operation in 1886 (Dingeç, 1998; Develi, 2001). After the construction of the railroad between Mersin and Adana, the
number of ship agents in Mersin noticeably increased. Subsequently, Mersin became an important center of trade and
maritime transport in the region in the 1890s. Parallel to the increase in the export and import activities, the existing piers
in the city could not meet the demand. Consequently, with the contribution of both public and private initiatives, new
piers were constructed. By 1892, there was a total of 7 piers in the city according to the yearbook of Adana province for
the same year (AVS H. 1309). Four of them were made of wood and two piers were made of stone one of which had a
wooden extension. And one pier belonging to the railways had an iron frame. Although, in “Map of the Piers in Mersin”
dated to 1894, there was a total of 7 piers, one of them was a proposal and it seems that it did not actually existed at the
time (BOA. BEO 505/37812) (Figure 5). Indeed, in another record dated to 1895, it was stated that there were 6 piers in
Mersin and they could not meet the demand of the merchants in the city (BOA. DH.MKT 364/40).

Figure 5. Chrono-spatial order of piers in Mersin till the mid-1910s.
Thus, there is no doubt that a proper spatial analysis of the historical evolution of the piers in the city provides us with a
more accurate historical account of the subject matter. Within this context, it became possible for this study to specify the
exact location of the piers mentioned in the Ottoman registeries noted above. Furthermore, based on the information
available both on the map and the registeries, a chronological and spatial order of the piers has also been produced in this
study thanks to the georeferencing tools available in FOSS for GIS (Figure 5): The first pier originally made of wood was
located in front of the Port House. The Ottoman registeries reveal that it had been there since 1830s (TŞS No.285 Belge
No. 40-41). The second pier constrcuted in 1852 was most probably the one located in front of the store of Dimitri and
Şatır. The third pier was constructed in 1874 (BOA. İ.MMS 49/2098: 1). Since it was constructed by Messagerie
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Maritimes Company, it is considered that it should have been the pier closest to the building of the respective company.
The forth pier was first visible on a map prepared in 1883 for the construction of the railway line between Mersin and
Adana. According to the main map showing the existing and proposed piers in Mersin, it was shown in front of the houses
and store of the local merchants Mavromati, Consulate of Spain, and his son-in-law, Christman, Consulate of Austria. The
fifth and sixth piers are visible both on the main map prepared particularly for piers and the one prepared in 1894 for the
construction of a port in Mersin. The fifth pier having a wooden frame was built temporarily in front of the Customs
House. What is evident from “Plan de la ligne du Tramway de Mersine" is that the respective pier was constructed at the
beginning of the 1890s together with the sixth one connected to the railroad. The existence of the sixth pier serving for the
railway connection can be traced back to 1892 according the yearbook of Adana published for the same year.

LINKAGES INSIDE THE BREAK-OF-BULK POINT: THE STORY OF TRAM-LINES
The first news about the construction of a tramline in Mersin appeared on a weekly commercial and financial journal
titled “The Money Market Review”. In the respective news, it is stated that Mersin Municipality obtained the right to
construct a tramway from the Custom House to the railway station. According to the news, tramway would shortly
become an accomplished fact (Money Market Review, 1885: 1261). Nevertheless, what is evident from the
correspondences occurring between the state and local govenment bodies and obtained from the Ottoman Archives is
that the construction of the tramway was delayed due to the problems experinced firstly in the approval of and
permission for the project by the State, and the subsequently in the start of the construction by Mersin Municipality.
Indeed, what is evident from the correspondences between the Governerhip of Adana and the Ministry of Public Works
(Nâfi’a Nezâreti) in 1888 is that just after the construction of the railway between Mersin and Adana, the municipalities
of Mersin, Tarsus and Adana requested the permission of the state for the construction of tramlines in their cities (BOA.
ŞD. 1188/10:2). It is important to note that only the request of Mersin municipality was taken into account by the state
considering the necessity of the connection between Mersin railway station and the piers in the city provided that Mersin
Municipality strictly complied with the rules of the license prepared for the construcion of the tramway. Upon this,
Mersin Municipality sent the plan and project prepared for the construction of the tramway to the Governship of Adana
by accepting to comply with the rules of the license and to complete the project within two years after the approval of the
tramway plan as specified in the license. And, subsequenly, the Governor of Adana requested the approval of the
tramway plan and project, and the permission for the construction of the tramway from the Ministry of Public Works by
arguing that the respective project was important for the development of not only Mersin city but also the country (BOA.
ŞD. 1188/10:1). Within this context, in the Archive records, information about the route of the tramway and the cost of
the construction is also given. Accordingly, it was stated that the tramway line having a length of 1350 meters would be
installed between the railway station and French Messagerie Maritimes Company, and it was calculated that it would cost
3150 liras (BOA. ŞD. 1188/10:1). In the respective record, we are further informed that the segment (1050 meters) of the
tramline between French Messagerie Maritimes Company and Frenk Church would be constructed with sidewalks, and
the remaining part between the Church and the station would be constructed as a solid carriageway.
The correspondences reveal that the permission awaited for the construction of the project was not yet granted by the
State even though approximately 3 months passed after the request of the Governship (BOA. ŞD. 1188/10:2). In a
record dating back to 29 September 1888, we are informed that the permission was still pending and the Governership
sent another letter to the Ministry of Public Works in order to start the construction of the project by arguing that it was
important for the development of the trade in the city (BOA.İ.MMS 102/4320:1). Fortunately, the permission for the
construction of the project was granted to the Municipality with an imperial edict (Ferman) on 25 December 1888
(BOA. ŞD. 1201/9:1). However, in the same record revealing this information, we are informed that in 1894 Mersin
Municipality somehow did not yet start the construction of the tramway, and unfortunately two years’ time period
specified in the License was terminated after granting the permission. By arguing that there was an ongoing
development in Mersin and this also contributed to the development of the country, the Governor of Adana requested
from the State for the prolongation of the time period predefined in the License. As a result of these correspondences,
the State prolonged the time period for another two years starting from 30 March 1894 (BOA. ŞD. 1201/9:5). Since no
correspondence between the State and the local governments could be found on this subject matter after 1894, the exact
date of the start and end of the construction is unknown. Another factor retarding the construction of tramway was most
probably the construction of a railroad pier (6th Pier) near railway station already by 1892. As the goods were started to
be transferred via this pier, the need to connect the Customs Pier with the railroad via a tramline for the transportation
of the goods should have decreased.
Develi (2001) argues that the tramline was put into operation in 1912. Yet, in his book, Develi (2001: 220) also
provides us with a photo dated to 1910 and showing the fact that a tramcar was passing through the Customs Square in
front of Hotel Europe. In another source published in 1916, it was mentioned that on the customs pier there existed “a
light tramroad running to a store” in the Custom Square (The Hydrographic Office, 1916: 552). Thus, it is evident that
in the 1910s tramlines were used in Mersin. The route along which tramlines would be installed according to the project
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permitted in 1888 and the buildings located along the route can be seen in Figure 6. Although in the original project the
route is between the railway station and Messagerie Maritimes Company, according to Develi (2001: 82) the tramline
was actually installed between the Customs Square and Müftü Mosque located at the western part of Mersin inhabited by
the rich residents of the city. In fact, this is also in line with our explanation given above. In a map titled “Port of Mersin Project presented for the construction of the port”, there was also a proposal by Tahincioğlu Atnaş Efendi and David dö
Toledano together with their partners in 1897 for the extension of the tramline to the west of the city till in front of the
Arab Orthodox Church (BCA 230-0-0-0/19-74-1). When France occupied the region, the tramline mentioned by Develi
was dismantled and it was re-installed between the railway station and the Customs House, but this time only for the
transportation of goods (Develi, 2001: 82). Thus, in the early years before the French occupation of the region, it seems
that the tram was mainly employed for transportation of people, not goods. After the French occupation between 1919
and 1922, this tramline was not used and rails of the tramline were dismantled in 1932 (Develi, 2001: 65).

Figure 6. Route of the tramway in the project permitted in 1888 and proposal for its extention in 1897.
Overall, the availability of historical cartographical materials and proper analysis of the respective materials provides us
with a more accurate chrono-spatial account of the city and enriches our understanding of the historical narratives of the
individuals witnessing the developments in the city during the era concerned. Furthermore, the exact location of the
historical buildings demolished overtime due to the physical transformations in the city can also be properly identified if
the required descriptions are available in the respective historical cartographical materials. Within this context, the
names of the buildings indicated on the map in Figure 6 are given in Table 12.
Table 12. The name of the buildings located along the tramlines.
No

Name of Building

No

Name of Building

No

Name of Building

1

Messagerie Maritimes Company

10

School of Dr. Metheny

19

Şatır Khan

2

Store of Mavromati and Christman

11

Courthouse

20

Sursok Estate

3

Customs House

12

Greek Consulate

21

Şatır Properties

4

Municipal Hall

13

Bakery

22

English Consulate

5

Governer’s Office

14

Port Authority

23

Nader Properties

6

Post and Telegram Office

15

Ziya Paşa Properties

24

Mısıri Zade Estate

7

Regie Administration

16

Beyleroğlu

25

Maronite Church

8

Ottoman Public Debt Administration

17

Sursok Khan

26

American Consulate

9

Regie Inspector’s Office

18

Cami-i Serif

27

Taşhan
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CONCLUDING REMARKS
As it is evident from this study, a systematic and scientific analysis of the old maps with the assitance of GIS helps for
the revival of the collective memory. In this respect, one of the most important tools in GIS is georeferencing. The
georeferencing methods based on local & exact algorithms such as rubbersheeting and thin plate spline type
transformations particularly increase the cartometric value of less-precise maps that are not based on geodetic network.
As the main cartographical materials used in this study are not based on geodetic network, they have been
georeferenced by using thin plate spline as the method of georectification in QGIS. As a result of the georeferencing
operation realized in this study, the exact location and chronological order of the piers in Mersin from 1830s to the mid
1910s have been successfully specified. The route of the tramlines and the location of the historical buildings demolished
overtime have also been properly revealed by georeferencing the old maps obtained from the Ottoman Archives. RMSE
values for the old maps georeferenced in this study are close to the ones calculated in other studies for the maps
prepared approximately during the same period (1890s) and produced at the scales close to each other.
Those old maps georeferenced can be vectorized in order to produce statistical data on distances and other spatial attributes
of the objects such as areas and shapes of objects. Cartographic visualization of historical evolution of the urban fabric can
also be made accessible to public in web environment by using FOSS for GIS specifically developed for this purpose such
as GeoServer (for OWS Services) and OpenLayers (for web mapping) in combination with PostGIS, a spatial database
extender for PostgreSQL, an open source object-relational database system. All these constitute future areas of research
trying to understand and share the evolution of socio-spatial configuration of the urban fabric. The spatial changes
experienced in Mersin city during and after the 1920s will be particularly addressed in another study focusing on the
development of the piers till the construction of the first proper port in the city in 1960s.
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Abstract
It is not an easy job to choose the historic maps from tremendous amount of maps all over the world, for a special
project, such as "China's East China Sea, the South China Sea and neighboring countries historical map data
compiled". The works include of, who are the manager of these maps, the managers record what kind of information
about these maps, which of them can be used, and which of them need to supplement perfect. The location information
of the historic map is very useful. According to demand of the project, the rules of designing historic map metadata and
the reasonable historic map metadata item can be determined, the metadata information system is being built up, and
all of those works improved the effectiveness of the historic map database.
Key words: historic map; archive references; metadata

INTRODUCTIONS
Historical Map is a kind of map that reflects the natural and political, economic, military, cultural conditions and their
changes in human history. It is a map showing the spatial distribution and regional differences related to human
activities in history. Historical Map Archive References，which generally refer to the maps that reflect the socioeconomic geography of various periods in the history. A map on a critical time node can be a historical proof to witness
a significant event. Each geographical name and each boundary line on the map would reflect the attribution of the
region and the point of view represented by the cartographer in that time.
"China's East China Sea, the South China Sea and neighboring countries historical map data compiled" is a work project
for the basic needs of national science and technology. The main task of the project is through collecting and organizing
to analyze a large number of historical map data of the East China Sea, the South China Sea and the surrounding
countries, modern map data and historical map data of different countries, which are kept in the national surveying and
mapping archival data system and related departments. It provides the reference material and the surveying and
mapping technology guarantee that have reference values for scientific research of the future political diplomacy and
etc.
Four topics are designed in the project. Among them, the first topic collection and arrangement of maps about the area
of the China's East China Sea, the South China Sea and neighboring countries and the fourth topic construction of
historical map database in East China Sea, South China Sea and surrounding areas all involve metadata analysis,
utilization and redesign of map archives. The first topic is to use the metadata of historical map data to collect and
organize all kinds of map materials that are in line with the requirements. The fourth topic is to make metadata rules
according to the new requirements with all kinds of map data collected and to carry on the input and management of the
related information.
So how can we make sure the collection is useful and manage it the most scientifically, use it the most effectively?
Starting from analyzing the metadata of all kinds of map files, we can find the metadata items of the rapid search of
related map data. On the basis of analyzing the metadata and related standards of various existing map files, a new
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metadata design for this project is carried out. Or to carry out the design of metadata that conforms to thematic
requirements, establish metadata for thematic historical map data, and lay the foundation for the subsequent data
building management and service delivery. All these are the problems to be solved in this paper.

1. Analysis and processing methods of metadata for different sources of map files
The source of the historical map data in this project is mainly divided into:

1.1 Analysis of existing material
It mainly includes the map resources accumulated by the national map archive data collection and management
agencies, such as National Surveying and Mapping Archives, China Cartographic Publishing House and Naval
Publishing House. It mainly includes: various scale topographic maps, charts, and teaching maps, used for the
compilation of the map works of the classic various domestic and international atlases. The advantage of these map
resources is that the map is a series, the compilation unit of map data is normal, and the quality of map is guaranteed.
More importantly, different units have a certain management mode for map files. In order to facilitate the management
and provision of services, some relevant metadata information about map data has been recorded. The definition and
sufficient analysis of these metadata improve the efficiency of selecting the map data that meets the requirements, and
some metadata information can be directly applied to some selected information. The following is an example of the
management metadata analysis of the map data collected by China Map Publishing House and National Surveying and
Mapping Archives.
Based on the content of a certain project, the relevant staffs of the map publishing house have checked the map resource
one by one. Its metadata information is more detailed. The description of the information is mainly divided into 3
categories, 24 items of data description.
The publication information, including: name of publication, country of publication, publisher, date of publication,
reprint edition, collector, book number, back cover scanning, copyright information scanning;
Basic information of the map, including: name of map, type of map, kind of text, original size (width×height, unit: cm),
scale, date of mapping, compilation, type of data, map scanning The relevant information of the South China Sea,
including: the scope of the region, the condition of the discontinuous line, the condition of the name of the island and
reef, the condition of the ownership of the island and reefs, the favorable conditions and the description of the notes.
From the above information, it can be seen that the metadata information of map catalogued by China Map Publishing
House focuses more on the record for the description information of map data, which is more convenient for material
usage.
A large number of geographic information archives are managed by the National Surveying and Mapping Archives. The
data collection patterns of different types of archival data are different. The metadata of the topographic map is divided
into two modes in China and abroad. Among them, there are 39 metadata items for the publication of topographic data
in China, including 12 of the archives management, accounting for 30% of the metadata. There are 27 items related to
map data map attributes, accounting for 70% of the metadata items. Among them, there are only 4 items related to
select map data, that is, the left longitude, the right longitude, the upper latitudes and the lower latitudes of the
topographic map archives, which account for only 10% of the metadata items.
There are 37 contents of the metadata of the topographic data published abroad, and the use rate of the metadata in the
rapid search is similar to that of the above.
It can be seen that the metadata information of National Surveying and Mapping Archives is biased to the content of
archival data management, and focuses more on the input of management content. The purpose of the project is to
quickly find the map data information related to the project in the collection of more than 300,000 metadata records.
The quickest way is to make use of the record content of location information in metadata, and determine the scope of
the map data, so as to determine the scope of the required information.
Information on the left longitude, the right longitude, the upper latitudes, and the lower latitudes of the metadata items
recorded according to the topographic file data, the project group used the FME (Feature Manipulate Engine) software
that is currently leading in the area of spatial data transformation, and realized the conversion of the metadata items
recorded in each map to the spatial geographic information data. The spatial orientation of coordinates in ArcMap
greatly improves the speed and accuracy of selecting the suitable map archives. By using the spatial geographic
information data of the topographic map files, and with the help of geographic information software platform, it is more
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convenient for the selection of the domestic and foreign published maps of map archives in accordance with the
regional conditions in the related areas related to the subject study, drawing the graph of the distribution area of the
data. The selection is according to the scope of the specific coverage of the data and the contents of the metadata of the
other related topographic maps.
As for the data of the collection of special topics and atlases, a detailed interpretation of the relevant archives can also
be selected through the area of the metadata item. Taking the overseas atlas for example, there are 29 contents of the
existing metadata. According to the requirements of the selected data, the determination of the correlation between the
data and the content of the project is carried out. For example, according to the first project topic, one of the indicators
of data collection, such as the world atlas published by a more famous publisher in foreign countries, or the atlas
published by the relevant countries, we can select the file number and related data item information of the foreign
atlases in the current collection of National Surveying and Mapping Archives, as shown in table 1.
Tab.1 The selected metadata from foreign atlas in National Surveying and Mapping Archive of China
Archival code

Name of atlas

Publishing unit

Year of publication

TD413GW-L0015-01

Nouvel Atlas
Mondial

Beite’ersiman
Cartographic Institute

1977

TD413GW-M003401

The National Atlas of
Japan

Geographical Survey
Institute Japan Map
Center

1977

TD413GW-M000701

THE
INTERNATIONAL
GEOGRAPHIC
ENCYCLOPEDIA

Columbia University
Press

1979

AND ATLAS
TD413GW-S0010-01

The Pocket
Atlas,Japan

Japan Pingfan
co.LTD

1980

TD413GW-M000201

The Daily Telegraph
WORLD ATLAS
New Revised Edition

Collins and Son
Publishing
Company,UK

1980

After these atlases are selected, the map of the project area is carefully read and screened, and the suitable map is
selected.
The above methods show that it is more efficient to select the qualified map data through the metadata of existing
historical map data.
However, the map archives data selected by this method cannot satisfy the needs of the special topics. For example, in
terms of time span, the breadth of the publishing country, and so on, the needs of the project cannot be met. The scope
of material collection must be expanded, so target collection is required.

1.2 Target collection
Target collection is divided into two ways: procurement and network acquisition. Procurement is usually a targeted
purchase of specific information for an item from a map provider, such as a sea area topographic map published by a
country at a certain time. The procurement of map data is generally guaranteed in terms of quality. But in the aspect of
metadata acquisition, there is more information to be recorded by manual acquisition, that is, there is more metadata
information to be verified. In the way of network acquisition, the network crawler software is usually used for data
capture. You need to set up restrictions for different URLs, such as subject management, download time, file type, etc.,
so as to minimize the scope of filtering and get them on relevant websites through keywords. The correlation of the map
data obtained by this method of acquisition is not necessarily guaranteed. But some websites offer better quality maps,
such as The World Digital Library, the Library of Congress, and so on. The map information provided by these large
libraries can even provide some metadata information, but how to get the metadata information smoothly is not easy.
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Some map and picture metadata information can be read out by some image decoders, but there are still problems of
incomplete information, which need to be supplemented one by one. Some libraries also provide relevant software to
help users download metadata while downloading maps and pictures. However, metadata acquired by this way needs to
read its metadata information through special programming, and then match with the designed specific metadata items.
The test process may be repeated many times. Many of the metadata information related to the project need to be
checked and recorded one by one, and the efficiency of the work is not necessarily high.

2. The principle of metadata design for historical map archives
No matter what kind of historical map data we get, there is no difference in supporting projects. Therefore, the
principles to be considered in the design of metadata in historical map are unified, that is, there is more metadata
information to be verified.

2.1 Principle of applicability of user requirements
At present, the main goal of the spatial metadata standard developed by the standardization organizations at home and
abroad and the spatial metadata standards formulated by other individuals or organizations is the sharing of data. In
order to achieve the purpose of sharing, it is necessary to meet the needs of the main users as much as possible in the
design. When the project is designed and approved, the users of the project are identified as experts and scholars
interested in the relevant issues in the East China Sea and the South China Sea, and all kinds of information resources
should be provided as comprehensively as possible to meet the needs of the users. In this project, in addition to the map
data, it also involves images, articles, monographs and video, and the design of the corresponding metadata information.
Experts should be concerned about the contents expressed in historical map data, the time reflected in historical map
data, the mathematical basis of map data, the production units, the language of map data, and the degree of control of
data, so the setting of these data items is necessary.

2.2 Standardization principle
It is the most efficient and easiest interoperation to achieve "spatial metadata interoperability" by conforming to the
metadata standard. Therefore, it is very important for us to follow the existing standards to achieve interoperability. In
this project, the data items that can adopt the relevant standards are all applied to the relevant standards. For example,
the format of coordinate information of hot spots in maps and the format of data providing unit coordinates are based on
the current common data format of map coordinates. It is beneficial to annotate or obtain the corresponding coordinate
point information on the network map such as the Map World. And for time data items, they are required to be unified
into the year of the ad.

2.3 Simplification principle
Retrieval resources tend to focus on applicability, while portal applications emphasize simplicity. At present, the
metadata items contained in the spatial metadata standards developed by the major standardization organizations at
home and abroad are very detailed and complex. The metadata of this project can not only achieve the simplicity of
portal application, but also meet the applicability of retrieval resources. For example, the setting of data items of project
topic correlation description and key term data items of map data is to facilitate the use of keywords. In this project, the
setting of keywords in the South China Sea, the East China Sea and the Diaoyu Dao is to enable users to quickly
understand the relevant information of map data and quickly retrieve map data of relevant regions.

2.4 Principle of generality and specificity
The principle of generality of metadata scheme requires that a more general concept can meet the requirements of
description, while the principle of specificity refers to the special requirement of resource description in particular
domain. At present, the main standardization organizations at home and abroad have established spatial metadata
standards, generally speaking, to meet the general data sharing needs of users, the universality is obvious. And in the
design of this project, more consideration is given to project topics, which meet the requirements of information
acquisition for spatial map and time series as well as publishers and providers, so the specificity is more obvious. In
addition, the naming of historical maps has also made specific requirements. The historical map data managed by
various units, some were named by file numbers, some by map names, and some by simple serial numbers. In order to
facilitate the management, according to the project requirements, the naming rules of the map file are the way of
country + time + map.
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3 Design of metadata items for historical map archives
For the data collection of this project, in addition to the regular use of library collections, purposeful purchase, and
exchange and so on, collecting online through the Internet is also a relatively large source of collection. The location of
the relevant information and the information it can express, reflect the position must be determined. Therefore, we
cannot use the data file catalog management mode to design metadata items and data content. We should consider more
description information and reflect the content characteristics of historical map data more through metadata. In addition,
the intellectual property rights of historical maps should be considered, which should reflect the names of individuals
and institutions. As a result of the sensitivity of the position of the information, the control of the data should also be
considered. In reference to the World Digital Library digital collection description metadata technical standard
(http://project.wdl.org/standards/metadata.html，WDL Descriptive Metadata Element Set), electronic document
metadata program for clerical purposes DA/T 46—2009 the archives industry standard of the people's Republic of
China, the metadata stipulate of the catalog service system of the surveying and mapping geography information
achievement, Library of Congress website (http://www.loc.gov), University of Wisconsin Library website
(http://www.library.wisc.edu，University of
Wisconsin Digital
Collections)and so on the design model
of some metadata, the data items of the historical map of the project (including the atlas) data metadata are identified,
specifically in table 2.
In order to better input and manage the metadata of historical map data, a metadata entry system for historical map data
has been developed. The interface of the system is as shown in figure 1. The data can be imported in batches and
checked and verified one by one to ensure the quality of data. There are special cues for required entries and thumbnails
for data graphics, which can directly check whether the situation of historical map data is normal or not.

Fig.1 The historic map metadata entry interface
Tab.2 The project historic map metadata
Metadata item
name

Specific instructions
and points for attention

Example

Data type

Is it optional or
must be filled?

name

The name of the map is
the name of the map, if
the name

East Indies (Indonesia, Philippines);

char

required

char

required

Indochina (Vietnam, Laos,
Kampuchea)

of the map, for
historical names, it is
necessary to include the
corresponding region
name, Chinese
translation of the name
electronic
document

Name the picture first,
then copy and paste it to
the map

name
metadata table in the
corresponding cell, not
only to ensure that the

(Germany) 1899 An Shi World
General Atlas P121-122 Asia. JPG.
(China) 2015 Map Publishing House
Map of the People's Republic of
China.jpg.
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naming and data names
are exactly the same.
description

A brief description of
the features of the map,
especially its historical
background

General purpose: explain the time,
location, author, location, time and
reason of the data; the key hints of
the information found in the chart.
As in this picture, the Diaoyu Dao
and Chiwei Yu are represented by
digital symbols and footnotes

char

required

author

It means the author of
the data, if there are
many authors, fill in the
first one, and then
replace it with [etc.].
Without the author's
premise, it is the
government department
or the publishing
institution, the Chinese
translation of the name

China Cartographic Publishing
House

char

required

publisher

The name of the
publishing unit and the
Chinese translation

China Cartographic Publishing
House

char

required

country of

Generally refers to the
publishing country,
foreign

China, Germany, etc.

char

required

2017, the years before the Republic
of China were converted into the first
year of the public, and the era of the
Japanese era was converted into the
year of the public.

char

optional

Text, for example: 1840 - 1904

char

optional

Chinese, German, other

char

required

East Asia, China The East China
Sea, the Ryukyu Islands East Asia,
China, Guangdong Province The
East China Sea, the Ryukyu Islands,

char

optional

publication

information
createdate

Original map has clear
record, must fill in, this
is the
item that relates to
time, can be a time
point also can be a time
period, fill in in the way
of AD chronology,
YYYY

inference time

The original map is not
recorded, and a time is
deduced
from the relevant data

language

It refers to the language
used in the original data
and
can be filled in for the
ambiguous language.

indicated area

The region expressed by
information must
include important
geographical areas,

52

Proceedings, 7th International Conference on Cartography and GIS, 18-23 June 2018, Sozopol, Bulgaria
ISSN: 1314-0604, Eds: Bandrova T., Konečný M.

scale

countries, regions, or
important geographical
names involved.

Amami Islands

The main graph of the
original map is a scale,
such as the

For example：1:1 500 000

char

optional

First latitudes after the longitude, fill

char

optional

original map has no
scale, but it cannot be
filled in.
Map attention
point

Map - related hot - spot
coordinates, one or
more groups

coordinate
information

in the format as follows:10°30′00
″N,109°30′00″E

Coordinates of the units
that provide information

39°52′37″N,116°21′15″E

char

optional

coordinated
system

If the original map has,
it should be filled; If the
original map doesn't
have, it shouldn't be
filled.

Beijing Geodetic Coordinate System
l954

char

optional

vertical datum

If the original map has,
it should be filled; If the
original map doesn't
have, it shouldn't be
filled.

Huanghai Vertical Datum 1956

char

optional

map projection

If the original map has,
it should be filled; If the
original map doesn't
have, it shouldn't be
filled.

Gauss - g Lv Ge projection

char

optional

the name of the

The name of the
collection that
information belongs to.

Atlas of the World, Chinese Atlas

char

optional

The name of a research
institution or library or
archives.

China Map Publishing
House,National Geomatics Center of
China

char

optional

URL

If the data is provided
by an organization
online, the URL link
address is provided

https://www.loc.gov/item/gm710050
60/

char

optional

Control degree
of

The degree of control of
the data is controlled in
the open publication.

Open, controlled

char

required

8 - bit alphabet and
digital information
encoding for each piece

DT00001

char

system
generation

Providing unit
coordinates

atlas
The name of the
provider

original graph
ID
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of data
keyword

The key elements that
are not present in the
above table

remarks

Information that needs
to be added to the
information

Such as the intermittent line, the
Diaoyu Dao,the Dongsha Islands, the
Zhongsha Islands, Paracel Islands,
Spratly Islands

char

optional

char

optional

4 Complimentary close
The metadata of the special historical map database is different from the metadata in the general database, because its
data source metadata is relatively complex. In order to improve the efficiency of the use of historical map data, the
design of historical map description information data items can let the users of the data quickly understand the
background information of the map, and do not need to extract and synthesize the scattered data item information. For
the convenience of query and use of historical map data, the metadata items for spatial positioning of historical map are
designed, which greatly improves the efficiency of historical map and will broaden the application field of historical
map data.
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Abstract
The basic geo-spatial information for disaster reduction, including environment, transportation, construction,
population and so on, plays a crucial role in emergency management. With the rapid development of Internet, web has
become an important channel for the rapid information acquisition. However, most of the information exists in the Deep
Web that is difficult to obtain, and different sources of information can not be directly integrated due to their
heterogeneity and structural diversity. Therefore, in this paper we propose a multi-source geo-spatial information
integration method for disaster reduction. By constructing web focused crawler, we can realize the on-demand
aggregation and classification cleaning of multi-source geo-spatial information, and implement the aggregation and
duplicate removal of heterogeneous geographic entities based on semantic similarity calculation. Experiments show
that this method can support the rapid integration of multi-source geo-spatial information for disaster reduction in the
case of sudden disasters and provide rich geo-spatial information support for emergency management.
Keywords: Web, focused crawler, data integration, geo-spatial information, disaster reduction

INTRODUCTION
In recent years, natural disasters happened frequently around the world and have caused enormous losses of life and
property to human society. Adequate, accurate and timely disaster information is of great significance for disaster
emergency management and risk reduction. The advances and access to new technologies such as semantic Web and
Web 2.0 have helped progress information sharing efforts in the field (Harvard, 2011). During the disasters, major
websites continue to provide up-to-date status reports about ongoing emergencies. At the same time, social networks
such as Twitter, Facebook and micro-blog have become an important channel for finding real-time information in the
disaster relief process (Kaplan and Haenlein, 2010). Internet has become the mainstream media for disaster information
dissemination and collection, as well as the important channel for the rapid acquisition of disaster information.
The basic geo-spatial information for disaster reduction includes environment, transportation, construction, population,
enterprise, institution, economy and so on, which plays a crucial role in the field of emergency management, disaster
response and disaster recovery. The web contains a large amount of spatiotemporal information related to emergency
management (Shi, 2011). How to obtain the spatial location, scope, semantics and Spatiotemporal evolution of disaster
events in the massive data resources, and quickly analyze and judge the disaster situation, is an important part of
scientific guidance for disaster relief command. In addition, the data obtained from the Internet are diverse and
heterogeneous, mainly reflected in the differences in data sources, data formats (e.g., text, multi-media, GIS
information) and content descriptions. How to integration these scattered and heterogeneous data and excavate valuable
information become the bottleneck of the precise judgement of the disaster.
In recent years, related research and demonstration applications of information mining for disaster reduction from web
have been gradually carried out. The focus of the applications is mainly in two aspects: emergency response and rescue,
early warning and risk analysis. For example, the RESCUE program, funded by the National Science Foundation
(NSF), searches and downloads relevant web information from various sites, and then obtains the information on the
affected population, relief materials and disaster event progress through information extraction technology, and
evaluates the disaster losses (Ma, 2007). The DRH project launched by Japanese scientist Hiroyuki Kameda proposed
the idea of disaster reduction technology and knowledge sharing platform based on Web construction (Hiroyuki,2006).
In the face of the network disaster data with "multi-source, large volume, complex content and real-time"，the
traditional data acquisition and processing technology is difficult to meet the actual needs. Moreover, there is lack of an
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integrated approach to support real-time integration of Multi-source Geo-spatial Information from Web in order to
facilitate an Rapid Emergency Response. In view of the problem, in this paper we propose a multi-source geo-spatial
information acquisition and integration method for disaster reduction. we can achieve the on-demand aggregation and
classification cleaning of multi-source geo-spatial information for disaster reduction by developing a new web focused
crawler system, and implement the aggregation and duplicate removal of heterogeneous geographic entities based on
semantic similarity calculation.

TECHNICAL ARCHITECTURE
In this section, the key technologies of Geo-spatial information acquisition from web and multi-source information
integration are described based on the existing technology (Yang, 2007) and our recent research results. Figure 1
illustrates the modules and interactions between them.

Data visualization
News

... ...

Blogs

GIS
database

Information collection

Multi-source information
integration

Raw data
Topic

POS tagging

Spatial
Temporal

Information extraction

Events

Rule base

knowledge base

Extracted database

Figure 1. Technical Architecture

Information Collection and Access
This module is mainly to achieve the acquisition and storage of information from multiple online information sources (
news, blogs, satellite images, GIS databases, etc.) . It can provides the parallel and real-time visit to the websites and
obtains initial pages through web crawler tools.
Conventional search engines (General search, Meta-search Engines, etc.) can search for texts, pictures, videos and other
information, but can not deal with rich geographic semantics and spatial relationships. Therefore, developing a special
geographic information Web retrieval system is an effective way to retrieve a large amount of geographic information
on Web. In order to achieve the spatial data crawling of vertical web and deep web, this paper designs a multi-strategy
parallel method for multi-source spatial data acquisition. The detailed technical process is shown in Figure 2.

56

Proceedings, 7th International Conference on Cartography and GIS, 18-23 June 2018, Sozopol, Bulgaria
ISSN: 1314-0604, Eds: Bandrova T., Konečný M.

MongoDB spatial
database

Web multi-source
spatial data
Task scheduling
module

GeoJSON
storage model

We

Asynchronous I/O
strategy parallel
downloading

br

equ

est

Data download
module

Multisource spatial data
acquisition system

Remote
submission

sp

tex

t

Spatial data parsing
engine

se

Multi-thread
parallel parsing

on

Standardized
documents

Re

REST data
management service

Figure 2. The technical process for automatic acquisition of multi-source spatial data
The prototype system (NetCrawler), based on the. NET 4 framework, combines asynchronous I/O model and multithread parallel strategy to improve the efficiency of Web spatial data downloading and parsing. After getting the
required Web data, the spatial data parsing engine based on template mapping is invoked to realize the parallel and
efficient parsing of multi-source heterogeneous spatial data in Web. Then, the generated standardized XML document is
submitted to the remote data storage service through a data submitted thread. The obtained result document is organized
into a standard GeoJSON object, stored in the MongoDB spatial database, and the index is set up to complete the whole
data acquisition and management process. The system mainly includes four parts: multi-source spatial data crawling
module, heterogeneous spatial data parsing engine, error logging module and system setup module.

Information Extraction
The purpose of information extraction is to automatically extract structured information from unstructured or semistructured documents. There are abundant disaster related geospatial information in the internet. Taking a large amount
of Web texts as the data source, extracting structured disaster related information involving disaster events, time, space
location and scope, direct loss and secondary impact, and cause of disaster automatically is of great significance for
disaster research and risk reduction. In this section, we will introduce our research on information extraction from four
aspects of location extraction, time extraction, event extraction and Map images semantic classification. The detailed
extraction process is shown in Figure 3.
Disaster document
or Web page

Event detection

Word segmentation

POS tagging
Event type
identification

Location
extraction

Event element
identification

Time
extraction

Spatiotemporal change tracking

Figure 3. The process for information extraction
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Location Extraction
The purpose of location extraction is to identify the place name address or geographic entity, such as administrative
division, organization, gate address, and so on, from the web text data. In view of the structural characteristics of web
texts for disaster events, this paper proposes a location extraction method based on Prefix suffix feature words and
rules. The detailed steps are as follows:
1.

Remove the meaningless characters and special symbols in the web text, and build the prefix and suffix feature
lexicon of the address.

2.

Combining the multi-layer address expression model and the address reference library, the Chinese word
segmentation, semantic analysis and the pre suffix identification technology of the address are used to realize
the automatic identification and extraction of the address for the web text information.

3.

Combined with a variety of open source geocoding API services, the spatial location statistics inference is used
to realize the precise location and expression of disaster oriented events.

Time Extraction
In natural language, the description of time information is usually expressed by words, phrases, and syntax, so the
recognition process needs to refer to the corresponding dictionary and grammar rules (Zhang, 2014). This section
combines the trigger words with the rule model to realize the time information analysis in Chinese text. First, by
analyzing and summarizing the description characteristics of temporal information in Chinese texts, the temporal
lexicon dictionary and the time information description library are constructed. And then, the time information
normalization expression and semantic inference algorithm are designed to realize temporal information analysis. This
process can be regarded as the three level information extraction and filtering process of temporal semantic role
labeling, phrase recognition and syntactic pattern matching.

Event Extraction
Event extraction not only probes the types of events and identifies the basic elements of events (time, place, role and
behavior), but also pays more attention to the temporal and spatial evolution of events from occurrence to extinction.
Therefore, geographical events extraction includes event type identification, event element identification and
spatiotemporal change tracking. Event type are usually judged by triggers. In this study, we use the weighted LDA topic
model to extract and classify disaster events, establish the disaster event topic feature knowledge base, and then, use the
SVM text classification algorithm to realize the type identification of disaster events. Event element identification can
be achieved by constructing the knowledge framework for disaster events (Fan, 2018). Spatiotemporal change tracking
is mainly to analyze the trend and characteristics of temporal and spatial distribution of disaster events. The specific
process is to detect the events of the same topic, integrate the information of multiple events, and then build the change
trend maps of time and space according to the time continuation or space transfer of the event (Jannik, 2010).

Map images semantic classification
The map images contain abundant geo-spatial information, such as location information, contour lines, buildings, and
water. Extracting these information from the map images can support a variety of applications and research fields. Due
to a large number of images on the web are not map images, fast and effective identification of the map images, is an
important step in the mining of geo-spatial information in map images. In this paper, convolution neural network is
introduced into the recognition of map images to realize automatic semantic indexing of web map images. We use the
geo-spatial information vertical search engine to capture the images on the Internet, and obtains the training samples by
combining self learning and manual annotation. Then, the training samples are used to train the convolution neural
network to obtain the deep fuzzy features of the map images. After building the classification model of the map, the
captured image is indexed and the result is returned to the picture library. Experiments show that the method can
quickly and effectively identify the map images on the Internet.
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Figure 4. The process of Map images semantic classification

Multi-source Information Integration
On the one hand, production of data from different sources is relatively independent, and the information standards and
data processing requirements used during different production are different. On the other hand, different data
acquisition approaches and times are also different (Alamdar F, 2016). Therefore, the data from multi-sources may differ
in position, attribute, etc., which results in inconvenience in the application of these data. Therefore, data from different
sources need to be fused ahead of application. This study aims for emergency response, multi-source information are
integrated at the following levels:

Location Integration
On Internet, it’s unknown or heterogeneous in spatial reference, and data is published in encrypted form, which lead an
inconsistency in location for data from different sources. The traditional location integration methods like spatial
reference transformation, affine transformation processing, correction table based approach, open API based approach
are difficult to effectively achieve location integration of multi-source geo-spatial data on the Internet environment.
Therefore, this study proposes a consistency processing method based on geographic grid and quadratic multinomial
transformation. Consistency processing is implemented locally for each unit in geographic grid, through which global
approximation revise of nonlinear excursion can be received. Moreover, we present a method for grid automatic
construction and control point generation based on iterative detection. Automatic generation of geographic grid unit can
come true under given error threshold. Experiment shows that this method can better match position of multi-source
geo-spatial data. The details of location integration of multi-source geo-spatial data are shown in Figure 5.
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Figure 5. Process of location integration

Attribute Integration
The production of data from different data sources is independent, and the classification, gradation and description of
elements are different. There are great differences in the attribute expression of the same geo-spatial target in different
information sources. For example, many words represent the same concept, or different structures denote the same (or
similar) information, or the same concept expresses different meanings in different information sources. In addition,
because of the lack of unified POI classification standards at the present stage, the classification information name and
the contained semantic information are not exactly the same, which is inconvenience to match and compare the POI
data. Attribute integration can be generalized as two aspects: attribute information fusion and category mapping.
Attribute information fusion: Fusion of attribute information from different sources of the same geo-spatial target can
avoid shortage in information and unavailability of a single data source. To achieve the fusion of multi-source data
attribute information, similarity measure for describing information should be built first. Here, the similarity of
describing information is measured mainly based on vector space model (VSM) and word co-occurrence model. The
text is represented as a space vector by VSM. Different words composing the text are given a certain weight based on
word co-occurrence model (Wang, 2011), cosine of angle between two vectors reflects the similarity between two
descriptions.
Category mapping: Different classification system and category description method lead to inconsistency of multisource POI’s categorical attribute. To solve this problems, we proposes a mapping method based on Formal Concept
Analysis. By using chinese text segmentation and synonym merging method, the semantic factors are extracted and
optimized, and the background matrix for multi-source POI classification can be formed. Then the improved Chein
algorithm is used to realize the automatic generation of the concept lattice of the POI classification system. The
experiment shows that conversion and mapping of heterologous POI classified information can be effectively
implemented by Formal Concept Analysis method.

EXPERIMENTAL DEMONSTRATION AND VISUALIZATION
Based on .Net framework, we have developed a visual platform for web Geo-spatial Information acquisition and
integration. We have designed a new visual crawling engine to achieve efficient access to geo-spatial information from
web (Figure 6). Figure 7 shows the crawling task management tracking portal, which is mainly used for crawling task
creation and crawling status tracking.
As shown in Figure 8(a), we provide the location consistency processing tool for multi-source geo-spatial information
from Web, which supports the conversion of multiple coordinate systems, and accepts various types of input data such
as shp、dbf、xls、txt. Taking the two bus stations of "Taiping Road East" and "Jinjiacunqiao North" in Beijing as an
example, the position offset before correction is more than 500 meters. When the spacing of grid processing units is set
to 30 points and 15 points, the maximum position offset is reduced to 30 meters and 18 meters respectively (Figure
8(b)). In addition, we have also developed a consistency processing tool for categorical information of multi-source
POI, which supports mapping and conversion of heterologous POI classified information and POI information
extraction across web sites (Figure 9(a)). For instance, based on the classified information conversion and mapping
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system, a total of 25438 agricultural trade markets around china were extracted from the resources database of 90
million POI, which were provided to relevant departments for the analysis of influenza transmission routes (Figure
9(b)).

Figure 6. Visual crawling engine

Figure 7. Crawling task management tracking portal

（a） location consistency processing

（b） The result when grid spacing is 30 minutes

Figure 8. multi-source geo-spatial information location consistency processing

（a） conversion and mapping of classified information （ b） data analysis results of the major farmers' market
Figure 9 Consistency processing for categorical information of multi-source POI
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CONCLUSION
After disaster, accurate, timely and reliable disaster information and available disaster relief resources information play
a key role in rescue decision-making. How to use network geographic information to acquire relevant technologies and
transform massive and heterogeneous information into decision making action information is particularly important.
This paper has described current technology and our work on multi-source geo-spatial information acquisition and
integration for disaster reduction. Experiments show that our method can be effectively applied to disaster emergency
management and enhance disaster information service level. In the future research, we will face greater challenges in
the field of information extraction, multi-source data Integration and application.
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Abstract
The aim of this study is to develop an algorithm for the calculation of Maximum Inscribed Circle (MIC) that can be
placed within a polygon feature (PF) by using Free and Open Source Software (FOSS) for GIS. Compared with other
parameters developed for PFs, there is no simple algorithm for the computation of MIC for different PFs. The
algorithm developed in this study for the computation of MIC is based on the Voronoi diagrams and analytical
geometry equations. The algorithm developed for the approximation of MIC can be applied to both convex and concave
PFs. For the implementation of the algorithm, Eclipse IDE platform and OpenJUMP libraries written in Java is used.
What is evident from the various runs of the script produced on the base of the algorithm for a set of regular and
irregular PFs is that it is successful in finding MIC.
Keywords: Maximum Inscribed Circle, Algorithm, Vector Data, Free and Open Source Software for GIS

INTRODUCTION
The aim of this paper is to develop an algorithm for the calculation of MIC that can be placed within a polygon feature in
vector data format by using FOSS for GIS. MIC is used in a wide range of fields, ranging from cartography (Shen et al.,
2015; Sun, 2016), planning (Walz and Schumacher, 2005; Li, Goodchild, and Church, 2013; Brezina, Graser, and Leth,
2017) and geology (Powers, 1953) to biology (Tsygankov et al., 2014), military-security (Cheng, Li, and Zhu, 2012), and
engineering applications (Meng et al., 2011; Liu et al. 2016, 2016; Li and Shi, 2009). Compared with other parameters
developed for polygon features (PF), there is no simple algorithm for the calculation of MIC for different PFs. As it is
suggested in various studies (Petrík et al., 2009; Shen et al., 2015; Sun, 2016), the Voronoi diagrams can be used for the
calculation of MIC. Parallel to these suggestions in the algorithm developed in this study, Voronoi diagrams are effectively
used. If it is assumed that MIC should be tangent to at least three edges of a PF (Sun, 2016) (though under certain conditions
it can be tangent to only two edges), it follows that analytical geometry equations can also be effectively used for the
calculation of MIC. Within this context, the algorithm developed for this study is composed of a number of sub-components;
1.

Extraction of the points that are candidates for being center of MIC by using Voronoi diagrams,

2.

Calculation of the first candidate point that can be used as the center of MIC,

3.

Detection of the centers of the cores that may be used for the approximation of the center of MIC,

4.

Processing of each core in order to approximate MIC of PF by using analytical geometry equations created on
the base of the candidate points, and

5.

Selection of the best circle calculated by using all possible cores and stages of analytical geometry equations in
order to approximate MIC.

Each of these sub-components is elaborated in the subsequent parts of the paper in separate sections. After elaboration
of these components and discussion of the results of the running the script created in OpenJUMP (2018), a FOSS for
GIS, to implement the algorithm in comparison with other software alternatives, we draw on some concluding remarks.
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EXTRACTION OF THE POINTS HAVING POTENTIAL FOR BEING THE CENTER OF MIC
For the extraction of the points that are candidates for being the center of MIC, Voronoi diagrams are created for the set
of points located along PF subject to the calculation. For this purpose, in the algorithm (Figure 1) firstly, vertices of PF
are extracted and stored in an array list (as) by creating mid-points and, if necessary, extra points between the couple of
points forming the edges of PF.

Figure 1. MIC algorithm developed in the study.
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Placement of extra points between the couple of points is based on a set of conditions. The first condition is related to
the average length of the edges of PF. If it is above a pre-defined level, extra points are placed along the edge
concerned. In addition to this condition, the ratio of the width of the Minimum Enclosing Rectangle (MER) to the
height of the MER and the ratio of the area of the MER to the area of PF are also used in order to place extra points
along the edges of PF if they are above the predefined levels (18 for the former and 3.5 for the latter).
After creation of as, for the construction of Voronoi edges, existing software libraries in Java Topology Suite (JTS) of
OpenJUMP are used (more particularly VoronoiDiagramBuilder). As each point located along the medial axis of a PF
can actually be considered as a canditate for the center of MIC, in the algorithm the points (points1) that are both
located along the Voronoi edges and covered by PF are considered as candidates for the center of MIC.

FINDING THE FIRST CANDIDATE POINT THAT CAN BE TAKEN AS THE CENTER OF MIC
Finding the first candidate point that can be taken as the center of MIC is actually a max–min problem of maximizing
the minimum distance from an unknown point located along the medial axis of PF to all the edges of PF. Thus, in the
subsequent part of the algorithm (Figure 1), firstly, the minimum distance (R) between each point in points1 and the
edges of the polygon feature is calculated and stored in another array (mindist). Parallel to this calculation, the index
number for the edges closest to the points in points1 is also stored in another array (segment1) for further calculations
that will required to find the center of MIC. Consequently the index number for the point (n1) having the maximum
value in mindist is revealed by iterating over mindist in order to approximate the center (index) of MIC (Figure 2 and
Figure 3). In this process, the objective function used to find the center of best MIC candidate (n1) maximizes the radius
(R) of circle tangent interior to one of the edges of PF (1):

F ( x, y ) = Max{Min( R)} (1)
Parallel to this, the index information (n1) for the edge closest to the point represented by index is also calculated. At
this stage, the point represented by index is actually a good candidate for the center of MIC.

Figure 2. Sample polygon and first candidate for MIC (n1).
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Figure 3. The first approximation for the center of MIC based on the points located along the medial axis.

UNCOVERING THE POTENTIAL CORES THAT MAY COVER THE CENTER OF MIC
Depending on the shape of PF there may be more than one core that should be used in the approximation of the center
of MIC (Figure 4). Thus, in the algorithm all cores lying along the medial axis are considered in the calculation of MIC.

Figure 4. An illustrative example for multiple core problem (a polygon feature having three remarkable cores).
As it can be followed from the algorithm (Figure 1), for this purpose, firstly the closest point (n2) in points1 (yellow
points in Figure 4 along medial axis) to n1 is found. The objective function for the respective point can be given as below:

F ( x, y ) = Min(d

) (2)
i,n1

where di,n1 stands for the distance between the point concerned in points1 and n1.
And then all the points in points1 is checked against whether the distance between them and the edge closest to them
(Rodi) is more than the distance between n2 and the edge closest to it (Rn2). The respective set of points fulfilling this
condition are stored in an array (canodak) and considered to have the potential to represent the centers of the cores. The
points in canodak are further processed in order to find the centers of the cores. For this purpose, we iterate over the
points (od) in canodak and find the points that are not included within the circle drawn around n1 and subsequently
other core candidates. These points are stored in a new array (cod) representing centers of possible cores:
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s

cod {x, y} =  od i for
i =1

Rod > Rn
i

(2)
2

where s stands for the total number of cores.

PROCESSING CANDIDATE POINTS IN ORDER TO APPROXIMATE BEST MIC
In addition to the employment of Voronoi diagrams and subsequently medial axis of PF, for each core, analytical
geometry equations are also used for the approximation of the best center for MIC that must be tangent to at least three
edges of PF because it is known that on a 2D plane three non-collinear points define a circle (though under certain
conditions it can be tangent to only two edges). Thus, if the circle drawn around n1 is tangent to only one of the edges of
the polygon feature, it means that it may not be the maximum inscribed circle (see Figure 2 and Figure 3). Thus, further
considerations are required to find the actual MIC that should be tangent to at least another edge of PF concerned.
Assume that in Figure 3, n1 is the point identified by index and a is the closest edge of the polygon feature to n1. If n2 is
the closest point to n1 compared with the other points located along the medial axis and c is the closest edge of the
polygon feature to n2, a better candidate for the center of MIC should lie between n1 and n2, and the circle drawn around
it (with a radius d1) should be tangent to both a and c (Figure 5 and Figure 6). The condition for being tangent to both a
and c reveals that the respective point (x1, y1) lies at the intersection of b and the angle bisector of the angle formed by the
extensions of lines a and c.

Figure 5. Sample polygon and second candidate for MIC (green circle drawn around the green point between n1 & n2).
By using the formula for a line, the intersection point (x1, y1) can be easily calculated. For this purpose, firstly, the index
number for the point (n2) located along the Voronoi edges and closest point to n1 is calculated and stored in a variable
(indet1). The index information (n2) for the edge closest to the point represented by indet1 is also calculated.
Subsequently, the intersection point of a and c (xi, yi) is calculated by constructing the required equation. After calculating
the slope of the line going through the angle bisector of the angle formed by the extensions of lines a and c, the intersection
point ((x1, y1) on Figure 6) of the respective line and line b is calculated for the second approximation of the center of MIC.
The same calculation is also done for the furthest point in points1 from the closest edge of PF to the core (Figure 1).
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Figure 6. The second approximation for the center of MIC based on the intersection of b and the angle bisector of the
angle formed by the extensions of lines a and c.
If the circle drawn around (x1, y1) is tangent to only two of the edges of the polygon feature, it may not be tangent to a
third edge of PF and it may actually overflow the boundaries of the PFs. In other words, it means that it may not be the
maximum inscribed circle (Figure 5 and Figure 6).

Figure 7. Sample polygon and third candidate for MIC (blue circle drawn around the small blue point).
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Thus, further considerations are necessary to find the real MIC (Figure 7). Assume that in Figure 8, a, c and d is the first
three closest edges of the polygon feature to the point (x1, y1). A better candidate (x2, y2) for the center of MIC should lie
at the intersection of the angle bisector of the angle formed by the extensions of lines a and c, and the angle bisector of
the angle formed by the extensions of lines d and c (Figure 8).
n5
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(o2,p2)
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d
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Figure 8. The third approximation for the center of MIC based on the intersection of the angle bisector of the angle
formed by the extensions of lines a and c with the angle bisector of the angle formed by the extensions of lines d and c.
For concave polygons, given the fact that MIC may not be tangent to a, c or d because of the geometric properties of
polygons concerned, some further consideration is actually required in the algorithm. Indeed, sometimes MIC may not be
tangent to edges but touches their ending nodes. In this particular case, the line passing through the respective node and
tangent to MIC should be taken into account in the calculations made for the approximation for the possible centers of MIC.

SELECTION OF BEST MIC ON THE BASE OF POTENTIAL CORES
In both the second and third approximation for the center of MIC, the resulting MIC should be checked against whether
or not it is fully covered by the polygon feature and it is the biggest one compared with the others already calculated.
This comparison should also be done for different cores subject to the analysis. The script produced for the calculation
of MIC based on the algorithm developed in this paper takes all these considerations into account together with the fact
that MIC may not be tangent to edges of PF but touches their ending nodes.
For the selection of the best MIC, built-functions (particularly spatial predicates such as “within”) available in JTS have
been actively used. If all the MIC candidates are within PF, the one having the largest area is designated as MIC. Those
candidates not completely covered by PF are omitted from the comparison operation. For example, the second
candidate for MIC calculated for the sample polygon used in this study in Figure 7 is not fully within PF concerned.
Thus, it is omitted from the comparison operation.

RESULTS OF THE RUNNING THE SCRIPT CREATED TO IMPLEMENT THE ALGORITHM IN
COMPARISON WITH OTHER SOFTWARE ALTERNATIVES
In order to test the algorithm, the script created for the implementation of the algorithm has been run for a set of a regular (A)
and irregular & complex (B) PFs in OpenJUMP (2018). Some of the results obtained after running the plugin can be seen in
Figure 9. The actual spatial database used for irregular & complex PFs cover 491 PFs (mostly concave). Thus, only a limited
set of them is given in Figure 9. Nevertheless, in Table 1 created for the comparison of performance of the script produced for
the algorithm developed in this study with some other software programs and scripts having capability to calculate MIC, the
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statistics are based on the whole set of irregular & complex PFs. MIC function is called with various names in the respective
software programs. In LayoutEditor (Thies, 2018) originally created in order to edit designs for MEMS (Micro-ElectroMechanical Systems) and IC (Integrated Circuit) fabrication, it is called as “Biggest Inner Circle” (BIC) that is available under
“Shape Utilities” menu item. In Flowmap (2013) produced for the analysis of spatial relationships, it is called as “Largest
Inscribed Circle” (LIC) that is available under “Point in Polygon Analysis” menu item. In SAGA (2018), it can be calculated
via “Largest Circles in Polygons” (LCP) tool available under “Tools Chains” menu item. Since the result of the respective tool
involves more than one circle for a PF, the largest circle can be selected by comparing the all the circles calculated by the
software with each other. In GeoWizard (2018) extension for ArcGIS Desktop, MIC is available as a tool under
“Miscellaneous” menu item. The hardware configuration and operating system of the computer used for performance test is as
following; a quad-core processor with 2.66 Ghz frequency and 16 GB of RAM on 64 bit Windows 10 operating system.

Figure 9. Various runs of the script for a set of regular (A) and irregular and complex (B) polygon features.
As it is evident from Table 1, MIC script produced for OpenJUPM and MIC tool available in ET GeoWizards are more
successful in finding MICs compared with other software programs. For only 8 and 7 PFs, calculated MICs ignorably
overflow or touch the boundaries of PFs concerned, respectively in OpenJUMP and ET GeoWizard. Overall for all the
MICs calculated by using the respective plugins, more than 99.99% of area of the MICs concerned are contained within
the boundaries of the PFs. Nevertheless, in the case of Flowmap, calculated MICs overflow the boundaries of the PFs
concerned for more than 370 PFs even though the script was also run in “Slow & Accurate” mode (in Flowmap there are
different options for the calculation of MIC; (1) Quick & Dirty, (2) Intermediate (default option), (3) Slow & Accurate,
and (4) Super Slow & Perfect (almost)). In Flowmap, at most for only 33% of the PFs, more than 99.99% of area of the
MICs concerned are contained within the boundaries of the PFs if it is run in Intermediate or Slow & Accurate modes.
LCP tool in SAGA also requires a resolution value to be specified. For higher values, no result is obtained for small PFs.
However when it is set to 1 meter, it takes more than 10 hours to obtain the results. Compared with the other software
programs, BIC in LayoutEditor has the best performance in speed. The accuracy of MICs calculated by LayoutEditor is
also satisfactory. Nevertheless, it could not properly read and write GIS data formats generally used in GIS software
programs. In order to test the performance of the software concerned, files have been saved in SVG format. Other options
(such as DXF) did not work in LayoutEditor. In order to compare the results of BIC utility in LayoutEditor with the
results of other software scripts, the results concerned are rescaled to their original coordinates.
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Table 1. Comparison of MIC script produced for OpenJUMP with some other software programs and scripts.
LIC in FlowMap

Compared
Charachteristics

MIC
script in
OpenJUMP

BIC
utility in
LayoutEditor

MIC
tool in ET
GeoWizards

LCP tool
in SAGA

Intermediate

Slow &
Accurate

Number of MICs
completely covered by
their PFs

483

347

484

368

116

96

Share of PFs covering
more than 99.99% of the
area of their MIC

100

100

100

80.86

32.99

31.57

Number of MICs
overflowing or touching
the boundaries of their PFs

8

144

7

123

375

395

Speed of the script

10 seconds

2 seconds

48 seconds

12 hours

115 seconds

19 min.

For the comparison of performances of the MIC algorithm developed in this study and MIC tool in ET GeoWizard,
another table is prepared. With this intention, for each PF, the radius of the MIC computed by the script created for this
study (rmicoj) is compared with the one calculated by ET GeoWizard (rmicet) in order to obtain a comparison parameter
(comp). Subsequently, if rmicoj is greater than rmicet, value of comp is set to (rmicoj - rmicet)*100/rmicet. If rmicoj is smaller than
rmicet, value of comp is set to (rmicet - rmicoj)*100/rmicoj. Lastly, the number of PFs is counted according to the intervals
defined for the value of comp and shown in Table 2.
Table 2. Comparison of MIC script run in OpenJUMP with ET GeoWizards’ MIC tool.
Intervals for
comp

Irregular & Complex - Concave PFs

Convex Regular PFs

rmicoj > rmicet

rmicoj < rmicet

rmicoj > rmicet

0 < comp < 0.5

227

11

11

0.5 ≤ comp < 1

220

5

16

1 ≤ comp < 2.5

26

-

1

Total

473 (96.33%)

16 (3.67%)

28 (100.00%)

What is evident from Table 2 is that, for all of the convex regular PFs and 96.33% of the irregular & complex PFs, the
MIC calculated by the script created for the algorithm developed in this study is larger than the one calculated by MIC
tool in ET GeoWizard, which unveils that the MIC algorithm developed in this study is not only faster but also more
successful in finding MIC compared with the alternative software.

CONCLUDING REMARKS
What is evident from the various runs of the script produced on the base of the algorithm developed in this study for a
set of regular and irregular complex polygon features is that it is successful in finding MIC compared with the existing
scripts and software programs produced for this purpose or having a functionality for the calculation of MIC.
Particularly, compared with the other scripts and software programs integrated into a GIS environment or having
capability to read and write geographic data, the algorithm created for the calculation of MIC in this study is both faster
and more accurate. Thanks to the existing libraries in FOSS for GIS, the algorithm developed in this study could easily
be implemented in OpenJUMP as a plugin by benefiting the libraries concerned (such as the ones for the creation of
Voronoi diagrams and spatial predicates in JTS). Without the availability of the libraries created by FOSS community,
it would not be possible for this study to solely focus on the perfection of the algorithm developed to find MICs of PFs.
The algorithm developed in this study will be available as a plugin in OpenJUMP. Yet, some further adjustments are
required in n2 parameter in order to better approximate the center of MIC. This is designated as one of the topics that
can be addressed by the future studies aiming at finding MIC. Development of morphometric parameters for PFs is
another important topic for future research trying to understand the nature of spatial configurations at different scales.
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Abstract
In recent years, geospatial big data has aroused great concern of industry, university, research and government
departments, and even triggered many changes in the industry. The technology of government geospatial big data
service for comprehensive decision-making provides a new means for the government to elaborate management and
decision-making. In this paper, the business process and overall architecture of government geospatial big data
services for comprehensive decision-making are put forward. What’s more, the application of government geospatial
big data service, which is oriented towards comprehensive decision-making, is mainly introduced, and the trends of
government geospatial big data are analyzed from storage management, data integration, decision analysis,
application services and other aspects, so as to promote the deep development and application of geospatial big data
technology in e-government information resources.
Keywords: Geospatial big data; E-government; comprehensive decision-making; Geographic Information Service

INTRODUCTION
With the intergration of information technology and socio-economic, big data has gradually become a strategic resource
for social development and has attracted widespread attention from various industries[1-3]. The use of big data promotes
economic development, social governance and government services. Regulatory capabilities are becoming global
trends. E-government is an important indicator of the ability to measure national management and decision-making. The
government departments at all levels in China are striving to fulfill the basic functions of economic regulation, market
supervision, social management, and public service, which are more effective through e-government. E-government is
the product that combins information technology development and government system reform. It can not only realize
the optimization and reorganization of the government’s organizational structure and work flow, but also realize the
automation of the government’s internal office, scientific decision-making, service network, and resource sharing. It
also helps establish an electronic interactive channel between the government and the public to promote the national
economy and social information[4-6].
Geospatial data is a basic and strategic information resource of the country. It is not only an indispensable part of egovernment, but also an important carrier of government affairs information and a basic framework for the integration
of e-government resources. It can meet the requirements of integrated management, retrieval, analysis and service for
government affairs information and geographic information services in E-government[7]. The government's refined
management and decision-making cannot be separated from the support of geographic information and big data
technology. The technology of government geospatial big data has become a powerful tool for all levels of government
departments to conduct business management and macro analysis decisions.
Government geospatial big data is oriented to government affairs information management and government
comprehensive decision-making. It comes from a variety of sources, including unstructured or semi-structured data,
such as office document, , report, image, audio and video. It also includes structural geospatial data such as remote
sensing image, navigation and positioning data, and electronic map producted by professional departments. At the same
time, the large data of the government geographic space covers the macroscopic and microcosmic data of different
granularity. And big data from different government departments are fragmented. Based on the demands of the serviceoriented governments, this paper puts forward a business process and a overall structure of government geospatial big
data services for the comprehensive decision-making. This paper introduces the application of government affairs
geospatial big data services for comprehensive decision-making, and analyzes the development trend of geopolitical
geospatial big data from several aspects, such as storage management, data integration, decision analysis, application
service, etc..
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THE BUSINESS PROCESS OF GOVERNMENT GEOSPATIAL BIG DATA SERVICE
In response to the urgent need of the construction of service-oriented government and national fine governance, we
have focused on the bottlenecks and challenges of the national e-government space decision-making services. With the
goal of providing services for government spatial information decision-making based on big data technology, the
business process of government geospatial big data service for comprehensive decision-making is constructed, which
covers the geographic information service flow of the geospatial big data aggregation, integration, analysis, and service.
The business process of government geospatial big data service is shown in Figure 1-1. It uses a multi-type and multigranularity automatic exchange method of geographic information to realize the automatic convergence of massive,
multi-source, heterogeneous departments and local data resources. It also solves the problems of cross-regional and
cross-sectoral governmental geospatial data exchange and convergence. We use index classification, text mining,index
building, integrated, and cleaning methods to build a dynamic database of multi-sourced government information
resources. The use of depth-analysis technology in government geospatial big data are used to solve the problems of
spatial features and rules extraction, temporal pattern analysis, topic-oriented spatial assistance decision-making model
for efficient construction and other problems. Based on the self-developed analysis platform. We provide thematic
information services and subject information services for users at different levels, including countries, departments, and
localities, and improve the technical support capabilities and qualities of government geospatial big data for government
management and decision-making services [8-12].
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Figure 1-1 The business process of government geospatial big data service

THE OVERALL FRAMEWORK OF GOVERNMENT GEOSPATIAL BIG DATA SERVICE
Combined the need on knowledge-based service through the processing of government decision-making, and based on
the frame of streamed geographic computing, the full-process-spatial-decision-service platform[13-14] was researched
independently, which supports synergetic data aggregation, data analysis and synergetic information service, and
achieved the construction of multilayer spatial model base, depth analysis of multisource fusion data, the simulation of
multi-scale-related spatial scene and multi-topic target synergetic decision-making. The overall framework of
government geospatial big data service is shown in figure 2-1, and something about government geospatial big data
service, such as the integration, the analysis platform and the application, are mainly included.
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Data source layer
Through data integration treatment, such as extract and transformation, data source layer provides the basic of spatial
location to thematic data, meanwhile, the basic geospatial data is offered to the construction of government geospatial
big data analysis platform. Data source layer consists of geospatial data, non-spatial data and internet data.
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Figure 2-1 The overall framework of government geospatial big data service

Data aggregation layer
Data aggregation layer converges various kinds of information, such as legal entity, population, macro-economy, basic
agricultural condition, national condition and other government information, by endowing spatial government
information. Government information is connected with geographic information. Finally, the government thematic
geospatial database is organized.
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Big data center
By using government geospatial big data storage management platform, we construct data classification system and
build basic geographic national condition storehouse and global strategic basic geographic storage, etc. Big data layer
achieves the hierarchical classification of multi-resource and heterogeneous government information resource, and
gives united supporting on government geospatial big data analysis platform.

Application support layer
This layer is responsible for some important tasks, such as data computing, statistical analysis, mining simulation etc.
By using paralel computing engine, spatial operating engine, spatial big data statistical analysis tools, spatial analysis
tools, spatial big data mining tools and spatial big data simulation models, etc., rich computing and analysis
functionality is provided to upper application. Application system can be built fleetly by service basic tools, spatial data
allocation tools, visualization display components, map service engine and thematic analysis tools, etc.

Application layer
To mainly confront macro-decision from country, departments and local officials, application layer provides internet
data service and some kinds of data, such as basic geographic framework data and government geospatial data, analysis
result about geographic national conditions is also provided. Thematic analysis service including spatial analysis about
integrated development of Beijing, Tianjin and Hebei, comprehensive analysis on Yangtze river economic zone, one
belt and one road’s spatial information analysis and comprehensive application analysis that face hot issues are
provided. The special subjects about integration and analysis service are also offered, which cover social data and
economic activities data such as housing prices, public services and disaster management. Hidden knowledge will be
mined while social and economic information situation analysis service that face to the public will be provided.

THE APPLICATION OF GOVERNMENT GEOSPATIAL BIG DATA SERVICE
Based on the big data analysis platform of government geospatial, the applications of government geospatial big data
service focus on different aspexts, including regional economic development, disaster prevention and mitigation,
ecological environment monitoring, emergency management, national defense construction, and other government
priorities. Various degree of geospatial big data service application practices have been implemented at different levels,
including the national, departmental, and local levels. These applications provide the disaster prevention and mitigation,
resources and environment, social economy, strategic resources, urbanization expansion and other aspects of the
auxiliary decision-making services, and play an important role in resource integration, analysis and evaluation, assisted
decision-making and other aspects.

Government Geospatial Big Data Analysis Service System
The geospatial big data analysis service system for government decision-making is based on the National Bureau of
Surveying and Mapping of Geographical Information, which serves the General Office of the State Council and related
government departments service technology, data and application for 20 years. Under the existing massive basic
geographic information data and comprehensive government information, and the requirements of the government's
comprehensive decision-making on the intelligence, knowledge and personalization of geographic information,
parallelized spatial analysis based on MapReduce, spatial structure analysis Exploratory Spatial Data Analysis (ESDA),
entity-oriented time series analysis and spatial trend discovery, and spatial data correlation and impact analysis based on
multi-model intersection, this paper focuses on internet geographic information acquisition and mining, based on user
behavior analysis of geographic information service actively geospatial spatial data comprehensive analysis of mining
technology. The Hadoop framework is used to develop a geospatial big data analysis service software, which consists of
geospatial big data integrated storage, management and maintenance, analysis and mining, associated services and other
subsystems. Relying on the e-government intranet, based on geospatial big data, carried out on-line analysis and
demonstration applications of government affairs information on social and economic, resource and environmental
topics.
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(a)The spatial distribution of polluting
enterprises in Baoding

(b)The concentration division of the
polluted enterprises in Baoding

Figure 3-1 cluster analysis of pollution enterprises in Baoding
Figure 3-1 uses the data of 9045 polluted enterprises in Baoding city of Hebei in 2015. We divide the gathering place of
the pollution enterprises in Baoding, and distinguish the types of the collective of the polluted enterprises. Then we
provide the decision support for the government to govern the polluted enterprises and to implement the corresponding
policies. Figure 3-2 analyzes the population change, age structure, gender distribution, and air quality analysis of
Beijing, Tianjin and Hebei. By analysing the 2015 population data of Beijing-Tianjin-Hebei, and the space-quality data
from January 2015 to November 2016, this paper provides scientific decision support for the integrated cooperative
development of Beijing, Tianjin and Hebei. Figure 3-3 is the integration technological process of government
information resources, Figure 3-4 shows the integration consequence of a large number of corporate data, population
data, and geospatial data, reflects the distribution of regional companies and population, and provides important
reference for the formulation of regional socio-economic development planning and related government decisionmaking.

(a) The Spatial distribution of population
in Beijing, Tianjin and Hebei

(b) Spatial distribution of air quality in
Beijing, Tianjin and Hebei

Figure 3-2 The spatial analysis of the integration of Beijing, Tianjin and Hebei
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Figure 3-3 The technology process of government information resource integration

(a) Corporate legal data

(b) Population data

Figure 3-4 Integration of Government Information Resources

Discovery and integration of internet multi-source government information
The application of internet multi-source government information are used in many aspects, the discovery and extraction
of various information resources such as national economy, social development, natural disasters, and public opinion of
society from the internet; integration with the “Map World” public service geographic information; dynamical
reflection of economic, disaster, and social conditions of China on the digital globe; and automatic discovery, extraction
and continuous update of the government affairs information based on the internet.
Figure 3-5 shows the results of information mining analysis based on internet house prices and landslide geological
disasters. Based on the discovery, acquisition, cleaning, classification and association of information resources such as
basic geographic information, thematic geographic information and government subject information in the internet, the
service of dynamic discovery and continuous integration is realized.

(a)Internet-based house price
information analysis

(b)Internet-based news and public
opinion monitoring analysis

Figure 3-5 Internet-based Geographic Information Mining Analysis
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THE DEVELOPMENT TREND OF GOVERNMENT GEOSPATIAL BIG DATA SERVICE
The era of big data emerges with the developments and applications of technologies such as internet technology,
sensing technology, location service technology, cloud computing, and artificial intelligence. The unprecedented
changes have taken place in aspects of acquisition methods, dissemination efficiency, application deployment methods,
service models, data production and processing methods, target users, etc., thus it makes the geographic information
disciplines, technology and industry in a revolutionary stage of development. "Speaking with data, making decisions
with data, managing with data, and using data for innovation" have become new ways to improve government 's
administrative ability. Government departments have put forward higher requirements for the form, content, and
capabilities of spatial information decision services and bring new opportunities and challenges to government
geospatial big data in decision-making services[15-22].

Dynamic storage management of government geospatial big data
The ubiquity of government geographic information collection will lead to the continuous enhancement of personal
characteristics of geospatial data collection. In the past, because of the high collection costs, technical barriers, etc., the
organized and professional team can only complete the tasks of geospatial data collection. Personalized mobile internet
terminal devices with location collection capabilities allow individuals to record and collect geospatial data. Due to the
ever-increasing data sizes and the real-time/near-real-time demands of network applications, geospatial data is
diversified and dynamic, so the personalized characteristics of spatial data will be strengthened. Personalized geospatial
data collection will change the management mode of geospatial data, that is, from centralized data management to
distributed and decentralized data management. On the other hand, the traditional parallel computing and spatial
database technologies have problems such as poor scalability and single support when storing and managing a large
amount of geospatial data. Therefore, combining MapReduce technology with dynamic storage of large-scale
government geospatial data Management has become a development trend.

Effective integration granularity of government geospatial big data
At present, the granularity of spatial data integration for e-government is relatively coarse, and it is usually completed in
the data layer. With the diversification of geospatial data sources and the increasing frequency of updates, the
granularity of geospatial data integration and management will be continue to refine until the basic granularity of the
original data. The granularity of the large-scale integration of government geospatial big data will enable the data
objects of the application to originate from different data sources. The data granularity will no longer be confined to
some data layers, but will be refined to entities and vertices, i.e. entities in the dataset. Even the vertices originate from
different measurement databases, and the application data sets are formed through integration in real time. Through this
real-time, fine-grained data integration, government-related geographic information applications can use and process
data flexibly to improve the operational efficiency and responsiveness of applications.

Intelligent decision analysis of government geospatial big data
The current spatial information decision analysis is more about passive services such as spatial query, data browsing,
and spatial analysis. It lacks decision analysis for knowledge content and solutions, and cannot actively perceive
changes in user needs; information acquisition, processing, analysis, and other stages. The granularity of the functions is
too coarse to allow functional expansion and integration of multiple technologies, making it difficult to adjust
information combinations and services. Proactive and knowledge-based spatial decision analysis is the inevitable
outcome of spatial information science, decision support technology, and artificial intelligence integration and
development. It is also an inevitable requirement for solving spatial decision problems in complex fields. The analysis
of future spatial decision-making is more and more extensive, and the level is deeper and deeper. It requires the
automatic customization and initiative provision of decision analysis. Knowledge-based, intelligent spatial decision
analysis research will promote spatial information systems from data management and spatial analysis as the main
functions to knowledge management, spatial decision-making as the main function, data-driven transformation to
knowledge and model-driven, and quantitative models. Analyze the transformation of intelligent decision-making
methods based on knowledge, from space information analysis applications to broader multi-domain spatial decision
analysis applications.

Smart service of government geospatial big data
Under the condition of social perception, a large amount of data are generated, managed, and applied in a streaming
manner, challenging the ability of geographic information technology to provide dynamic management, real-time query,
panoramic display, and intelligent service. Distributed, virtualized, and containerized deployment are the development
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directions of government geospatial big data service. Based on a platform that can provide basic data sources and
general application functions, it can develop specific functional services and will become a mainstream of government
affairs geographic information services in the future. It not only can effectively improve the operating efficiency of the
infrastructure, but also can achieve a goal of smooth expansion to flexibly adapt to different application scenarios. From
the perspective of accurate depiction and full expression of the real world, the richness of big data types continues to
increase. Streetscapes, 45-degree strabismus images, and indoor panoramas, etc., convey spatial knowledge beyond the
perspective of traditional map services, and have a good application effect.

Marketing application of government geospatial big data
Government geospatial big data service will be transformed from the business model of selling data and selling software
products to the form of providing subscription services. This is because after the distributed and personal data
collection, centralized geospatial datasets will gradually be overtaken by decentralized datasets. Centralized geospatial
datasets will gradually be overtaken by decentralized datasets. So the sales data will appear in the form of subscription
data, and the model for selling software products will gradually disappear due to the cloudization of software functions.
The traditional geographic information industry's market customers are mainly government and industry users, while
government geospatial big data is aimed at government agencies and industry users as well as individual users. The
market size of government geospatial big data will be greatly expanded. With the transformation and development of
business models, market forces will greatly promote the adjustment of practitioners and practitioners, and further
promote the development of government geospatial big data of application market towards socialization.

CONCLUSION
With the development of geospatial information technology and the wide application of geographic information,
geospatial data has become more prominent due to its large volume, multiple types, and fast updates, using government
geospatial big data technology, the analysis, mining, and service of government geospatial big data has become the
focus of research and application in the field. Based on the summary of research on government geospatial big data in
recent years, this paper introduces the business process, the overall architecture and the application service practice of
government geospatial big data for integrated decision making, and analyzes the development trend of government
geospatial big data, in order to promote the development and application of government geospatial big data technology
in e-government information resources and comprehensively improve government geospatial big data analysis
capabilities.
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Abstract
Landslides are natural disasters which have impact in many areas around the world including the territory of the Republic of Macedonia. In this country, about 300 large landslides are registered, most of which cause serious damage to
the infrastructure almost every year. In that sense, the mapping of sites that are susceptible to landslides is essential for
management of these areas. This is a crucial step to prevent landslides in places where this could be expected or to
minimize its damages. Therefore, an approach of Geographic Information System (GIS) and Remote Sensing (RS) assessment of potential landslides in the area of the Republic of Macedonia is presented in this paper. That is because of
the high impact of landslides on the environment, socio-demographic situation, local economy and especially infrastructure. GIS tools and statistical methods for modeling and simulation allow the application of frequency ratio model
for analyzing the number landslide events in any class of a predetermined set of factors. Selected factors that have the
strongest influence on the landslide activity are lithology, slope angle, land cover (using CLC2012), slope curvature,
distance from rivers and distance from roads. The results show significant area with high landslide susceptibility which
is confirmed with data for the existing landslides. There are two advantages of the implemented model. First this model
uses clear and logical criteria for analysis and the second is based on empirical data about real landslide events.
Therefore, the landslide susceptibility map created with this model provides fairly objective assessment of the landslide
susceptibility within the study area and the results of this research are of great importance because they will speed up
the compilation of landslide inventory map.
Keywords: Landslides, Natural hazards, LSI, Landslide susceptibility

INTRODUCTION
Republic of Macedonia (25,713 km2) is a mountainous country where 2% of the territory is covered by water (lakes),
19% are plains and valleys, and the greatest part of 79% are hills and mountains. Because of frequent changes of mountains and deep valleys (Fig. 1), mean slope of the terrain in the country is very high, 15.2°, with 39.5% of the area
steeper than 15° (Milevski 2015). Hillslopes are mostly composed of erodible crystalline rocks (gneiss, mica-schists,
other schists), sandstones, Neogene lacustrine sediments and river deposits. Climate is semi-arid with 500-600 mm of
annual precipitations, which is insufficient for intensive vegetation growth. In addition, last decades there are frequent
storms with heavy or prolonged rains which contribute to excess runoff on uncovered slopes or otherwise high ground
water absorption (Milevski et al., 2107). In combination with population growth, increased urbanization, expansion of
urban and man-made structures into potentially hazardous areas this leads to extensive damage that has dramatic effects
on human life, infrastructure and environment (Luzi and Pergalani, 1999).
Landslides are one of such treats which very often occur in the Republic of Macedonia, especially during the rainfall or
fast snowmelt. For instance, numerous landslides were activated recently with road and canal construction in susceptible terrain, or by building major structures on steep terrain (Jovanovski et al., 2005). A typical example is the landslide
Ramina in the city of Veles, where sliding appeared in 1999 as a consequence of housing construction on unstable steep
slopes and another is the large landslide between Bituše and Velebrdo villages in the Radika valley (Manaković, 1974).
Because of a deep roadcut in tuffs on Stracin pass (on the road Kumanovo–Kriva Palanka), a shallow landslide appears
recently, which recurrently affect the traffic on this international road (Fig. 2). One of the largest (15 million m3) and
deadliest (12 deaths) well documented landslides in Macedonia on the Gradot hill near Kavadarci in 1956, even impound the valley of Bunarska River, forming a lake with significant landscape change (Manaković, 1960). Some of the
very large landslides occurred recently in coal mining sites (Manasiev et al., 2002) with excess extraction activities.
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Regionally, most of the landslides in Macedonia appears on the rims of basins, where usually Neogene lacustrine sands
and sandstones are superimposed over inclined clay or schists layers. Such are the large landslides in Tikveš, Berovo
and Delčevo Basins, in the valley of Radika etc. In more compact weathered rocks (igneous, limestones, marbles), usually in the western mountainous part of the country, rockfalls, rockslides, debris flows and other gravitational hillslope
processes occur (Stogovo, Šara Mountain, Korab, Jakupica; Milevski, 2015).

Fig. 1, Geographic location and relief map of the Republic of Macedonia.
To reduce the risk from the landslides, identification and mapping of the landslide prone area is very important task.
This information is often described in form of landslide susceptibility zonation (Varnes, 1984; Crozier, 1986; Soeters
and Van Westen, 1996; Guzzetti et al., 1999; Luzi and Pergalani, 1999; Crozier and Glade, 2005; Guzzetti et al., 2006).
Many of those techniques have been proposed GIS and remote sensing to evaluate landslide prone area (Nagarajan et
al.,1998; van Westen and Getahun, 2003; Tošić et al., 2014; Tošić and Lovrić, 2017). With the help of GIS, it is possible to integrate spatial data of different layers to determine influence of the causative factors on landslide occurrence
(van Westen, 1994; Carrara et al., 1995; Aleotti and Chowdhury, 1999; Cascini, 2008; Jimenez-Peralvarez et al., 2009).
Beside the high frequency and yearly damages of up to several millions euro, in the Republic of Macedonia only few
small-scale studies of GIS and RS based landslide area assessment were made with different success. Thus, Milevski et
al. (2009) use SAGA GIS-based cluster classification of landslide-related factors for susceptibility zonation of Gevgelija-Valandovo basin, and later, frequency-ratio GIS model was implemented in landslide hazard zonation of Pehcevo
Municipality (Milevski et al., 2013; Ivanova and Milevski, 2013), Vlaina Mountain (Milevski and Ivanova, 2015) and
of the Kriva River catchment (Milevski et al., 2017). Meanwhile, Peševski (2015) made very detailed landslide inventory of Polog-Reka (NW) area as a basis for landslide hazard zonation (LHZ).
Because there is not currently a landslides cadastre of the territory of the Republic of Macedonia, which is necessary for
any land use planning purpose, this paper attempts to determine the areas susceptible for landsliding. However, this
research is the first attempt to prepare GIS-based model for landslide susceptibility in national extent. The model does
not provide information regarding the temporal probability, the magnitude or the possible landslide propagation regions
but only defines possible areas of activation. The advantage is the efficient, cost-saving and above all, wide-area identification of hazard zones. Therefore, it can be used for decisions in spatial planning prior to land use designations, for
forestall planning strategies (e.g. designation of protective forests) and in hazard zoning of the disaster management
authorities (Proske and Bauer, 2016). The results of this research are of great importance because they will speed up the
compilation of landslide inventory map.
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Fig. 2, Some of the very active recent landslides in the Republic of Macedonia.

DATA AND METHODOLOGY
Modelling and mapping of landslide prone areas on regional scale is very complex task, because of many natural and
anthropogenic factors related with landslide processes. For that reasons, our results in LSA from the previous researches
on smaller (test) areas was included also (Milevski et al., 2009; 2013; 2017; Ivanova and Milevski, 2013). Furthermore,
all available bibliography, maps, reports from the media etc., for landslide occurrences in the Republic of Macedonia in
the past decades are collected. This was very important step to prepare landslide inventory and to determine the most
significant triggering factors (Peševski et al., 2012).
A spatial dataset (inventory) that represents former and recent landslides (presented as point features) is the most critical
information layer in order to implement quantitative statistical analysis for LS assessment. In this regard, several
sources of data were used including:
•

Landslide recorded in geological maps (hardcopies) in scale 1:100,000, produced generally in 1970-ties by the
Federal Geological Survey of Yugoslavia but only with position and relative extent of about 100 landslides;

•

Scientific papers, maps and media reports (generally after 1950-ties) for 96 landslides;

•

Records, photos and data from the own field work and field trips in the last 2 decades (for 55 landslides);

•

Orthophotos, satellite imagery and UAV-s photos (for 45 landslides).

The final landslide dataset consists of 296 landslides which is rather small number considering the extent. However, this
dataset was randomly split into two separate groups: a training dataset and a validation dataset. The training dataset
(148 landslides) was used for the implementation of statistical analysis, whereas the validation dataset (148 landslides)
was used during the verification of the results produced from the model. The landslides in the inventory have generally
similar characteristics: lateral based and downslope movement of soils or rocks. Some of the recorded landslides were
new-initial, and part was reactivated.
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The second task is identification of influencing factors which is the basis of several methods of landslide susceptibility
assessment (Dragićević et al., 2012). Terzaghi (1950) grouped these factors in two categories: internal and external. The
former includes those mechanisms within the mass that bring about a reduction of its shear strength to a point below the
external forces imposed on the mass by its environment, thus inducing failure. External mechanisms are those outside
the mass involved that are responsible for overcoming its internal shear strength, thereby causing to fail. According to
Crozier (1986), depending on the characteristics of the study area, at least three factors have to be included in GIS analysis including topography, lithology and land use. Donati and Turrini (2002) indicates that the most common conditioning factors are: lithological units, tectonic features, slope angle, proximity to (road or drainage) networks, land cover
and rainfall distribution. However, there are additional factors that may be arguably as influential.
In this research, 6 causative factors were considered: lithology, slope, plan curvature, land use, distance from streams
and distance from roads. Although there are no standard guidelines for selecting these parameters, the nature of the
study area, the scale of the analysis, and data availability were taken into account. The data for slope and curvature were
derived from 5 m digital elevation model (DEM) of the entire country using the SAGA GIS software, and then reinterpolated to 15 m grids. The lithology map was prepared from a 1:100,000 scale digitalized and rasterized geological map
of the country with 74 lithological units: from Precambrian gneiss and mica-schist through Mesozoic limestones to
Cenozoic sediments of marine, lacustrine and riverine origin. Land use layer was prepared according to CORINE
(CLC2012) classification hierarchy (level-1). Distance from the streams were derived using topographic river network
(25K) of the State Agency of Cadaster, while distance from the roads were prepared from OSM (Open Street Map) road
network in vector (.shp) format. Following the methodology, 5 buffer zones for roads (on 50 m steps) and rivers (on 100
m steps) were created and rasterized. All of the layers then were converted to a raster grids with 15x15 m cells (Fig. 3).
Table 1. Spatial data layers used in the study.
Factor - layer
Slope, Planar curvature
Lithology
Land use
Distance from stream
Distance from roads

Source
5-m DEM
Digital geologic map
CLC-2012
Topographic vector database
OSM roads database

Data type
Grid (geotiff)
Grid (geotiff)
Grid (geotiff)
Line (shp)
Line (shp)

The next step is selection of suitable LS method, and for larger areas, especially without very detailed landslide
inventory, statistical analysis of landslides and the frequency ratio method is among the best (Chalkis et al., 2014). This
method is based on the relationship between the spatial distribution of landslides and each conditioning parameter
(Magliulo et al, 2008). In the present paper, we estimate this relationship with the calculation of landslide susceptibility
index (LSI).
This method calculates the LSI for each category of all selected factors (e.g. slope, lithology, land cover, etc.), which
are selected for the study. To evaluate the influence of each variable, weighting factors are determined, which compare
the calculated density with the overall density in the area (Süzen & Doyuran 2004) as follows:

𝐴𝐴𝑖𝑖𝑖𝑖 ∗ 𝐴𝐴∗
�
𝐴𝐴
𝑖𝑖𝑖𝑖

𝑊𝑊𝑖𝑖𝑖𝑖 = 1000�𝑓𝑓𝑖𝑖𝑖𝑖 − 𝑓𝑓� = 1000 � 𝐴𝐴 ∙

(1)

where: Wij is the weight given to a certain class i of parameter j; fij is landslide density within the class i of parameter j;
f is landslide density within the entire map; Aij* is the area of landslides in a certain class i of parameter j; Aij is the area
of a certain class i of parameter j; A* is total area of landslides in the entire map; A is total area of the entire map. In the
next step, all weights are summed up as in equation in order to achieve a resultant LSI map for the study area (Table 2).
The same course of action as in previous method is used for reclassifying the LSI values into different susceptibility
zones and map validation. According to this approach, the total calculated weigth of the defined classes for each factor
is 30 for slope, 15 for lithology, 10 for land cover, 8 for curvature, and 2 for stream and road distance, or 67 in total.
Thus, the relative ratio between these weights is 15:7:5:4:1:1, showing that slopes are the strongest landslide trigering
factor in the country, followed by lithology, land cover, planar curvature, and distance to streams and roads.
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Fig. 3, Raster layers of selected landslide-triggering factors: 1. Slope, 2. Lithology, 3. Land cover, 4. Planar curvature,
5. Road network buffers, 6. River network buffers.
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Table 2. The weight values of factors used for LSA model.
Factor
Lithology
Clastic sediments
Schists
Gneiss
Granitic rocks
Marble
Limestone
Slopes
0-5°
5-10°
10-30°
30-40°
>40°
Convergence (curvature)
Highly concave
Concave

Value

Factor
Flat
Convex
Highly convex
Land Cover
Dense forests
Transitional forests
Pastures
Cultivated lands
Urban areas
Bare rocks
Streams
0-100 m
>100 m
Roads
0-50 m
>50 m

5
4
3
2
1
1
2
6
10
8
4
2
3

Value
1.5
1
0.5
1
2
4
3
3
4
2
0
2
0

Landslide susceptibility is calculated by summing the values of all six parameters, ie by summing the values for each
single grid cell of all 6 digital layers. The values of the resulting model are in the range from 2.6 (areas with the lowest
potential for landslides) to 26 (areas with the greatest potential for landslides and areas where there are already
landslides). Between these values, 5 classes are determined with combination of quantile classification and natural
breaks in SAGA GIS and ArcGIS with very low, low, medium, high and very high landslides suspectibility zones
(Table 3).

RESULTS
In order to prepare the final map of landslide susceptibility zonation, a cross validation technique was used to compare
known landslide location data with the landslide susceptibility zonation map. Both GIS-based classifications (quantiles
and natural breaks) shows good accuracy of the implemented LS model, because more than 50% of the landslides in the
inventory are in the class of high and very high landslide susceptibility. According to the quantile classification, 53.4%
or 79 from 148 landslides in the validation subset, belongs to high and very high landslide susceptibility class covering
39.8% from the total area of the Republic of Macedonia (Table 3). The natural breaks classification is even more accurate with 75.6% of the landslides located in high and very high LS classes which in turn cover 55.5% from the country
area. However, the number of landslides (in %) compared with area (in %) of high and very high susceptibility class,
show similar ratio for quantile and natural breaks classification i.e. 1.34 and 1.36 respectively. From the other side, the
same ratio for the areas with low and very low susceptibility class is 0.49 and 0.20 for quantiles and natural breaks
respectively. Taken that the ratio tends to be as close to 0 for very low LS class, and increase well above 1 for very high
LS class, then natural breaks classification shows better accuracy. Thus, according to the LS map prepared with natural
breaks classification, 95.9% of the landslide events fall within very high, high and moderate landslide susceptibility
zones.
Table 3. Classification of LSI according to quantile and natural breaks method.
Quantiles
2.6-12.8
12.8-15.4
15.4-17.2
17.2-18.9
18.9-26.0
Total
Natural Breaks
2.6-8.0
8.0-12.9
12.9-15.8
15.8-18.6
18.6-26.0
Total

LS class
very low
low
moderate
high
very high
LS class
very low
low
moderate
high
very high

Area
5140.2
5081.6
5267.4
4959.1
5264.7
25713.0
Area
592.1
4548.0
6285.9
8289.0
5998.0
25713.0

%
20.0
19.8
20.5
19.3
20.5
100.0
%
2.3
17.7
24.4
32.2
23.3
100.0

Landslides
6
23
40
43
36
148
Landslides
0
6
30
68
44
148

%
4.1
15.5
27.0
29.1
24.3
100.0
%
0.0
4.1
20.3
45.9
29.7
100.0

Ratio
0.20
0.79
1.32
1.51
1.19
Ratio
0.23
0.83
1.43
1.27
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According to the calculated LSI, most of the landslides (in the test and validation dataset) in the Republic of Macedonia
occurred on moderate slopes (10-30°) and on terrain composed by clastic sediments (Neogene lacustrine deposits, colluvial sediments) and schists (mica-schists, green-schists etc.). Also, significant number of landslides occur in terrains
with weak vegetation (pastures, grasslands, bare and erodible rocks), but also in cultivated land on steep terrains and in
urban areas. Statistically substantial number of landslides are located on distance up to 100 m from the rivers (43%) and
up to 50-100 m from the roads (33%), mostly as a large roadside rockfalls.

Fig. 4, Landslide susceptibility map of the Republic of Macedonia.
From the other side, aspects do not show substantial correlation with landslide locations: 42% of the landslides are on
the north slopes and 58% on south slopes, but with high local unevenness. For that reason, aspects are not taken into
consideration. Actually numerous other studies are controversial about aspects-landslides correlation (Tanaka, 2005;
Caiyan et al., 2006; Chalkias et al., 2014). The similar is with altitude which do not show very strong correlation within
landslide inventory up to 1500 m (but there are large landslides even above this altitude).
Regionally, most of the area with high and very high landslide susceptibility in the Republic of Macedonia is extended
over hilly terrains and in mountain foots, on the side of valley bottoms in gorges, and on the sides of depressions and
basins which are usually covered with Neogene lacustrine sediments (Fig. 4). Thus, according to the map, the areas in
the central part of the country (Tikveš depression), the north-east part on the hillslopes of Osogovo and Bilino mountains and upper Bregalnica catchment (Fig. 5) and the foothills of Šara Mountain are among the most susceptible to
landslides.
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Fig. 5, Part of the landslide susceptibility map in the area of Kalimanci Lake.
In contrary, larger plains in the country and terrains built by very solid rocks (limestone, marble, andesite etc.), especially in the western part, shows low landslide susceptibility. However, the field studies found that even there the occurrence of (smaller) landslides is not totally excluded (near channels, roads, constructions, and other sites with substantial
anthropogenic activities).

CONCLUSION
This study was aimed at assessing the landslide susceptibility at a regional scale, in this case in the Republic of Macedonia. LSA is a crucial step to prevent landslides in places where this could be expected or to minimize its damages. At
regional scale, statistical methods are generally considered the most appropriate for LS mapping because they are objective, reproducible and easily updatable (Chalkias et al., 2014). By applying a bivariate statistical analysis, implemented
in a GIS environment, the relationships between landslide events and geo-environmental factors were assessed and
shown on the susceptibility map. There are two advantages of the implemented approach. First it uses clear and logical
criteria for analysis and the second it is based on empirical data about real landslide events. One of the challenging tasks
within this methodology is proper selection of most significant landslide-triggering factors. Depends of the extent and
approach, the number of selected factors greatly differ from case to case, with 4-5 as a minimum to more than 15. In
this study, six factors (lithology, slope, plan curvature, land use, distance from streams and distance from roads) were
selected, rasterized and harmonized to cell size 15 m × 15 m. Then, ratio of landslide events (as a points) in each factor
class is calculated, from which factor weights are determined and transferred in raster layers. The final model is actually
the sum of all 6 weighted layers. With further natural breaks classification (as a most accurate), 5 classes of LS are
defined represented in form of LS map. The results show that significant area (55.5% of the country) is under high and
very high landslide susceptibility zone which is verified with the landslide data. Thus, even with very limited landslide
inventory, there is 76.6% agreement between prepared LS map and 148 landslide locations of the validation dataset,
which is a reasonable result, taking into consideration the scale of analysis. However, the LSI method and the based
map can be further improved if larger and more reliable landslide inventory database is prepared and included in LS
modelling. The next goal will be better distinctiveness and accuracy of LS classes (low-very low in relation to high-very
high LS). Aside of that, there are other possibilities of improvement with including other triggering factors (precipitations, TWI, SPI etc.), or even comparisons with other methods.
The ultimate goal of producing reliable and accurate LS map, or indicative hazard map for landslides which will cover
entire country is not only to indicate endangered areas, but to take actions and activities toward prevention and decreasing of the hazard risk itself. If applied properly, such maps are suited for minimizing or avoiding future risks and damages. That is especially significant when climate change forecasts and its consequences in terms of increased landslide
frequency are considered (Kolčakovski and Milevski, 2012). Nevertheless, in the Republic of Macedonia, national
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funds are primarily used for recovery from damages by landslides, and much less for prevention and especially in producing of quality mass-movement susceptibility models and maps. According to our calculations, only 2 year funds for
recovery, will be sufficient to cover entire country with very detailed and reliable LS maps. In that sense, this model is
the first attempt on country level hoping that further improvement will be made soon.
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Abstract
The comprehensive advancement of efficient collection and effective integration of big data in key areas, and the
deepening of association analysis and fusion utilization of government data and social data have been upgraded to a
national “big data” strategy. Nowadays, there are many problems in the management and application of government
geospatial big data which come from different departments and areas, such as information islands, lower sharing
efficiency and low rate of comprehensive utilization in information resources. Therefore, an integration technology of
multi-source government information resources based on semantics is proposed in this paper. Based on the distributed
computing framework–Hadoop, we analyze textual content and application subjects of government geospatial big data,
such as socioeconomic, population and juridical person information. Based on this, with the semantic analysis and
integration of multi-source government information resources, the comprehension of spatial data classification system,
and related technologies, such as Chinese word segmentation, semantic computing and clustering analysis,
corresponding rules and classification methods are formulated based on the classification system of various types of
spatial data. Secondly, the word segmentation dictionary related to government information resources are utilized to
extract text content of the data and carry out thematic classification of information resources based on the topic
classification rules. Lastly, according to the semantic factors in the theme classification of government information
resources, the semantic concept lattice of spatial data topics is constructed to realize the semantic matching of the
subject types of government information resources. The practice shows that the integration technology of multi-source
government information resources based on semantics can improve the efficiency of integration, the management and
utilization level of government information resources, and increase the accuracy and effectiveness of government
macro-control, market supervision, social governance and public service.
Keywords: Data fusion; Semantics; Govenrmanet Geospatial Informaion;Government GIS.

INTRODUCTION
The ‘Internet + government services’ work continues to deepen, the complexity of government information resources,
the incompatibility of the government's management system, and the lack of supervision mechanisms have led to some
problems in construction of government information resources integration and sharing, such as severe information
island problem, low efficiency of information resource sharing, and low comprehensive utilization of information
resources[1]; In addition, with the continuous development of computer network information technology, multi-source
heterogeneous government information resources are becoming more and more abundant. The traditional information
resource integration methods represented by subject methods and taxonomy lack complete description of information
resources, and their semantic expression is poor. It is difficult to find complex relationships between information
resources and it is difficult to achieve semantic retrieval. Therefore, it is becoming increasingly urgent to promote the
effective integration of decentralized and isolated government information resources and accelerate the sharing of crossdepartment data resources.
Scholars have conducted in-depth research on the integration of government information resources. Layne K[2]
organizes and manages government affairs information resources from the aspects of information classification,
processing, and integration; Michel Biezunski[3] uses “thematic map” technology to integrate and organize government
information resources; Zhai Xiuli[4] proposed to construct a directory service system and exchange system for
government information resources, sort out the government information resources, and realize a “one-stop” service
platform; Kang Hong et al.[5] proceeded from the problems existing in the process of integration of government
information resources and applied knowledge management methods to integrate government information resources. Jin
Juan[6] proposed an approach to the classification of government information resources based on ontology theory.
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In view of the integration of multi-source heterogeneous government information resources, this paper proposes a
semantic-based approach to the integration of government information resources, which can express the concept of
knowledge resources and the relationship between concepts at the semantic level, and realize the effective integration of
government information resources.

METHOD
This paper adopts a semantic approach and integrates multi-source heterogeneous government information resources by
using related technologies such as Chinese word segmentation, semantic calculation, and cluster analysis. First,
comprehensively consider all kinds of data classification systems, this paper adopts appropriate characteristics rules and
classification methods; Secondly, the word segmentation dictionary related to government information resources are
utilized to extract text content of the data and carry out thematic classification of information resources based on the
topic classification rules. Lastly, according to the semantic factors in the theme classification of government
information resources, the semantic concept lattice of spatial data topics is constructed to realize the semantic matching
of the subject types of government information resources. The method structure of this article is as follows:

Determine classification rules
Subject classification method

Subject Category
Remove stop
words

Use NLPIR segmentation to
obtain a word segmentation set
Weighted statistics to
get topic keywords

N-Gram identifies
candidate keywords

Semantic matching
Pre-training
dictionary

Co-occurrence
预训练词典
matrix
Matching degree
calculation

•

Construction
training sample
Parameter
adjustment

Determine classification rules

With the development of e-government, China officially issued the "GB/T21063.4-2007 Government Affairs
Information Resources Directory System: Classification of Government Information Resources" national standards[7] in
2007. The standard stipulates that the top level of government information resource classification can be divided into
basic and institutional aspects or be expanded according to needs. Classification of information resources is usually
carried out in multiple aspects, such as subject classification, government agency classification, service classification,
and resource shape classification. Thematic classification is the basic classification of government information
resources, reflecting the attributes of the content of government information resources[8]. The subject classification
method classifies the classification object into several hierarchical categories according to the selected attributes (or
features), and arranges them into a hierarchical and gradually developed classification system. In the standard literature,
the classification structure of subject classification is specified, and there is no detailed category setting for other
classification perspectives. The classification methods and rules of information resources in this paper mainly follow
the classification principles of the government information resources classification standards, including 21 first-class
and 133 second-level categories, of which, the second-level categories are mainly divided according to business domain
themes[9].
•

Subject Category

Subject information data needed to be extracted from the cllected government affairs inforamtion resources. The
commonly used topic information extraction methods are visual topic-based information extraction, template-based
topic information extraction, and statistical topic-based information extraction[10]. Among them, the subject information
extraction based on vision uses the visual information and frame information of the information resource to determine
the position of the topic information, the extration effect is good for the complex information, but the cost is higher; The
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template-based topic information extraction method requires a separate topic information extraction template, It is more
suitable for information resources with smaller scale and rules of text format. The statistics-based method extracts
textkaywords by analysing a large number of texts through statistical calculations, and the method can extract subject
information more accurately.
Considering comprehensively the characteristics of government information resources and the applicable situation of
topic information extraction methods, this paper uses statistical techniques and techniques such as automatic word
segmentation for natural language processing to extract and analyze topic features of information resources. The
keyword extraction method is usually used to obtain information resource characteristics. This paper uses NLPIR word
segmentation and N-Gram keyword extraction to extract key words of government information resources. The NLPIR
word segmentation system[11] is a Chinese word segmentation system that mainly includes some function such as
Chinese word segmentation, part-of-speech tagging, named entity recognition, new word discovery, and keyword
extraction. The N-Gram keyword extraction method[12] can use statistical rules to identify universal domain words
without the use of dictionaries and rules. The basic idea of this method is to go on a sliding window operation for the
text content in a certain size byte stream to form a number of string grams of length N, count the frequency of
occurrence of all grams, and according to a preset filtering rule, words that are not related to a text topic and whose
word frequency is less than a set threshold are filtered out to obtain a keyword describing the topic content of the text.
The implementation of the method used in this article is as follows: 1. getting a sample of government information
resources; 2. using NLPIR word segmentation system for Chinese word segmentation, part-of-speech tagging, and
named entity recognition of sample documents, and segmentation into word-cut sets; 3. Punctuation, stop words and
useless words in the cut word set are filtered out; 4. N-Gram recognition is performed after the cut words being filtered,
the N value is set and a character string that matches the set N value is used as a candidate keyword; 5. selecting word
frequency, part of speech, word length, first appearance position and span, etc. as features to make statistics on
candidate keywords[13]. After weighted statistics, the keyword is filtered according to the set threshold, and the rest is
the subject keyword extracted from the information resource. 6. claculating accuracy rate and recall rate to evaluate the
keyword extraction effect. Accuracy and recall formula is as follows:
Accuracy= The number of subject keywords/ Number of candidate keywords
Recall= The number of subject keywords/ The number of new words recognized by N-Gram

Punctuation, no keyword
filtering

Sample
information

Cut word
collection

NLPIR word
segmentation system

N-Gram
identification

Candidate
keywords

Topic Keywords

Linear weighted
statistics

Figure The main process of topic classification
•

Semantic matching

According to the semantic factors in the subject category of government affairs information resources, the semantic
concept lattice of data topics is constructed, to realize the semantic matching of topic types of government affairs
information resources.
The concept lattice model is also called formal concept analysis. All the formal concepts together with their
generalization or refinement relationship constitute a partial order concept lattice. Concept lattice is the core data
structure in formal concept analysis theory. It essentially describes the relationship between objects and features, and
shows the generalization and refinement relations between concepts. The corresponding partial Hasse graph realizes the
visualization of data relations, mainly includes the process of constructing concept lattices, cluster analysis and other
methods to extract concept lattice rules[14].
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The semantic matching model first uses the word embedding technique to learn the low-dimensional dense vector
representation of the word, and then calculates the semantic relevance of queries and documents in the learned vector
space. Here, the word vector can reflect the semantic information of words and the relevance information of similarity
words to a certain extent, and is usually obtained through training in order to prevent overfitting. The main process of
semantic matching includes six parts: data cleaning, word segmentation and word division, pre-training dictionary
obtaining, word co-occurrence matrix calculation, training sample construction and parameter adjustment.
Data cleaning: For the original government information resources, data cleaning operations are required. The operations
include transform traditional Chinese characters to simplified Chinese characters, transform full-width characters to
half-width character, special symbol filtering and so on . At the same time, special text patterns need to be replaced
uniformly.
word segmentation and word division: The word segmentation operation must be performed for Chinese government
affairs information resources. To make up the shortcomings of the open-source segmentation tool JIEBA in names and
new words splitting, the Harbin Institute of Technology segmentation tool LTP and the basic vocabulary of Tsinghua's
word segmentation tool THULAC were used to further improve the segmentation effect of JIEBA, and they are also
help to train word vectors.
pre-training dictionary obtaining: The pre-trained word vector is the basis of semantic relevance matching. This paper
selects the popular tool Word2Vec and use the text contained in the training data set to train word vectors by choosing
proper negative sampling model, the number of negative samples, the size of the context window, the dimension of the
word vector, the number of iterations, etc.. Finally, the word vector obtained from the training data set is selected for the
next operation. For words that are not in the dictionary, this paper is uniformly represented by 0 vectors.
wor:d co-occurrence matrix calculation: Each word in the query is compared with each word in the document. If the
corresponding position has the same word, the corresponding position in the word co-occurrence matrix is recorded as 1,
if the words in the corresponding position are not the same, the corresponding position in the word co-occurrence
matrix is denoted as 0, and finally a Boolean matrix containing only 0 and 1 is obtained.
training sample construction: With hinge loss as the loss function, the data needs to be split into triplets and passed into
the network.
parameter adjustment: The parameters in the neural network model are adjusted. The parameters to be adjusted mainly
include the learning rate, the number of convolution kernels, and the size of the convolution window. The adjustment
method usually selected is to fix other parameters and adjust a single parameter.
After the above steps are taken, the semantic matching model is used to measure the matching degree of the data.

EXPERIMENT
At present, the integration of government-based information resources based on semantics has been applied in some
departments. The National Development and Reform Commission carried out the integration and utilization of intranet
information resources, combed more than 6 million information resources and builted a classification system of
information resources within the committee, forming 19 first-level subject classifications, 110 second-level subject
classifications, and building integrated information within the organization including information indexing database,
structured data indicator database, etc. It also has established some shared service system such as unified information
resources retrieval system and social economic information visualization system. Some system interfaces are as follows.

Figure Resource Directory Service System
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The Ministry of Agriculture, on the basis of integrating the existing resources of the Ministry of Agriculture, organizes
the organization of business and forms a 17-category classification system for government affairs information
resources, which provides a data foundation for government information resource sharing services for unified search
and directory services. Some system interfaces are as follows

Figure Information Resource Unified Search Service System

CONCLUSION
This paper dealed with the integration of government affairs information resources, taking massive unstructured
government affairs information resources of various departments and provinces as the research object, comprehensively
applied the key technologies of semantic-based unstructured data integration, indentified and mined the relationship
between information resources and realized the knowledge representation and information integration of government
information resources. In future work, semantic-based government information resource integration technology can be
used in more departments and more provinces to meet the needs of unstructured government information resources
integration in different departments and provinces.
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Abstract
Geotourism has been a fast-growing sector of tourism in the past decades. It focuses on geologic and scenic values of a
location (geosite), so these can be preserved and popularized easier. The objects of geoturism are the outcrops: these
are the main tourist destinations and carry the visible geological information. Thus, the most important task when
compiling such a map is to identify the most valuable geosites. The first step of a geosite assessment is to list all the
possible geolocations by collecting data from geological and topographic maps, Picasa photos and key section list.
Subsequently the list is filtered with GIS and classifying methods. The goal of our project is to find suitable geosites for
the first geological hiking map of an area of the Bakony–Balaton UNESCO Global Geopark, that is the main outcome
of this work. The result also helps nature conservation by giving attention to remarkable locations.
Keywords: tourist map, hiking map, geology, GIS, filtering, geopark, geotourism, Hungary

WHAT IS GEOTOURISM? WHY IS IT IMPORTANT?
As a relatively modern branch of tourism, geotourism has been enjoying more and more popularity nowadays. The
positive effects of the global information revolution in the past decades influenced people with high need of knowledge,
globetrotting and love of nature who started to unearth the treasures of our planet. Thomas Hose (1995) made the first
big step in order to deepen the concept of geotourism, and after two decades of formation and refinement we generally
use the definition of Newsome & Dowling (2010). According to this, geotourism is a wing of tourism that focuses on
geologic and landscape values. It subserves the popularization of these targets (geosites), helps to preserve geodiversity
and the apprehension of different earth sciences.
Some features unambiguously discern geotourism from tourism in general. On the one hand it carries information
through the presentation of geologic heritage, that generates satisfaction in visitors and tourists. On the other hand, these
sites are informative for inhabitants too, as the scientific knowledge becomes the part of their identity. But it is also
important to take care about non-scientific attractive factors too because everybody can visit these destinations: experts
on geology and guests who are not conscious and aware of earth science (Dowling, 2011; Grant, 2010).
Geotourism also means more sensitivity and interest towards natural and cultural values. Beside enjoying free time
environmentally sound attitude is also essential as a geotourists concentrate on broadening their minds and nature
preserving too. Geotourism also stimulates local communities to cooperate to make tourism destinations more
attractive. It also has economic role too: by building infrastructure workplace establishment and monetary benefit is also
mentionable (Dowling, 2011).
The organized institutions of geotourism are geoparks (Figure 1). The protection of inanimate natural formations had
not found international support until the past decades. By the inception of the European Geoparks Network (EGN) and
the Global Geoparks Network (GGN) among intense popularization, environment protective viewpoints were taken into
consideration. We need to emphasize the openness of geoparks: these are not closed nature conservation areas, but open
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institutes for everyone with an aim to bring people nearer to geoheritage. Beside promoting geologic features, geoparks
also pay attention to cultural, historical, ecologic and educational values (Bakony–Balaton Geopark, 2012).

Figure 1. Global Geoparks in the world, 2018.
Earth scientific values are visible and represented by geosites within geoparks. Geosites are the most interesting,
exciting and spectacular inanimate formations of the environment. These formations can be a great variety of natural
objects: cliffs, caves, outcrops or even the landscape. With their examination we can investigate a specific period of the
chronology of the Earth. In other studies, we used different scientific factors (e.g. the rarity of a specific geological
formation or the geoscientific publicity), but within this work we mostly try to put emphasis on the infrastructural and
GIS analysable factors of appointing a geological outcrop to be a presented geosite.

THE CONNECTION BETWEEN GEOTOURISM AND CARTOGRAPHY: GEOTOURIST MAPS
Traditionally the origin of tourist and geological maps roots back to topographic maps. Each map contains deduced
cartographic information: while tourist maps are designed for field use and keep most of the original information,
geological maps contain specialized information that are not relevant for orientating – they were mainly designed for
office use or wall-maps. Slowly it was recognized that people with geological interest need maps that help them to
identify geological/geomorphological formations and lead them on the field. The accumulated knowledge and the
possibilities of geotourist maps were summed up in several studies (e.g. Albert, 2004; Martin, 2010; Regolini-Bissing,
2010). The work of Albert (2004) involved large and medium-scale maps in Hungary. However, the next publication,
the first geological hiking map of Hungary was only published in 2018 depicting the eastern part of the Bakony–
Balaton Geopark, Hungary (Albert, Pál & Schwarcz, 2018). The aspects, features and attributes of identifying outcrops
and making geotourist maps are presented throughout the example of this map.
As we can see the properties of traditional tourist maps and geological-geomorphological maps are merged together in a
geotourist map. The legend of these maps is slightly complicated than the legend of geological maps: among the
dominant role of geological features (e.g. formations denoted by different colours, normal and reverse faults) it contains
signed hiking trails, remarkable gazebos and sights as well as information that help tourists arriving by either car or
bicycle. We can state that approximately half of the legend elements comes from geothematic maps while the other half
is derived from topographic maps, since relief, road and water network, geographical names have essential role in
orientation (Albert, 2004).
Both large and medium scale maps are suitable for geotourism purpose. While large scale maps (1:5000 – 1:50 000) are
mainly made to assist tourists on the field containing nearly accurately presenting the main characteristics of geosites,
medium scale maps (1:50 000 – 1:500 000) are mainly used for overviewing an area: they contain just the most
important tourist attractions and the main traffic information after generalization. By the reason of this difference, there
is also a contrast in the map making process. As medium scale maps do not contain detailed information, it usually can
be deduced by existing cartographic products, while the data presented on large scale geological hiking maps must be
checked on field to give first-hand and fresh facts about the area. The selection of geosites has a high priority, as they
are the most important elements of this type of map as they carry the visible and visitable geological information on the
surface (Reynard et al., 2009). In this study the geometrical aspects of assessing geosites is discussed in detail.
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GET TO KNOW THE AREA!
One of the most famous tourist destinations in Central Europe is the surroundings of Lake Balaton, the area of the
Bakony–Balaton UNESCO Global Geopark (Figure 2). The shore of the lake is bordered by reed, but somewhere only
after a few hundred metres starts the mountainous area. The northern coast is a part of the Transdanubian Mountains
and is well-known for its wines, spas and exciting geological formations. Its climate next to the shore has
Mediterranean features (where grape is grown), while in higher latitudes is mainly temperately cool and wet. It has no
great rivers, but the climate in deep valleys is cool during hot summers too thanks to the small streams called “séd”.
Balaton Uplands National Park and Bakony–Balaton UNESCO Global Geopark takes care of the natural, touristic and
cultural values of the area (Dövényi, 2012; Futó, 2013). Rocks have a long history here that dates back to ancient times
when life was only present in oceans. The area was transformed by volcanoes, deep and shallow seas, deserts, lagoons
in the following millenary of years. These transformations have been generated by tectonic movements that produced
fierce earthquakes that have fractured, folded plates into mountains. Because of this activity such rocks as in the Alps
can be found here (e.g.the Main Dolomite/Hauptdolomite). This work studies the eastern part of Balaton Uplands
(Albert, Pál & Schwarcz, 2018).

Figure 2. The extent of the Bakony–Balaton Geopark (red border) and the examined area (green border)

OUTLINES OF THE DATABASE AND DATA GATHERING
At the beginning of the project our aim was clear: carry out a geosite assessment to filter gathered potential geosites in
order to get the most popular and valuable geosites of the area. The result of this filtering was going to be presented on
the published map. To conduct an assessment, we had to designate geosite nominees. We searched for maps that may
contain relevant topographic and geological information. We chose topographic (1:25 000 military maps in GaussKrüger system, 1:10 000 EOTR-Uniform National Mapping System sheets) and geological maps (1:20 000 Engineering
geological map series of the surroundings of Lake Balaton, 1:50 000 Geological map of the Balaton Highland). As these
maps are at least 20 years old, we needed current information to get more approximate results. First, we filtered the
database by the shape of built-up areas (that have extended in the past decades) and mining sites database (geotourism
activity is prohibited in these areas). To specify the gathered data, we used the key section list of the Hungarian
Geological Survey (MBFSZ) and Google photos. The map work and database-shape building were conducted in the
freeware QGIS 2.18 software.
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Topographic maps
The military topographic maps in the second half of the 20th century made by the Hungarian Army are parts of the
international Gauss-Krüger system, following the model of the Soviet Union. The used 1:25 000 map sheets were edited
between 1953-1959 (“new survey”) and were renewed in the 1980s. The situation of civilian topography was slightly
complicated. As there were no larger scale maps than 1:25 000 for non-military purposes, civilian mapping made 4098
sheets of 1:10 000 scale after 1957 (“maps for people’s economic purpose”). Because of Soviet pressure the projection
and the sheeting system had to be changed to divide military and civilian mapping. As a result of this, the production of
Uniform National Mapping System (EOTR) was ordered. Its name refers to the procession of cadastral and topographic
maps too. It has a unique projection (EOV – Uniform National Projection) that is a conformal cylindrical projection in
transversal position. The mapping work was completed in 2000. Both military and civilian topographic maps form a
system of different scales (Zentai, 2015).
Considering the designated area, we searched for the corresponding map sheets of the 10k and 25k maps. Some of them
were already scanned and georeferenced, but there were remaining sheets that needed this preparatory work. After that,
all elements with the possibility of geosite features were searched for in the official map keys. Then all collected and
georeferenced map sheets were examined, and all items presented on Figure 3. were inserted into the QGIS database as
a point feature.

Figure 3. The searched map key elements on the chosen sheets – each of them was recorded as a point feature
(MNTI, 1964; MÉM OFTH 1977)
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Geological maps
The Engineering geological map series of the surroundings of Lake Balaton (1:20 000, 1986, Figure 4) can be
examined in the library of the Hungarian Geological Survey. As a large-scaled geological map, it contains lots of
outcrops (either clastic or intact), boreholes, mines, quarries and explorational pits. The recording of this data was
similar to the topographic method: each feature had its own attribute, and to make further work easier, outcrops were
divided into three size groups according to their map size (<5 cm; 5-10 cm, 15 cm<). This grouping had its importance
during the filtering.

Figure 5. An excerpt of the engineering geological map. Larger (small polygons) and small (X signs) outcrops,
research pits (polygons with dashed borders) and mines are visible
The Geological map of the Balaton Highland (1:50 000) was available to be georeferenced. As a consequence of its
large scale it does not depict outcrops. By merging and working together the geological theme of both maps and other
information sources (e.g. MBFSZ maps online), we were able to make a tourist-friendly simplified thematic legend. Its
need has two reasons: tourists does not need the full amount of scientific information and all formations represented on
the map would have extremely hardened the legibility of the map. After this standardization, the polygons of features
were digitized in QGIS, so we got a geological base map for the recorded point features.

Figure 6. An excerpt of the topologically checked geological thematic polygons

BRIEFLY ABOUT GEOSITE ASSESSING
To make a concept about the weight of the correct identification and representation of outcrops, we need to define what
geotouristic potential is. As geotourism, it is also a relatively modern term. According to the international definition,
touristic potential sums up the value of each remarkable destinations considering supply, current use and possibilities of
future development and successes (Lai & Graefe, 2000; Melián-González & Garcia-Falcón, 2003). This definition is
easily applicable on geosites too.
There is a qualitative and a quantitative way to estimate the geotouristic potential of a geosite. In order to get more
realistic and subjective results, we used quantitative methods called Geosite Assessment Model (GAM) and Modified
Geosite Assessment Model (M-GAM). These models are built up of two main groups: one group of indicators shows
the educational and scientific values of a geosite, while the other group is responsible for the infrastructural points. MGAM is derived from GAM by taking into consideration the opinion of geotourists about the GAM evaluation
indicators as a factor. By evaluating every indicator (e.g. Rarity of formation, Current condition of geosite, Distance of
main traffic routes…) every geosite gets its own point that refers to its scientific and infrastructural development and
further possibilities (Vujičić et al., 2011; Tomić & Božić, 2014).
The scoring of indicators has different methods. Scientific ones were assessed by the help of experts, ones considering
the physical condition of geosites by personal experience during field trips, while others (mainly ones connected to
infrastructure) could be solved by GIS. Among the complete map drawing process this work phase and the filtering
were carried out by the help of different GIS functions.
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THE PRECISION ROLE OF GIS IN GEOSITE ASSESSMENT
Filtering
At the point when we finish gathering point feature data from topographic and geological maps we come across the fact
that probably thousands of different points form our database. This huge amount of ”geosites” is not suitable for being
presented on a map. As data sources are at least 30 years old, we need to make constraints that will be the phases of
filtering and redefining our geosite set.
First, we need to realize that built-up areas have extremely extended in the past decades, especially in recreation areas.
We chose the database of OpenStreetMap to filter the set of points by the current extent of settlements and industrial
areas. After making a spatial query we see that the number of elements decreased. There is an also essential filtering
phase: in Hungary mining areas with a permission cannot be visited or passed through even if there is no activity. To
filter out sites falling into these areas, we can download the continuously updated database of mining areas of Hungary
in KMZ format. As it can be easily converted to shape, a query like the preceding can be carried out.
In this state we probably have nearly the same number of records in the database (Figure 6). But it is an important
outcome that we do not count with prohibited or human-influenced built-up areas, where mostly past geosites were
probably ruined. But the word ”probably” has a very important role in this case. With the first step of filtering, all
records in settlements were filtered out, although we have lots of examples of geosites that are within built-up areas,
even in this area (e.g. the key section of Alsóörs Metarhyolite in the centre of Alsóörs). In order to refine our database,
we used the key section list of the Hungarian Geological Survey. There is every geologically important section with
coordinates, photos and information, so data was easily insertable into our table. To take into consideration probably
less important geosites, we looked over Google Picasa photos uploaded by Internet users of the area. There are lots of
pictures that are about different interesting formations, a high cliff, an exciting colourful stone – and because these
pictures have mostly accurate coordinates, the plus points also make our database more accurate. Of course, this method
was used all over the examined area, and we got geosites that are clearly relevant to tourists as they found them
interesting enough to make photos.

Figure 6. On this figure we can see a part of the collected and filtered data in the Balaton Uplands. The map under the
potential geosite features is the 1:50 000 geological map of the area

Assessment with GIS
As it could be read in the brief description of the quantitative assessing process, some indicators of the two models
(GAM, M-GAM) were evaluated by the help of the tools of GIS. These are the following (from Vujičić et al., 2011):
•

Rarity: Number of closest identical sites, formations.
Common; regional; national; international; the only occurrence.
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•

Viewpoints: Number of viewpoints accessible by a pedestrian pathway. Each must present a particular angle
of view and be situated less than 1 km from the site.
None; 1; 2 to 3; 4 to 6; more than 6.

•

Accessibility: Possibilities of approaching to the site (inaccessible, by foot, bike, public transport, car).
Inaccessible; low (on foot); medium (e.g. by bicycle); high (by car); utmost (by bus).

•

Additional natural values: Number of additional natural values in the in radius of 5 km (geosites also
included).
None; 1; 2 to 3; 4 to 6; more than 6.

•

Additional anthropogenic values: Number of additional anthropogenic values in the radius of 5 km.
None; 1; 2 to 3; 4 to 6; more than 6.

•

Vicinity of emissive centres: the distance from the home of geotourists (e.g. bigger town).
More than 100 km; 100 to 50 km; 50 to 25 km; 25 to 5 km; less than 5 km.

•

Vicinity of important road network: Closeness of important road networks in the in radius of 20 km.
None; local; regional; national; international.

•

Additional functional values: Parking lots, gas stations, mechanics, etc. in the radius of 2 km.
None; low; medium; high; utmost.

•

Vicinity of visitors’ centre: Closeness of visitor centre to the geosite.
More than 50 km; 50 to 20 km; 20 to 5 km; 5 to 1 km; less than 1 km.

•

Tourism infrastructure: Level of additional infrastructure for tourist (pedestrian pathways, resting places,
garbage cans, toilets, wellsprings etc.) in the radius of 2 km.
None; low; medium; high; utmost.

•

Hostelry service: Hostelry service close to geosite.
More than 50 km; 25–50 km; 10–25 km; 5–10 km; less than 5km.

•

Restaurant service: Restaurant service close to geosite.
More than 25 km; 10–25 km; 10–5 km; 1–5 km; less than 1 km.

Every indicator has 5 possible values to be chosen from and given points of 0.00, 0.25, 0.50, 0.75, 1.00 – they are added
after the description in italics.

Performing spatial queries
As we worked with data in a GIS environment, all drawn map features had its own spatial reference. This made our
evaluating work a lot easier. The Rarity of a formation in case of a geosite can be studied by querying the attribute of
the point-feature geosite that contains the geological index. The results informed about the geo-uniqueness of the
geosite.

Setting up buffer zones
Most of the appointed indicators evaluation can be carried out this way (Figure 7). In the descriptions, we can read
about different radii. If we have a source for the other elements of map (line drawing, point features, vegetation), we
can take them into consideration when assessing. The number of Viewpoints can be counted within a 1 km-radius
circle, if we have roads, tracks and relief digitized on the map. After the designation, each can be scored according to its
quality (e.g. particular angle of view, quality of pathways). Additional national values are especially the potential
geosites that we have collected before. Additional anthropogenic values are generally human-built tourist attractions:
for example, museums, churches, castles, ruins. Vicinity of emissive centres, Vicinity of important road network,
Additional functional values, Vicinity of visitors’ centre, Tourism infrastructure, Hostelry service, Restaurant
service can be examined also this way. Then features within radii are mostly the base of evaluation.
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Figure 7. Buffer zones on the geological hiking map around the chosen geosites (yellow star) in Alsóörs

Consequences of the model’s uncertainty and the extent of the area
In the original model, some of the indicators were not concretized: e.g. Tourism infrastructure had no radius defined.
To fix these issues, we examined our digital map in detail, so the radii were defined particularly concerning the
designated area. We faced the problem of the reference features especially in the case of Vicinity of emissive centres
and Vicinity of important road network. These indicators are also not so concrete, because the size of emission
centres nor the category of the important roads were not defined. In the case of emission centres, Veszprém,
Székesfehérvár or Budapest could be chosen, but it does not have a large importance, because most of the geosites get
the same scores. The most important roads in the area are M7 motorway and 7 and 8 primary roads. The situation is
similar to the emissive centres: nearly all geosites are in the same km zone, so they get the same scores. But it is very
important, that these circumstances may be completely different in other areas!
As the examined area is not big and does not encompass greatly infrastructure provided settlements, usually not so
many features fall into the buffer zones or circles. If there would be lots of hotels, restaurants, visitor centres, bus stops
in the field near to geological values, the counting and filtering would be harder. In this case, each feature was counted
easily.
Indicator Accessibility was not discussed. Spatial queries can be performed to filter nearby bus stops, tracks or roads,
but it makes evaluation process complicated and long. When the features of the geological hiking map are recorded, it is
simple to observe surrounding road features (denoted with different visible attributes – line width, colour).

Clustering the assessed geosites
The sum of the indicator’s points forms the complete GAM (and multiplied with the tourists’ opinion factor M-GAM)
value of every geosites. These values can be depicted as linear functions: if the records are in a decreasing (or
increasing) order, some clusters or groups of gesoites can be distincted. Depending on the wished number of
represented geosites, we can divide our database according to higher values. We used the Natural Breaks (Jenks)
method as it minimizes normal deviation between the elements of groups and maximizes the difference between the
groups.
Look at the numbers of the geosite assessment of the Csopak area of Balaton Uplands. We started our work in this small
area by designating nearly 450 potential geosites. After filtering built-up and mining areas, we had nearly 250. After
this step, we have decided to visit these sites. To reduce this number, we categorized the geosites according to
geological importance and vicinity of hiking trails. 75 geosites were visited and assessed during fieldwork. With the use
of Jenks’s method, 24 geosites were chosen to be represented. Most of these geosites were know before, but the
relevance of this work is proved by the 2-3 geosites that have no infrastructure built, but it would worth it.

THE FIRST GEOLOGICAL HIKING MAP OF HUNGARY
We started to design a geological hiking map following the outlines defined in Albert (2004). It was also an attempt to
test if an open source GIS software is capable for making a complete printable map. With the applied workflow all map
elements became part of a GIS with unique coordinates (but for example pictograms were SVG-edited in graphic
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software). To print the map, it was converted into high-resolution raster and the layout was made using CorelDraw. For
online publication the QGIS project could be an excellent material.
The map is unique, because except the small map edited by Albert (2002) as a part of a geological excursion guide, no
maps of this kind were designed before in Hungary. We hope that geotourists and local people will appreciate this work
as it strengthens the connection of locals with their environment, promotes the area in two languages (Hungarian,
English) and tries to foster nature conservation.

Figure 8. An excerpt of the geological hiking map surrounding Csopak and Lovas
In the future we plan to make our assessment work more accurate by asking for the opinion of tourists on each geosite.
By this interview, the factor of M-GAM will be more accurate, and we will get more realistic scores for every indicator.
We also plan to publish this map not just on paper, but on web too. There is also an idea of programming a mobile
Android application that contains our map and information about the sights and attractions of Bakony–Balaton
UNESCO Global Geopark. These projects are also capable of showing that nature preservation can also be done and
developed using digital and GIS approaches!
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Abstract
The article presents the results of a study of spectral signatures of the main three types of plant communities: Saline
lands, Salty steppes, Pine grass forests from the Altai region (Russia). Earth remote sensing data from the spacecraft
Kanopus-B and data from the unmanned aerial vehicle were used. The results of the experimental study showed partial
effectiveness of satellite data for decoding selected vegetation types. As a result of the carried out researches the
technique of joint use of satellite data and data from the unmanned aerial vehicle for regional mapping of vegetation
was tested. The results of the experiments have shown the possibility of efficient allocation of certain types of
communities according to the data obtained from the satellite. The data obtained from the unmanned aerial vehicle is
well used to identify local anthropogenic disturbances.
Keywords: geobotanical mapping, natural landscapes, ecosystems, remote sensing, unmanned aerial vehicle, multispectral image, spectrometric research, spectral signatures.

INTRODUCTION
Remote sensing is the science of obtaining information about an object by analyzing data obtained by sensors of a
device that does not interact with the object of study. When electromagnetic energy is supplied to any object on the
Earth's surface, three energy responses are possible: reflection, absorption and transmission (Lillesand et al. 2004). Part
of the reflected, absorbed and transmitted energy can vary from the type and state of the earth's surface. Thus, for two
objects of the same type, the spectral characteristics can be identical in one spectral range and vary greatly in another
wavelength range. The necessary element of Remote Sensing (RS) natural ecosystems are the spectral characteristics of
the objects of the earth's surface. At the same time, a set of attributes describing the objects should provide a level of
information and detail that allows distinguishing one object from another by its spectral properties (Chandra, Kosh,
2008).

MATERIALS AND METHODS
Investigations were carried out on three model sites: Saline lands, Salty steppes, Pine grass forests located in the Altai
region of Western Siberia, Russia (Fig. 1). Expedition investigations conducted route geobotanical methods (Korchagin,
1964). Description of plant communities are made on sites of 25×25 m – in forests and 10×10 – in steppes. At the sites
considered, the abundance of species detected floristic composition, determined by type of community, etc. Vegetation
Classification made on the basis of the dominant approach (Alexandrovа, 1969). The location coordinates of the sites
are determined by navigation GNSS equipment with an error of about 10 m.
Simultaneously with ground-based research performed survey of model sites using multi-rotor UAV such as the DJI
Phantom 3 Professional aerial photography were performed. Shooting steppe grassy vegetation was made from a height
of 50 m in total 5 plots with a total area of 1 km2 were shot. In addition, experiments were carried out to determine the
shooting height suitable for visual decoding of individual plants. When shooting foresry vegetation photography height
was about 100 m. A standard RGB camera with a focal length of 4 mm and a matrix resolution of 3000×4000 pixels is
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used for shooting. Pix4D capture was used as an autopilot. Materials processing executed in the software Agisoft
Photoscan.
To identify the spectral characteristics of objects, remote sensing data from the Kanopus-V satellite (date 02 August
2017) were used. Spectral ranges (channels): 1. Blue-0.46-0.51 µm; 2. Green 0.51-0.60 µm; 3. Red-0.63-0.69 µm; 4.
Near infrared 0.75-0.84 µm. In the study of spectral characteristics, descriptive statistics of spectral signatures of pixels
within the selected polygons of a raster image are used.

RESULTS AND DISCUSSION
On the experimental sites located in three different types of vegetation, a geobotanical survey was carried out,
community dominants and their cover were revealed, which creates the same picture in the picture. When solar
radiation passes through the atmosphere, its intensity changes caused by the influence of gases and aerosols present in
the atmosphere. As a result, satellite remote sensing data contain information not only on the surface but also on the
state of the atmosphere. We carried out the elimination of this distortion factor and the transfer of the image from the
units of spectral brightness to the units of spectral reflectance using the atmospheric correction procedure.
The spectral characteristics of Remote sensing data obtained from Kanopus-V and UAV were measured as a result of
the performed camera treatment. Examples of the spectral characteristics of the satellite are presented in Fig. 2, and with
UAV – on Fig.3. Satellite imagery in different spectral ranges are designed to capture current changes in the structure of
the vegetation (Fig. 2). Changes related to anthropogenic influences and other natural factors can be recorded on highresolution images (Fig. 3), as well as in the conjugate analysis of low spatial resolution data. It should be noted that the
materials of satellite imagery become more informative as they accumulate over the years and in different phenological
periods. These data are indispensable for monitoring ecosystem functioning. Spectrum variability and mixed pixels are
the main obstacles that need to be considered when solving the problems of thematic processing of spectral information.
Based on the analysis of data from four channels of satellite Kanopus-V, a study of spectral characteristics on test sites
was carried out. Mean intensities and dispersion for each spectral channel were obtained. Spectral profiles are averaged
over all test areas of each vegetation type. Analysis of the obtained data shows that, with the exception of Saline lands,
spectral profiles represent the classical spectral profile of green vegetation. Saline lands intensity values differ slightly
from others. The greatest differences are observed in the green and near infrared bands (2 and 4 channels). Thus,
multispectral data of satellite Kanopus-V can provide the possibility of automated decryption of Saline lands. In the
analysis of multispectral data, in some cases, use of index image. To obtain them on the basis of various combinations
of intensity values in certain channels, the most informative for the selection of the object under study, and the
calculation of these values of the "spectral index", an image corresponding to the index value in each pixel is
constructed.
It should be noted that the identification of the studied objects is problematic, since the accuracy of determining the
coordinates does not allow to uniquely identify the site in the pictures. Meanwhile, a 1-pixel error can significantly
affect the results of the definition (Fig. 3, A-B and C-D). If the site is bordered by features of other classes, the
discrepancies can be very significant.
The conducted researches show possibilities of allocation of the main structural elements of natural landscapes. With
the help of UAV, it is possible to accurately determine the projected coverage of forest vegetation, as well as to
determine the composition of growing rocks. These data can be extrapolated to areas with similar conditions. The
allocation of types of forest vegetations and their structure is possible only in the cameral processing of geobotanical
descriptions obtained as a result of expedition research, and remote sensing using UAV allows to obtain and identify the
spatial structure of vegetation, as well as to obtain additional cenotic parameters of vegetation.

CONCLUSION
Studies have shown the possibility of identifying vegetation in Remote sensing data of medium spatial resolution. The
spectral characteristics of vegetation have differences in reflectivity in the visible and near canal. An important role in
the near canal is the composition of vegetation. It was found that more radiation is transmitted in pine forests, and more
reflection is observed in the steppes. The considered spectral characteristics of objects can be applied to the information
received from the spacecraft Kanopus-V.
In conclusion, it should be noted that the use of unmanned aerial systems in the study of vegetation provides additional
material to determine the statistical significance of both abiotic and biotic environmental factors. Shooting with UAV
allows you to confidently determine the height of trees and species composition, but does not allow to identify shrubs
and even more so is not suitable for decoding grassy vegetation. Experiments have shown that the results of large-scale
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quadrocopter shooting are poorly suited for automated decoding using classical algorithms based on spectral brightness
analysis. Under these conditions, the obtained data are better used for visual decryption.
The experiments are part of the research aimed at developing a methodology for regional assessment of the ecological
state of vegetation of natural landscapes. An integrated approach using field observations, satellite and ground-based
data is needed. In further studies, a multispectral camera mounted on the UAV is supposed to be used to obtain
vegetation characteristics. The use of such a camera will allow to correlate the values of reflectivity of plant
communities obtained from the surface of the Earth without the influence of the atmosphere with the values of
brightness obtained from the satellite Kanopus-V, which will improve the reliability of automated methods of decoding
used for images from this satellite. Further GIS analysis of the results will reveal the quantitative relationship between
the remote indicators of the state of vegetation and the factors of anthropogenic load on the territory of the region.
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Figure 2. Registration sites and spectral signatures under the data to remote sensing from satellite Kanopus-V. A1-2.
Saline lands, B1-2. Salty steppes, C1-2. Pine grass forests. The diameter of the outer circle is 100 meters, the inner - 20
meters.
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Figure 3. Registration sites and spectral signatures under the data to remote sensing from UAV. A-B. Saline lands, CD. Salty steppes, E. Pine grass forests. The size of the square pads is equal to 20×20 meters.
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Abstract
This article presents the steps taken to ensure the consistency and usability of the geographic information system of soil
resources of Romania SIGSTAR-200 within INSPIRE, the Infrastructure for Spatial Information of the European
Community. At present, SIGSTAR-200 contains tens of thousands of polygons characterized by three attributes
collected from legacy paper maps, namely (i) soil mapping unit (SMU), including soil association, (ii) topsoil texture
class and (iii) skeleton class, all defined as stated by the national methodologies. In addition, each soil is characterized
concerning the risk of land degradation (by water erosion, wind erosion, salinization, alkalization, gleyzation and
waterlogging) through attributes inferred by expert system rules built on pedogenesis.
To achieve the compatibility and usability within INSPIRE, SIGSTAR-200 has been transformed in accordance with the
common Implementing Rules in force. To this end, first, the SMUs have been correlated at the dominant soil type level
with the international soil classification system World Reference Base of Soil Resources (WRB) to ensure the semantic
interoperability. Second, the SMUs, modeled as INSPIRE feature type SoilBody, have been populated with new
attributes. This step was performed for SIGSTAR-200 dataset in three coordinate reference systems (CRSs):
EPSG:3844 (CRS of Romania), EPSG:3035 and EPSG: 4258 (the last two CRSs being required or recommended by
INSPIRE). Finally, the data transformed in INSPIRE-compliant GML have been checked by the INSPIRE Validator
(Executable Test Framework), passing all the tests currently available for soil datasets, i.e., regarding (i) data
consistency, (ii) INSPIRE GML application schemas, (iii) information accessibility, and (iv) reference systems. The next
steps of the work, synchronized with the availability of the Executable Test Suites for the themes defined in Annex III of
the Directive, aim to fully validate SIGSTAR-200 GML and to conclude its first integration into INSPIRE.
Keywords: digital soil mapping, INSPIRE Directive, interoperability, spatial data infrastructure

INTRODUCTION
Over the last years, it was widely recognized that soils provide key ecosystem services in response to global existential
challenges in food security, water security, energy security, climate change, human health, and biodiversity. Besides the
focus on ecosystem services, current perspectives also explore moral and ethical values that people may have in relation
to soils (e.g., Grunwald et al., 2017). In this context, promising soil policies have emerged, built upon the recently
coined concept of soil security, to better address existential challenges as well as societal values and achieve the
Sustainable Development Goals set by the United Nations (e.g., Mc Bratney et al., 2017; Montanarella 2017).
This global context may pave the way for an appropriate legal framework dedicated to the protection of soils, which
would greatly benefit the ecosystems of Romania (Vintila et al., 2016). Its implementation requires, inter alia, data
easily available through the National Spatial Information Infrastructure, which is part of INSPIRE, the Infrastructure for
Spatial Information in the European Community (http://geoportal.ancpi.ro/geoportal/catalog/main/home.page;
https://inspire.ec.europa.eu/; Pashova and Bandrova, 2017).
This article presents the steps taken to ensure the consistency and usability of the geographic information system of soil
resources of Romania SIGSTAR-200 within INSPIRE. SIGSTAR-200 was chosen as a priority dataset because at
present it represents the richest source of soil information at the country level.
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METHODS
Model Input: Presentation of SIGSTAR-200 soil dataset
The SIGSTAR-200 dataset contains tens of thousands of polygons, originating from the legacy map “1: 200,000 Soil
Map of Romania”, which consists of 50 sheets (Florea et al., 1963-1994). We emphasize the difficulty of the data
collection, half of the soil delineations being smaller than the minimum legible area on paper defined at Cornell
University in the US (e.g., Rossiter 2000), thus having some insuperable effects on the overall digital data quality.
The first version of SIGSTAR-200 (Vintila et al., 2004) contains polygons characterized by three attributes collected
from the paper sheets, namely (i) the soil mapping unit (SMU), described according to the Romanian System of Soil
Classification SRCS 80 (Conea et al., 1980), along with (ii) the topsoil texture class and (iii) the skeleton class, both
defined in accordance with the National Soil Methodology (Canarache et al., 1987). Besides, each soil is characterized
concerning the risk of degradation (by water erosion, wind erosion, salinization, alkalization, gleyzation and
waterlogging) through attributes inferred by Dr. Ion Munteanu using expert rules built on pedogenesis (Vintila et al.,
2004). We also mention that an SMU can be composed of one soil or an association of up to five soils that could not be
separated at the mapping scale of the source data (Note: what is called ‘soil association’ by Romanian and other soil
surveyors is sometimes called ‘soil complex’, e.g., within USDA). There are 477 different soils and soil associations.
A recently released version of SIGSTAR-200 (2018) adds the correlation - at the levels of dominant soil type and
dominant soil class - with the Romanian System of Soil Taxonomy SRTS 2012+ in force (Vlad et al., 2014; Vlad et al.,
2015), as well as the correlation with the World Reference Base of Soil Resources (WRB) (Vlad et al., 2012a),
endorsed by the International Union of Soil Sciences and recommended by INSPIRE to ensure semantic interoperability
(EC 2013). Furthermore, the SMUs are defined in a formalized way, in order to minimize the narrative ambiguity of the
soil association descriptions and to facilitate automatic processing by parsing (Vlad et al., 2012b).
We provide in Table 1 the approximate proportions of soils within soil associations, based on the surface area covered
(Vlad et al., 2014). They should be henceforth considered in processing (e.g., to assess the spatial extent of the risk of
land degradation) and should replace the previous simplified processing based on the dominant soil of the SMU.
Table 1. Approximate proportions of soils within soil mapping units (Vlad et al., 2014)

SMU

Soil place in the enumeration describing an SMU
1

2

3

4

5

One soil

100%

0%

0%

0%

0%

Two soils

60%

40%

0%

0%

0%

Three soils

50%

30%

20%

0%

0%

Four soils

40%

30%

20%

10%

0%

Five soils

30%

25%

20%

15%

10%

Model Output: Generation of INSPIRE-compliant SIGSTAR-200 GML
In this paragraph, we have intensely used the INSPIRE ‘Implementing Rules’ and ‘Data Specification on Soils.
Technical Guidelines’, v 3.0 (EC 2013) that we cite only here for the entire section. According to these documents, the
application schema for the theme Soil comprises the following legal feature types: DerivedProfilePresenceInSoilBody,
DerivedSoilProfile,
FAOHorizonNotationType,
ObservedSoilProfile,
OtherHorizonNotationType,
OtherSoilNameType, ParticleSizeFractionType, ProfileElement, RangeType, SoilBody, SoilDerivedObject,
SoilHorizon, SoilLayer, SoilPlot, SoilProfile, SoilSite, SoilThemeCoverage, SoilThemeDescriptiveCoverage,
SoilThemeDescriptiveParameterType, SoilThemeParameterType, WRBQualifierGroupType, and WRBSoilNameType.
To model the soil mapping units (SMUs) of SIGSTAR-200, we have directed our attention toward the feature type
SoilBody. Figure 1 illustrates the part of the Soil UML Class Diagram focused on SoilBody. The neighboring feature
types are voidable, which means that they only are used when the corresponding data are available. For example,
DerivedSoilProfile is used when there are data on soil profiles associated to SMUs (Note: the INSPIRE feature type
DerivedSoilProfile is comparable to the better known concept of Soil Typological Unit). Thus, given that the SMUs of
SIGSTAR-200 are not generally associated with soil profiles, the application schema has allowed us to rely only on the
feature type SoilBody in order to transform our dataset into INSPIRE-compliant GML. This feature type is described in
UML by two mandatory attributes, inspiredId and geometry. However, one of the voidable attributes, soilBodyLabel, is
very important in our case, being directly linked to the legend items of SIGSTAR-200.
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Figure 1. Part of the Soil UML Class Diagram (EC 2013) focused on the feature type SoilBody
We have used the XML application schema Soil 4.0. Moreover, to achieve the transformation into INSPIRE-compliant
GML, we have evaluated several commercial and open source software products. In the end, we have provisionally
used INSPIRE Solution Pack for FME and the INSPIRE GML template for Soil (the latter made freely available by S.
Dupke of con terra company) that we have adapted to our dataset. Subsequently, we have performed the GML dataset
transformation into three coordinate reference systems (CRSs): EPSG: 3844 (CRS of Romania; Note: EPSG: 31700 is
deprecated), EPSG: 3035 (INSPIRE for spatial analysis and reporting) and EPSG: 4258 (INSPIRE for View services).
To conclude, the INSPIRE-compliant SIGSTAR-200 GML EPSG: 3035 and EPSG: 4258 have been checked using the
tests currently available for the themes included in Annex III of the Directive (http://inspiresandbox.jrc.ec.europa.eu/validator/). These tests refer to the following aspects (Figure 2): (i) data consistency, (ii)
INSPIRE GML application schemas, (iii) information accessibility, and (iv) reference systems.

Figure 2. Example of INSPIRE Validator Test Run for Data Consistency, General requirements
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The overall aim of the IT modeling has been to obtain an usable output consistent with all feature types of the Soil
application schema (listed at the beginning of this paragraph) as well as consistent with the feature types of the other
INSPIRE application schemas (Figure 3), with due attention to the ones related to Soil (such as application schemas for
the themes Elevation, Hydrography, Geology, Land Cover, Land Use, Protected sites, Natural risk zones, Biogeographical regions, and Environmental monitoring facilities).

...

√

√

...
SIGSTAR-200

...
Figure 3. SIGSTAR-200 as part of INSPIRE
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RESULTS
INSPIRE-compliant SIGSTAR-200 GML
SIGSTAR-200 GML that we have generated passed all the tests available in December 2017 for the themes listed in
Annex III. As an example, Figure 4 shows the results of the test suite shown in Figure 2.

Figure 4. Example of INSPIRE Validator results for Data consistency, General requirements
Giving the complexity of the INSPIRE GML encoding, this validation process is not trivial. In fact, SoilBody feature
type has maximum five attributes in the UML Class Diagram (Figure 1), while its INSPIRE GML encoding relies on
numerous properties. Meanwhile, we clarify that an SMU is uniquely identified by the property
inspireId.Identifier.localId. Figure 5 briefly illustrates some properties for a few SMUs.
To get a better insight into the INSPIRE-compliant GML description, Figure 6 presents the properties of an arbitrary
SMU (highlighted in green on the map), where we notice the complexity of description of the mandatory attributes. We
also notice that the only soil information is the SMU definition, stored in the GML property soilBodyLabel.

Figure 5. INSPIRE-compliant GML SIGSTAR-200 (1/2)

INSPIRE+ SIGSTAR-200
For applications at the national level, we have joined the INSPIRE-compliant SIGSTAR-200 GML with the table
containing the other attributes (mentioned in the Model Input paragraph) and generated an INSPIRE+ SIGSTAR-200
(SIGSTAR-200 v2.0). This is illustrated through an example in Figure 7, where we remark five attributes marked
within borders. They ensure, in the absence of associated soil profiles, the semantic interoperability, however only at the
levels of dominant soil type and dominant soil class, through correlation of the Romanian classifications with WRB.
SIGSTAR-200 v2.0 has a provisional View Service (http://194.116.136.107/arcgis/services/icpa/sigstar/MapServer
/WMSServer?) characterized by a visualization style where the colors illustrate soil classes, while the SMUs are areas
delineated inside the classes to which they belong (Figure 7). An improved style is in progress to deal with the 477
types of SMU (see a dedicated project in the Researchgate Profile ‘Virgil Vlad’). We consider this effort a promising
solution for the View Service of INSPIRE-compliant SIGSTAR-200 GML.
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Figure 6. INSPIRE-compliant GML SIGSTAR-200 (2/2)
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Figure 7. INSPIRE+ SIGSTAR-200 (SMU is abbreviated UCS in Romanian, i.e., Unitate Cartografica Sol)
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CONCLUSIONS
A significant number of eminent scientists, among whom Arrouays et al. (2015), Grunwald et al. (2017), McBratney et
al. (2017) and Montanarella (2017), have highlighted the irreplaceable role of soils in the securitization of socioenvironmental processes. Urgent soil protection measures are needed, which in turn request easily available
interoperable data. Admittedly, spatial information infrastructures constitute the top tech solution to address this
demand in the most appropriate way (Masser et al., 2008; Vintila et al., 2015, Pashova and Bandrova, 2017).
Aligned to the INSPIRE implementation roadmap, SIGSTAR-200 GML passed the available tests for the theme Soil.
The next steps, synchronized with the availability of the tests for the themes defined in Annex III, aim to fully validate
SIGSTAR-200 GML and to conclude its first integration into INSPIRE.
Meanwhile, we remark that while datasets with quasi-stable properties in time, such as SIGSTAR-200, serve as a
foundation for the theme Soil, other time-dependent spatial datasets should be added to meet the demands with respect
to soil security and, more generally, to contribute to disaster risk management. These types of data are mostly acquired
by remote sensing (forming time series) and are defined in INSPIRE as dataset series. Their prioritization firstly
depends on application - landslide forecasting (e.g., Brocca et al., 2012), soil moisture dynamics estimation (e.g., Prévot
et al., 2003; Kim and van Zyl, 2009), yield formation and forecasting (e.g., Baret et al., 2003; Launay and Guérif, 2005)
etc. - and, secondly, depends on the feature types foreseen so far in the application schemas (all feature types are
provided at http://inspire.ec.europa.eu/data-model/approved/r4618/fc/).
In addition, other envisioned steps regard the integration of point soil datasets. In fact, only starting from point data,
completely interoperable soil digital maps with associated uncertainties can be produced to support multi-level
environmental governance (Vintila et al., 2016; Vintila and Carabulea, 2018). Therefore, there is an urgent need to fully
leverage the potential of legacy and new soil point datasets by using recognized spatial statistics procedures in order to
properly address national demands, as well as to contribute to the Global Soil Map (http://www.globalsoilmap.net/) and
SOTER (https://esdac.jrc.ec.europa.eu/), a Soil component of the Danube Reference Data and Services Infrastructure.
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Abstract
In the context of the Paris Agreement, the problem of objective and complete accounting of the carbon sink in Russia’s
forests is of a great importance. The agreement gives a reason for revising practices and improving assessments of
carbon sink and carbon balance in Russia’s forests. According to Global Forest Resource Assessment FAO UN (2015),
the area of Russian forests has reached 20% total forest area of the world. Forests cover 67% of the territory of the
Russian Federation and are important for stabilizing climate in the country, as well as on the planet. The latest
National Greenhouse Gas Inventory Report under the UNFCCC (United Nations Framework Convention on Climate
Change) and the Kyoto Protocol (2017) underestimate the carbon sink in Russian forests. The upgraded methodology of
calculating the sequestration capacity of Russian forests has been developed and discussed. GIS support of the
methodology contributed to:
More accurate localization of the accounting categories of inventory;
Stratification of forests and forest management units, according to the forest site-growth conditions;
Differentiate the biomass expansion factor for the conversion of merchantable stock volume to aboveground tree
biomass and other parameters of calculations depending on forest stratification.
All operations performed by ArcGIS due to the available functionality and geospatial data analysis. More accurate
localization of accounting categories, rethinking and expansion of the list of categories being a subject of accounting,
stratification of forests and forest management units, the elimination of methodological ambiguities give a more
objective assessment of the Russian forest carbon sink. New assessment with upgraded methodology following the IPCC
and based on State Forest Register data for 2015 Net Ecosystem Production (NEP) of the Russian forests is about
630±110 million tons С/year including about 140 million tons C/year accumulated in dead biomass. According to our
research, a total gain of carbon sink compared to latest National Greenhouse Gas Inventory Report would be about 340
million tons C/year. The results of carbon accumulation and carbon balance assessments presented on the maps
Keywords: Russian forests, GIS, carbon sink, carbon balance assessment, net ecosystem production (NEP).
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INTRODUCTION
Russia’s forests cover 20% of the world forest area (Global Forest Resources Assessment, 2015), their carbon stocks in
living biomass makes up 11% of that of the world. They significantly contribute to the carbon balance of the planet and
represent an important factor in combating climate change. Practices within the Land Use, Land-Use Change and
Forestry sector (LULUCF) could be both a source of greenhouse gas (GHG) emissions and greenhouse gas removals by
sinks achieved due to sustainable forest management. Emissions are caused by deforestation, fires, harvesting and
wood-removals, etc. Thus, land use and forestry policies nowadays and in perspective by the time the Paris Agreement
takes place (after 2020) comprise a greater potential to mitigate climate change effect especially by CO2 accumulation
in forests. The experts predict the LULUCF sector by 2030 will allow for 25% reduction of all GHG emissions
submitted in Intended Nationally Determined Contributions (INDCs) by the countries that signed Paris Agreement
(Krug, 2018; Forsell et al., 2016). Russia’s LULUCF sector compensates currently for 20% of all other
sectors/industry’s emissions (National inventory report, 2017). Russia within the framework of the Paris Agreement
voluntarily committed to reduce GHG emission (as of 1990) by 25-30% by 2030 on the condition that carbon
sequestration in the forests is taken into account. When insisting on separate counting of forests in the Paris Agreement
Russia draws the attention to national forests that play a significant role in global climate change combatting and also
demonstrates support of the policies aimed to preserve and maintain forest lands, to increase carbon stock, and to
reaffirm the importance of promoting non-carbon benefits (http://unfccc.int/paris_agreement/items/9485.php).
The assessment of the forest management, forest use, reproduction and protection policies, and the way they mitigate
climate change subsequences, implies regular surveys of GHG emissions and removals on forest lands. In order to make
this assessment, national GHG inventories are conducted within the LULUCF sector. The Intergovernmental Panel on
Climate Change (IPCC) experts work on methodology and requirements for preparation of national GHG inventory
data. The results are published in national reports and national communications under the United Nation Framework
Convention on Climate Change (UNFCCC) and the Kyoto Protocol. Such reports in Russia are prepared by scientific
institutions and regional subdivisions of the Federal Service for Hydrometeorology and Environmental Monitoring
(Roshydromet), which also develop procedures of estimating greenhouse gas emissions by sources and removals by
sinks.
The Paris Agreement motivates the improvement of methods of estimating CO2 volumes absorbed by the Russian
forests and the objective assessment of CO2 emissions caused by certain LULUCF practices. The Russian forests carbon
sink capabilities were assessed by various scientific teams, yet these estimates result differ and show a high level of
uncertainty. The carbon sink counting in the Russian forests carried out by independent Russian and foreign research
teams, for example, presented: 173 Mt C/year (National inventory report, 2017), 520±99 Mt C/year (Pan et al., 2011),
690 Mt C/year (Dolman et al., 2012), 800 Mt C/year (Kudeyarov, 2005). So substantial differences in estimates could
be explained not only by different methods and data sources, but also by different terminology interpretations and
methodology inaccuracies when the counting applied to the same data. Two teams, for example, carried out their
assessment using publicly available forestry statistic data (State Forest Register data) and IPCC methodology but the
results vary substantially. The seventh national communication presented by the Russian Federation under the
UNFCCC and the Kyoto Protocol estimated net carbon sink in the Russian forests in 2015 as 173 Mt C/year,
(http://unfccc.int/files/national_reports/annex_i_natcom_/application/pdf/20394615_russian_federation-nc7-1-7nc.pdf)
while the other research work (Filipchuk et al., 2017) as 520 Mt C/year. Therefore, the problem with objective
assessment of carbon sink in the Russian forests is still there and calls for more research.
GIS support of the Russian forests carbon sink and balance assessments is usually limited to cartographic visual
presentations of the results (Zamolodchikov et al., 2014). The only exceptions are the research works of the team from
the International Institute for Applied Systems Analysis (IIASA). The Integrated Land Information System IIASA
provides with the facility to download the field, remote sensing, landscape, vegetation and soil data and process the
necessary information getting the parameters for counting carbon sink and balance in Russia’s forests (Schepaschenko
et al., 2015).
The analysis of different studies (Zamolodchikov et al., 2014, Moiseev & Filipchuk, 2009) reveals that total carbon
stock, annual carbon absorption and all in all carbon balance assessment accuracy depends on the proper way
assessment categories are defined and inventories counting entities are stratified and spatially referenced.
The research is aimed: to stratify forests with GIS support by site-growth (site-specific) conditions and productivity; to
group GHG inventory counting entities of LULUCF sector by strata; to produce maps that present the results of
counting forest carbon stock, annual net carbon increment, and carbon balance.
Implementation of GIS instruments is a component of the methodology we worked out for counting CO2 absorption by
forest lands of the Russian Federation and further referenced as Methodology (Metodika, 2017). The basis of the
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Methodology is formed by IPCC recommendations (Good Practice, 2003; Guidelines, 2006) and international legal
documents of the UNFCCC (https://unfccc.int/process).

MATERIALS AND METHODS
The methodology provides for using annual statistics reports data on the Russian forests. The data includes State Forest
Register records; industries’ records of commercial felling volumes; forest areas losses due to disturbances of
anthropogenic nature; data of the Federal State Statistic Service (Rosstat) reporting. Counting procedures are based on
data on two levels - local (by forest management units) and regional (by the subjects of the Russian Federation). Local
level data provided by State Forest Register deal with forest quality and quantity parameters, such as the dominant tree
species, age groups, the forest growing stock, forest growing stock increment, etc. Regional level data represent the
volume of timber harvested in forests, forest fire losses, forest losses caused by pests aggregated by the regions of the
Russian Federation.
The counting algorithms and the sequence of carbon assessment procedures are described in details in the publication
(Metodika, 2017). This methodology was tested by processing the data of the State Forest Register and federal statistics
of the year 2015, that was chosen in order to allow for results to be compared with those of the latest national GHG
inventory which was carried out for the same time period (National inventory report, 2017). In order to avoid
misinterpretations of national carbon balance estimates and allow those estimates to be aggregated to the global level, it
is important to follow assessment categories and terminology recommended by the IPCC. These assessment categories
are forest, managed forest and forest management. Pursuant to Article 3.4 of the Kyoto Protocol, national GHG
inventory reports are supposed to use “forest” with its spatial characteristics as assessment category. In Russia’s forestry
this category matches the one that is described as a land covered with forest vegetation and the other that is described as
forest land that have temporarily lost forest cover but trees to be restored (clear-cuts, burns, etc.). These two
subcategories together make up forest lands - the assessment category that is accepted by IPCC methodology
(http://www.ipcc-nggip.iges.or.jp) and should be used for national greenhouse gas inventory.
The distinctive feature of the developed methodology is that it takes into account carbon stock and carbon absorption
for all the categories of lands covered with forests. The assessments entities introduce, besides those of forestry, other
land categories covered with forest vegetation, including industry, electric power, transportation, defense and other
special use, settlements, specially protected areas. Many of these categories are not included now in national GHG
inventory and in the national communication under international climate agreements (National inventory report, 2017).
The assessment of carbon stinks and carbon balance in LULUCF sector is made for “managed forests” according to
IPCC guidelines. Managed forests are a terminological category voluntarily adopted for national reporting on
international agreements. IPCC glossary defines managed forest as a land where human interventions and practices
have been applied to perform production, ecological or social functions (Annex 4. A.1, Guidelines, 2006). Following
for IPCC guiding principles, countries should consistently apply national definitions of managed forests.
Forest lands in Russia, following Russian Forest legislation, are partitioned into protective, exploitable, and reserved (so
called “inaccessible forests”) sub-categories (Forest Code, 2006). Reserved forest lands represent areas, where no
merchantable wood harvesting is planned to take place for the nearest 20 years (Article 109, Forest Code, 2006). These
are the remote regions of Siberia and Far East forests. The role these forests play in supporting the biosphere ecological
functioning is many times greater than their merchantable timber value. The rationale of adopting “managed forests” as
a category for Russia’s national reporting on international climate agreements was substantiated in 2006. At that time
only protective and exploitable forest sub-categories were included in the “managed forests” category, and reserved
forest sub-category was not (National inventory report, 2006. http://www.ncsf.ru/uploads/userfiles/files/57.pdf), and
these forests are still not counted in national GHG inventory. The protective and exploitable forests cover 76.4% and
reserved forests - 23.6% of all Russian Forest Fund lands to date. As of 2015, the reserved forests cover approximately
200 million ha and their annual growing stock increment is about 240 million m3/year. In accordance with the modern
Forest legislation the reserved forests are protected against fires, pest infestation and diseases, used for non-commercial
firewood extraction; these forests are included in regional forest plans; and that’s why could be counted within the
managed forests category; and that’s what we accept in our methodology and experimental calculations. We estimate
this sub-category of forests, not counted in the national GHG inventory (2017), adsorbs about 120 Mt C/year. Figure 1
shows the reserved forest area that was included in our carbon counting.
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Figure 1. Spatial distribution of reserved forests (“inaccessible” forests)
IPCC methodology strongly insists on implementing ecological zoning or forest zoning on the site-growth (sitespecific) conditions for forest stratification in homogeneous sub-categories conducting national GHG inventories
(http://www.ipcc-nggip.iges.or.jp). Forest zoning on the site-growth (site-specific) conditions allows to take into
consideration Russia’s forest productivity as it depends on climate, geology and soil habitat and on proximate sub-arctic
or temperate climatic zones. The annual increment of the growing stock (forest productivity) is functionally related to
the richness of the site-growth (site-specific) conditions. Growing stock and annual increment of the growing stock for
various tree species present initial parameters for carbon stock and carbon net increment count. The biomass expansion
factor for the conversion of the growing stock and annual stock growth to the aboveground biomass and parameters for
the assessment of carbon stock in belowground biomass, dead organic matter, litter, etc. are applied to strata with the
same forest site-growth (site-specific) conditions. The linkage of the biomass conversion and expansion factor also and
other conversion ratios to forest stratum makes it possible to estimate carbon stocks in all the pools that recommended
by IPCC: living biomass, dead organic matter, litter relevant to Russia’s forests. Forest stratification is needed for
estimates because it also significantly reduces the uncertainty of the assessment of GHG emissions and removals at
regional and national levels.
Forest stratification by zonal-territorial polygons, entities with homogeneous site-growth conditions, was implemented
prior to quantitative estimations. The starting point of forest stratification was the map of site-growth conditions zoning
by S.F. Kurnaev (1973). Along with that there are prescriptive documents that regulate forestry in the Russian
Federation, which provide for using forest site-growth condition zones and forest regions approved by Ministry of
Natural Resources and Environment (An order N 569 dated 12/23/2015 and edited 03/21/2016). Strictly speaking, the
last one is the case of forestry zoning that partitions forest lands according to management regimes coherent with
practices of forest-use, protection and reproduction.
GIS functional capabilities made it feasible to combine these two cartographic sources and to merge the polygon layer
of forest site-growth conditions (Malysheva et al., 2017) and polygon layers of forestry zoning with the same
management regimes. Standard ArcGIS tools did spatial overlaying and combining the polygons of these two layers.
This way with the help of GIS instruments there was formed homogeneous strata for which corresponding biomass
conversion and expansion factor and conversion ratios are available to carry out the estimates of biomass, biomass
growth and other parameters needed to quantitative assessment of forest carbon stock and net annual increment of forest
carbon stock.
A digital database, that we prepared before, with the polygons of Russia’s forest management units (lesnichestvo)
(Malysheva et al., 2016) is used in this work to link the spatial data of forest management units with the stratum of
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forest zoning on the site-growth conditions. GIS overlays techniques made it feasible to superposition the polygons of
forest management units over the stratum polygons and link the data on forest lands to the stratum, and then, through
converting merchantable volume of growing stock to aboveground biomass and merchantable volume of net annual
increment to aboveground biomass growth, to count carbon stock and annual net carbon increment for forest lands.
Figure 2 presents the combination of stratum layer and forest management unit layer in ArcGIS.

Figure 2. Overlaying the forest stratum with homogeneous site-growth condition and forest management unit layers in
ArcGIS

RESULTS AND DISCUSSION
Reconsidered and extended nomenclature of the inventory objects for LULUCF sector; GIS supported methodology for
stratification of the GHG inventory objects; area and growing stock data at the forest management units level coupled
with zoning on site-growth conditions; differentiation of conversion ratios by strata - all these helped to calculate forest
carbon stock for forest management units, to estimate carbon sink and emission for the regions and finally to carry out
carbon balance for Russia’s forests.
Base map of forest land polygons was produced for spatial presentation of calculation results and for data placement in
accordance with the inventory object’s outline. The map of forests of the Russian Federation, where forests are
differentiated by dominant tree species and density of canopy cover, was transformed to be used in GIS environment for
organizing forest land polygons. The initial map was drawn up using the results of interpretation of MODIS satellite
images with spatial resolution of 250 m in visible bands of the electromagnetic spectrum and it is geo-referenced and
available in raster formats (TIFF and ArcInfo GRID) (http://www.forestforum.ru/gis.php). Raster to vector conversion
is implemented with the polygons subdivided into two groups: forest lands and not forest lands. The spatial basis (base
map) produced was further used to present visually the numerical estimates of carbon stock for Russia’s forests, carbon
net annual increment, annual carbon losses caused by anthropogenic activities, and carbon balance.
The calculating method provides for utilizing a number of quantitative and qualitative parameters. The main
characteristics of forest production and ecological potential are: dominant tree species and their groups, forest age
structure, forest growing stock and annual increment of growing stock. The thematic maps were compiled, and they
revealed: spatial patterns of dominant tree species; age groups of the main timber species groups (coniferous, softwood,
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hardwood); predominant stands age groups; average site-quality class for main timber species groups; prevailing
average growing stock of main species groups; average annual growth for main species groups. All the parameters are
spatially referenced within the forest land polygons, that represent CO2 inventory counting units of LULUCF sector.
The maps were prepared by ArcGIS.
Experimental testing of the developed algorithms together with a revised at a finer level of methodological approach
made it possible to carry out the estimates of carbon stocks for forests in general and for separate pools; annual carbon
increment for forests in general and for separate pools; carbon annual loss caused by anthropogenic disturbances; and
carbon balance of forests as of 01.01.2016. The results were presented in cartographic form at the concluding stage of
work. Figure 3 illustrates the assessment of carbon balance (NBP) - net carbon sink for Russia’s forests, which takes
into account carbon emissions caused by anthropogenic activities. Visually presented calculations results obtained for
annual carbon stock changes (NEP) and overall net carbon sink value (NBP) are similar to the numerical estimates
produced by a prestigious team of scientists from the International Institute for Applied Systems Analysis (IIASA). The
values differences fall within the estimation allowable uncertainty (Shvidenko & Shchepashchenko, 2014).
It is also worth to weigh our results against those of the latest national report on GHG inventory for LULUCF sector
that was submitted by Federal Service for Hydrometeorology and Environmental Monitoring (Roshydromet) and based
on the data for the same time (http://www.meteorf.ru/upload/pdf_download/NIR-2017_v1_fin.pdf). The net carbon sink
value of managing forests in the national report is estimated on the plus side, at 160.7 Mt C/year (without soils pool).
The calculations of net carbon sink value (NBP) that were performed based on our methodology ended up with 521.5
Mt C/year (without soils pool) as of 2015. It is also worth noting that forests as objects of GHG emissions and
removals inventory fall into a category of inherently high uncertainty assessment as admitted by the IPCC
(http://www.ipcc-nggip.iges.or.jp/public/2006gl/pdf/4_Volume4/V4_04_Ch4_Forest_Land.pdf). These uncertainties
could be up to 30% for both the above-mentioned methods took that into account National inventory report of the
Russian
Federation
on
greenhouse
gas
emissions
and
removals,
2006
(http://
www.ncsf.ru/uploads/userfiles/files/57.pdf). The methodology for carbon sequestration capacity assessment of Russian
forests developed and presented here is the result of research and has no official status yet. We still arrived at the
conclusion that the basic methodology, that was adopted by Roshydromet for national GHG inventory and reports under
international climate agreements, underestimated the value of carbon net-sink for the Russian forests at around 360 Mt
C/year.

Figure 3. Net carbon absorption in biomass of the Russian forests in the year 2015
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CONCLUSION
Due to GIS instruments, the finer stratification by homogeneous forest site-growing (site-specific) conditions and
management regimes for forest lands were performed. The standard functionality of GIS was provided to link the
spatial growing stocks and growing stock increments data on forest lands of forest management units with the stratum
of forest zoning on the site-growth conditions. With the help of GIS tools there were formed homogeneous strata for
which corresponding biomass conversion and expansion factor and conversion ratios were available to carry out the
estimates of biomass stocks and other parameters needed to quantitative assessment of carbon stocks and annual
increment of carbon stocks in the all forest carbon pools.
The estimations of carbon stocks and net carbon stock changes on forest lands in all carbon pools (i.e., aboveground
biomass, below-ground biomass, dead organic matter, litter) was made and presented on the maps. The maps were
prepared by ArcGIS.
Forest sub-categories of accounting (counting units) for national GHG emissions and removals inventory on the
LULUCF sector were localized and visualized better due to GIS contribution. Proposed methodology was tested by
processing the data of the State Forest Register and federal statistics of the year 2015. As a result, carbon stocks; carbon
sinks; annual carbon losses through biomass removals and finally the carbon balance of Russia’s forests were estimated
and mapped.
It could be concluded in comparing our assessments with those published in the national GHG inventory report on the
LULUCF sector (2017) that existing methodology underestimates the carbon sink in Russian forests up to 60-70%. It is
also worth noting that forests as objects of GHG emissions and removals inventory fall into a category of inherently
high uncertainty assessment. The range of estimates the carbon sink and carbon balance of forests with diverse sitegrowing conditions in a country the size of Russia would remain high.
Despite the substantial discrepancies between the results of carbon absorption/emission calculations for Russia's forests
at various case studies, the general conclusion is that the carbon sink in the forests is currently supported at a high level
compared to the baseline for the 1990. Considering the significant contribution of Russia's forests to the planet's carbon
balance, studies aimed at evaluating its potential to reduce anthropogenic GHG emissions need to be continued to
harmonize methodological approaches and reduce the uncertainty of estimates.
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Abstract
In general Kosovo is the rich country in the geological aspect. There are a numerous heavy metals which are located in
different depths in Kosovo territory. In this context, there are exploring a numerous national and international private
mining companies.
Digital Elevation Model is the key element for developing further geological exploration. Knowing of elevations and
terrain shapes including here, quotes, slopes and aspect will be useful for geologist engineers and mining exploration.
Therefore, the idea for developing of this paper is derived by abovementioned reasons. The main goal of the paper is
developing of Digital Elevation Model for the specific geological exploration area in Kosovo named Slivovo area.
Slivovo area has very interesting landscape form the point of view. As well from point of mineralization, suspecting that
there are a lot of useful underground minerals and there is exploring a private company, with their exploitation
intention.
In order to meet the intention of the paper, developing of Digital Elevation Model, its analysis and intepretation, we
will test and argue some of the main methods that are using nowadays in the worldwide. Whole methods will be tested
through the computer software, which is based in the concept and logic of Geographical Information Systems.
The Digital Elevation Model performedin the paper will give us a realistic view of the Slivovo area which will be saved
and expored in the specific digital file format. Therefore, this file could be used easily in different geological computare
softwares as well. The software used is a QuantumGIS, an open source software and whole of the methods applied in
the paper are supported by QuantumGIS software.
In the end of paper we will visualize, interpret and analys the performed results. The Digital Elevation Modelwill be
used in mining and geological exploration in Slivovo area, Kosovo.
Keywords: Open source software, Digital Elevation Model, visualization, analysing, application.

INTRODUCTION
A digital terrain models (DTMs) is a continuous surface that, besides the values of height as a grid (known as a digital
elevation model—DEM), also consists of other elements that describe the topographic surface, such as slope, aspect,
catchment and stream delineation (Podobnikar, 2005).
Rapid technological progress in electronics during the last years has resulted in increasingly more widespread
application of digital elevation models (DEM) in geomorphological and geological research (Badura and Przybylski
2005). A digital elevation model (DEM) is a digital model representing a surface which is presently used in many
appplications such as hydrology, geomorphology, geology and disaster risk mitigation (Tran et al., 2014). It is one of
the essential inputs in modeling or simulating landscapes as well as dynamic natural phenomena such as flooding, soil
erosion and landslides (Tran et al., 2014). DEM can be generated using photogrammetry, interferometry, ground and
laser surveying and other techniques (Mukherjee et al., 2013). Digital elevation models more and more frequently
replace traditional topographic maps in earth sciences (Badura and Przybylski 2005).
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In this study we are going to apply the vectorial model (TIN) and rasterial model (GRID) for developing DEM. The
DEM model is one of the most used dataset in the geographic information systems (GIS). The focus of the paper will be
in applying of DEM in geology exploration.

THE CASE OF STUDY
The Republic of Kosovo contains some kinds of natural resources, including here mineral deposits. There are a lot of
metallic and non-metallic minerals. The mineral resources located in Kosovo are part of interest of many national and
international mining companies in order to explore them. The specific part of this study is just Slivovo area, because of
high potencial of minerals which are exploring by an international company.
The study area is located in north-east of Kosovo centered on 42°35’51” N and 21°18’42” E. The case of study named
Slivovo. The area of the study is approximatly 200 hectares and the bounding coordinates (Y and X) in four corners of
area according the Kosovo coordinate system, known as KosovaRef01 are: 7526138.720, 4718910.351;
7526918.720,4717928.190 7525388.820, 4716879.455; 7524698.660, 4717818.368.
The area of Slivovo is located in four cadastral zones that are part of two municipalities (Pristina and Lipian). The
Slivovo area is characterized by dynamic relief with lowlands and heightlands, it is characterized with minimum
altitude 700m and maximum altitude 1014m. So the abovementioned feature of terrain are very interesting for
developing, analyzing and interpreting of the DEM. The Slivovo area is linked with Pristina-Gilan highway. In this
locality the coldest month is January while the high values of the temperature are reached in the July. The winds show
significant element of climate, the most of them going in north-west and north directions. Thevalue of annual rainfall is
approximately 740mm. The following Figure (Figure1) shows the position and shape of the study area named Slivovo
area.

Figure 1. Map of study area.

SOURCE DATA AND METHODOLOGY
Source data
There are five main sources of the elevation data for DTM: ground surveys, airborne photogrammetric data capture,
existing cartographic surveys (e.g. topo- maps), airborne laser scanning and stereoscopic or radar based satellite
imagery(Hengel et al., 2003). For this study is selected the ground survey technique of collecting the source data from the
field based on field measurement with terrestrial methods. The measurements are realized with GPS equipment (Leica
and Sokkia) based on KOPOS (Kosovo Positioning System) as part of GNSS (Global Navigation Satellite System)
family. From the field are captured Y, X coordinate and h (ellipsoidal height) of points determined by GPS.

Data quality
Before generating the DEM, one can know the expected quality that result from our capacity and what quality is
required with regard to the respected standards (Podobnikar, 2009). These are two main factor of driving production and
usability of DEM. one of the main factors is based on the source datasets and methodology for DEM production so it
should be deeply analysis. According to Podobnikar (2009), one of the DEM quality assessment goals is to fulfil the

132

Proceedings, 7th International Conference on Cartography and GIS, 18-23 June 2018, Sozopol, Bulgaria
ISSN: 1314-0604, Eds: Bandrova T., Konečný M.

requirements of spatial data standards. He highlighted that ISO (International Organization for Standardization)
distinguishes five elements of data quality: completeness; logical consistency; and three types of
accuracy (positional, temporal, and thematic). In this study we are concerned with accuracy (positional and vertical).
There are a large number of points captured from the field and these masurements are developed for a few days. The
points captured from the field for DEM production of Slivovo area have positional accuracy ±2cm and vertical accuracy
±4cm, as well as the density (spatial resolution) of points used in this study is approximately 5m. We deeply consider
that abovementioned statistics are appropriate valuable data for genereting DEM of Slivovo area. The proposed
procedure for quality assesment of DEM is based in processing and analysing of source data and production of needed
datasets.

Open source software
In order to process, analyse and produce the needed datasets is used an open source software named Quantum GIS,
which is free of charge software .Quantum GIS, or QGIS as it is called today, is an open source GIS founded by Gary
Sherman in 2002. Today QGIS is used by thousands of people all around the world and is increasingly becoming a
viable alternative to proprietary desktop GIS software. QGIS can be downloaded for free and runs on most operating
systems. (Osterman, 2014). When editing maps QGIS provides the user with several functions. This includes, for
example, digitizing of vector features, the possibility to add and remove points, lines and polygons from the existing
data and various symbol choices (Osterman, 2014). In this study is chosen to use version 2.18 of QGIS, it is useful
version for processing, manipulating and analyzing of the geospatial data as well as it is useful to achieve the intention of this
study. The following figure (Figure 2) is icon of QGIS software.

Figure 2. Icon of QGIS software

Kosovo coordinate system
The official reference coordinate system using in Kosovo is KosovaRef01. Whole of the this study is developed in the
Kosovo coordinate system, known as KosovaRef01, included here, source data captured from the field and its
processing in QGIS as well as DEM production, analysis and interpretations. The parameters of Kosovo coordinate
system (KosovaRef01) are given in the following table (Table1).
Table 1. Parametrs of KosovaRef01
Datum

ETRS89

Ellipsoid

GRS80

Map projection

Gaus-Krugger

Prime meridian

Greenwitch

Central meridian

21°E

Scale factor

0.9999

False easting

7 500 000 m

Prime parallel

Equator

False northing

0m

Origin of heights

Trieste-MoloSartorio
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Methodology
In general are known two main methods for DEM production, these includes vectorial structure of DEM generating
known as TIN (Triangulated Irregular Network) method and rasteric structure of DEM known as GRID method. The
DEM of the Slivovo area is produced by both of abovementioned methods. It is know that GPS measurements exactly
heights are ellipsoidal heights, those are not heights above geoid, known as orthometric height. So the points captured
from the field by GPS equipements need to be converted into height above geoid or orthometric height. To achieve this
intention, first of all is needed to calculate the difference between ellipsoid and geoid in the Slivovo area, known as
geoid undulation. Because Kosovo does not have defined the national vertical datum yet.The equation that links these
height measurementsis:

h(GPS)=H(leveling)+N (1)
or
H(leveling)=h(GPS)–N, (2)

where: N – geoid undulation, h – heights above ellipsoid, H – heights above geoid (orthometric heights).
Based on principle of above equation for transformation of ellipsoidal height into local orthometric height is used a
technique called “Two Step” transformation model and is developed by Leica Geosystem, which is based in control
points surrounding within the Slivovo area. In the generated report of “Two Step” transformation model, is concluded
that the difference between elipsoid and geoid for the Slivovo area is -45.58m. Now are known all elements for
continuing toward the intention of the study, exactly production of DEM, its analysis, interpretations and applications.

DEM GENERATION AND DEM VISUALIZATION
TIN
The triangulated irregular network (TIN) model is significant alternative to the vector structure of a DEM and has been
adopted by numerous GIS and automated mapping and computer packages (El-Heimy et al., 2005). In a TIN model, the
sample points are connected by lines to form triangles and within each triangle the surface is usually represented by a
plane. The surface will be continuous. As each triangle’s surface would be defined by the elevations of the three corner
points (El-Heimy et al., 2005). Based on the abovementioned source data, type of elevation, software used for
production DEM, is produced DEM of Slivovo area by TIN. It should be very qualitative DEM because of spatial
resolution or density of the source data used for its generating. In the following figures (Figure 4) shown DEM by TIN
method.

Figure 3. DEM generated by TIN
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GRID
Rectangular grid is one of the simplest ways of representing the DEM, the terrain surface is represented as a set of
elevations for points regularly distributed on the x and y coordinates (Hu, 2013). The simplicity ofalgorithms is the
advantage of the grid structure. Regular grids cannot be adapted to the complexity of the terrain surface. Thus, an
excessive number of datapoints are needed to represent the terrain by interpolating to acquire a certain level of accuracy
of the terrain (Hu, 2013). GRID surface of Slivovo area is developed with dimensions 3×3m, respectively with spatial
resolution 3m. Since the collected coordinates are not regularly points it was impossible developing the GRID surface
from source points. In order to solve this are combined some methods that supports QGIS software and finally is
realized production DEM by GRID method. There solution above mentioned is appropriate for providing the real view
of Slivovo area.The below figure (Figure 4) shown the DEM of Slivovo area by GRID method.

Figure 4. DEM generated by GRID

Visualization
Visualization process plays significant role in the DEM. In general, visualization has two main goals: the first one is
interactive visualization which helps the user explore digital surface and second one is static visualization which use for
comparingresults. In this study are used some of main forms of visualization for DEM of the Slivovo area. Let be
described those in the next sub-chapters.

Contours
This technique mostly is used for displaying relief. Those could be used for representing the elevation of the terrain. In
general, It is very useful technique but it has a disadvantage at least. The disadvantage of contour lines as a known
technique of visualization process is because those can not appear a perspective view of modeled terrain. For our study
are created two kinds of contours, which are processed by QGIS software. The contours created in the study are with
equidistance 5 meters (5m) and contours with equidistance 10 meters (10m). Those will be appeared in the next figures.
a)

b)

Figure 5. a) Contour lines (10m), b) Contour lines (5m)

Hillshading
Hillshading is a technique that is based to a specified azimuth and altitude of the sun (light). Based on this principle as
well as for the intention of this study (Slivovo area), we have designed visualization of the DEM according on
hillshading technique, which is very applied technique nowadays. In this study, the hillshading visualization technique
is performed in two of the digital surfaces, included here: TIN and GRID surfaces. The given elements to visualize the
Slivovo area are given in QGIS software and those are: azimuth of the light and the altitude of the light. For TIN surface
the hillshading visualization process is performed basen on: azimuth of the light equal to 280° and the altitude of the
light equal to 62° (next figures). To perform hillshading visualization for the GRID surface we have used different
values of azimuth and altitude of the light because to test and see the performed results and its differeneces if those will
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happen. The values of azimuth and altitude applied in the GRID surface are: azimuth of the light 300° and altitude of
the light 55° (next figure). Based on performed results in this technique of visualization process we can conclude the
hillshading visualization technique is very qualitative technique of the DEM visualization.
b)

b)

Figure 6. a) Hillshading of Slivovo area (TIN); b) Hillshading of Slivovo area (GRID)

Perspectiveview
QGIS software is able to install and deinstall different kinds of plugins from the web in every time. It offers a large
number of plugins that are very useful for processing and manipulation geospatial data and information. In order to
achieve the perspective view of the Slivovo area in this study we have installed and used an available plugins for
performing a perspective view of Slivovo area’s DEM. The abovementioned plugin is “QGIS2THREEJS”, in this plugin
we can view 3D objects in your personal computer web browser installed, as well as is needed a web browser which
supports WebGL. In this way is realized appearing of the Slivovo area in perspective view based on the “QGIS2THREEJS”
plugin. The following figure is the perspective view or realistic view of the Slivovo area’s DEM.

Figure 7. Perspective view of Slivovo area

ANALYSIS AND INTERPRETATION
According to study and its results, it could be concluded that Slivovo area was characteristic terrain for modelling,
analysing and interpretating. In order to have detail analysis of terrain, we have performed analysis of slope and aspect
with thin study terrain. The terrain analysis include slope and aspect, performed in TIN and GRID surfaces. As well as
worth to mentioned that slopes of Slivovo area are calculated in percentage and grade for TIN and GRID surfaces while
aspect means compass direction that a slope faces.
Based on performed results and generated graphical data in this study, it be interpreted that the Slivovo area has
extreme quotes of elevation from 710m to 1000m in TIN surface and extreme quotes of elevation from 712m to 996m
in GRID surface. It is a difference in the performed results but it depends from quality of source data and applied
methodology for developing digital surfaces. Most of cases, the difference in the results comes from density of
measured source points in the field, from dimensions of triangles to TIN method and from spatial resolution to GRID
method. In this case the spatial resolution of the GRID is 3m.
In the study is illustrated also the watershed and stream network delineation based on the generated DEM. It is
important process to perform drainage analysis in the Slivovo area. Geoprocessing analysis in this terrain is performed
to generate data on flow direction, flow accumulation, catchments, streams, stream segments and watersheds. In the
end, these data are used to develop a vector representation of catchments and drainage lines in order to be used in
network analysis.
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Below are shown the processed graphical data (maps) of the slopes in percentage and grade and as well as aspect of the
TIN and GRID surfaces.Also below are shown maps ofdrainage network and watersheds. All of the abovementioned
processes and results are performed and generated in QGIS.
A)

B)

C)

Figure 8. a) Slope (%) ; b) Slope (°) ; c) Aspect (%) by TIN
a)

b)

c)

Figure 9. a) Slope (%) ; b) Aspect (%); c) Slope (°) ; by GRID
a)

b)

c)

Figure 10. a) Drainage direction; b) watersheds; c) stream networks, calculated by DEM
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Figure 11. Stream segments, drainage and watersheds converted in vectorial format

DEM IN GEOLOGICAL APPLICATIONS
DEM has of significant use in the fields of geology, geomorphology, geophysics, coastal monitoring, seismic
monitoring, etc. There are many examples of applications include land form and geo-hazard mapping based on shaded
relief maps that provide insight to, for example, illumination angles, contour maps, aspect maps, or slope maps,
watersheds and stream networks. The related applications in this study cover DEM in geological applications which is
discussed in detail. This DEM generated in this study is able for using different kinds of goelogical exploration in order
to determine needed elements to meet mineralization. Knowing of heights, slopes, aspect, watersheds, stream networks
and drainage delineation, geologists have whole needed elements to achieve their proffesional explorations. As well as
the DEM could be easily be comined with drillings for modelling the geological aspect of the specific terrain in this
case the Slivovo area. This DEM also could be converted in different computational formats in order to use in any
geological software for the geological proccesing data. DEM generated, analyzed and intepretedin this study is used by
geologists in their exploration in Slivovo area indeed.

CONCLUSIONS
Whole of the methods and techniques used in this study are appropriate for achieving intention of this study.From the
study is achieved to have DEM of the Slivovo area.There are applied two methods: TIN and GRID methods, so will be
easier to compare perforemed results. The quality of the performed digital surfaces in the TIN depends from source data
and dimensions of triangles and its processing. In the GRID, the quality of digital surface depends from predefined
spatial resolution.
The visualization techniques applied assist to understand the terrain of the Slivovo area in the best way.
Analysis illustrated and intepreted as slopes, apsect, watersheds, stream networks, drainage will be very useful for using
the DEM esspecialy for geological applications. The maps generated in the study for the Slivovo area have neccessary
quality for further usage. As well as they will be very useful for for geologists in their proffesional applications.
Definitely, could be concluded that DEM and its analysis have signifficant role in the geological explorations or DEM
is the reference work for further geological exploration in order to meet a mineralization as a first step in mineral and
mining exploitations.
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THE EVALUATION OF THE IMPACTS OF THE CLIMATE
CHANGE ON DATÇA-BOZURUN SPA WITH GEOSPATIAL
DATA AND TECHNIQUES
Serkan Kemec
Van Yuzuncu Yil University, Faculty of Architecture and Design, Department of City and Regional
Planning, serkankemec@yyu.edu.tr
Abstract
Climate change, a multi-component phenomenon, affects the biodiversity at all levels from the organisms to biomes.
Climate change components could be listed as; temperature, rainfall, extreme events, CO2 concentration, Ocean / Sea
dynamics. Sea-water temperatures and sea level changes in the world and Mediterranean scale, at local scale, the
temperature and precipitation data related to the area, CORINE Land Cover data, Normalied Difference Vegetation
Index (NDVI) products, have been investigated for the potential use to determine the possible effects of climate change
on the Datca – Bozburun SPA by using endangered flora and fauna species observation data. Results of the study
showed that evaluated spatial data and spatial decision support tools have huge potential to construct specific,
measurable, achievable, realistic and timely strategies to preserve the SPA’s from the negative effects of the climate
change.
Keywords: Climate Change,CORINE, NDVI, Spatial Protection Areas (SPA)

INTRODUCTION
To identify the impacts of climate change on the species and habitats in Datça-Bozburun Special Protected Area, define
necessary precautions and enhance capacity to adapt climate change in the region. Main outcomes of such a study can
be listed as follows: Climate change adaptation strategy and action plan for the SPA, Awareness and local capacity
enhanced in the region on the adaptation to climate change and Strategy and action plan preparation experience on
climate change disseminated to other SPAs
Climate change, a multi-component phenomenon, affects the biodiversity at all levels from the organisms to biomes.
Climate change components could be listed as; Temperature, Rainfall, Extreme events, CO2 Concentration, Ocean / Sea
Dynamics (Bellard C., et al. 2012). Strategies, developed to remove or manage the impacts of climate change on
biodiversity, constructed mainly on the general principles that can be listed as;
•
•
•
•

Building corridors to increase permeability
Increase understanding of genetic diversity and viability of populations
Provide buffer zones around preserves
Take a macro-dynamic perspective in management decisions

The adaptation planning work, which includes these general strategies, involves several key steps that require the
cooperation of field managers, the public, scientists, lawmakers and economic supporters all together. These key steps,
common in most all spatial planning activity (Heller N. and Zavaleta S., 2009);
•
•
•
•
•
•

Determination of purpose and related targets
Evaluation of the effects
Development of adaptation measures
Experiment
Monitoring / evaluation
Application

For each of these listed steps, there is a need to use decision support tools so that the interested phenomenon can be well
understood. At this point, Geographic Information Technologies (GIS), Remote Sensing (RS) and Spatial Data Analysis
have been identified as important tools. Precise tracking of critical parameters at different spatial and temporal
resolutions is possible in many ways in today's spatial data intensive environment. For example, it is now possible to
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identify and inspect sensitive terrain elevations or forest canopies at high spatial resolution and at very low cost with
Unmanned Aerial Vehicles (UAV). On the other hand, detection and following the changes of Land Cover can be done
with the integrated use of GIS and RS technologies. Spatial Data Analysis provides tools for the detection of
biodiversity relationship with land cover, and fuzzy methods have a significant potential for the detection of transition
areas (Foody G.M., 2008).
In this context; Sea-water temperatures and sea level changes in the world and Mediterranean scale, at local scale, the
temperature and precipitation data related to the area, CORINE Land Cover data, Normalied Difference Vegetation
Index (NDVI) products, have been investigated for the potential use to determine the possible effects of climate change
on the Datca – Bozburun SPA by using endangered flora and fauna species observation data.

STUDY AREA AND DATA SETS
Datca-Bozburun SPA protection status annouments date is 21.11.1990, the area of the SPA is 1443,89 km2, the number
of the person, living in is 26.324 (according to the 2009 census), Datca-Bozburun SPA covers %0,185 of Turkey (figure
1).
To fulfill the aim of the study; Sea-water temperatures, temperature and precipitation data, CORINE Land Cover data,
Normalied Difference Vegetation Index (NDVI) products, have been investigated for the potential use to determine the
possible effects of climate change on the Datca – Bozburun SPA by using endangered flora and fauna species
observation data.

Figure 1. Red areas of the first map shows the 16 SPA’s of Turkey and the bottom one is the border of the Datca –
Bozburun SPA
Flora and fauna precense of the study area:
Flora: Datça-Bozburun SPA is an important region in terms of habitat diversity. According to the EUNIS habitat
classification system, Datça-Bozburun region contains 32 different habitats. Most of these habitats are under the basic
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habitat class “F : Heathland, scrub and tundra”. Six of the 32 habitats were identified as priority habitats in the
conservation area. These habitats; Posidonia beds, Embryonic shifting dunes, Terrestrial quillwort communities,
Liquidambar orientalis woods, Anatolian Phoenix theophrasti groves, Coniferous woodland dominated
by Cupressaceae or Taxaceae
Fauna: Datça-Bozburun SPA is an important part of Anatolia located in the south-western and has rich marine and
terrestrial diversity. 817 marine and terrestrial invertebrates, 183 marine fishes, 4 amphibians, 26 reptiles, 126 birds, 33
mammals, and a total of 1189 species live in the region. Ottoman's Copper (Lycaena otomana), Turkish Red Damsel
(Ceriagrion georgifreyi), Common Smoothhound (Mustelus mustelus), Sandbar shark (Carcharhinus plumbeus),
Angelshark (Squatina squatina), Mediterranean Spur-thighed Tortoise (Testudo graeca), Audouin`s Gull (Ichthyaetus
audouinii), Cinereous bunting (Emberiza cineracea), Wild Goat (Capra aegagrus), and Mediterranean Monk Seal
(Monachus monachus) could be key/indicator species for Datça-Bozburun SPA. Furthermore, invasive lessepsian fishes
such as Silver-cheeked Toadfish (Lagocephalus sceleratus) or economically important species such as Marchalina
hellenica, which plays a major role in the production of honeydew honey, could also be monitoring determining the
impacts of climate change on the region.

METHODOLOGY
In the scope of the study, the methods mentioned above was used to determine the effects of climate change on
biodiversity, to take the measures and to develope the strategies for increasing adaptation capacity. In this context; Sea
water temperature and sea level changes in the World and Mediterranean scale, at the local scale temprature and
precipitation data, Land cover (CORINE) and NDVI have been compiled and evaluated for potential use of climate
change to determine the possible effects.
Figure 2 represent the Sea-water temperatures changes in the world Mediterranean Sea is in the dark ogange and red
area. It means in the global scale Turkey is situated on a problematic point in the general picture with its long shoreline.
On the other hand, Datca-Bozburun SPA is on the close region to the red regions within the meaning of the sea level
changes (figure 3). These two global data shows the general picture of the world and the situation of the study area in
this general picture.

Figure 2. Global Sea Surface temprature anomalies (Nov. 1982 – Agu. 2012)
Source: httpwww.ospo.noaa.govProductsoceanindex.html
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Figure 3. Mediterranean sea level trends (mm/year) Jan. 1993 - June 2014
https://www.aviso.altimetry.fr/en/applications/navigation-by-area/mediterranean-sea.html
As a result of collective evaluation of temperature data from 9 stations (Table 1) used in the study, the overall increase
in temperature of the SPA about 0.5 to 1 C (figure 4). It has been determined that this increase is about twice as high as
the center than in the eastern and western ends of the study area.
Table 1. Temprature data station name and temproral data depth
Station number

Station name

Temproral depth

1
2
3
4
5
6
7
8
9

BODRUM
MERKEZ
DALAMAN
FETHIYE
DATCA
MARMARIS
MILAS
YATAGAN
KOYCEGIZ

1938 – 2017
1930 – 2017
1956 – 2017
1940 – 2017
1965 – 2017
1959 – 2017
1963 – 2017
1967 – 2017
1963 – 2017

Figure 4. 1970-2016 Temprature Changes
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As a result of collective evaluation of precipitation data from 9 stations used in the study, the overall increase in
precipitation of the SPA about 20 to 40 mm (figure 5). It has been determined that this increase is about twice as high as
the eastern and western ends than in the central regions where the temperature is relatively less increased.

Figure 5. 1970-2011 Precipitation Changes
CORINE data of the European Environment Agency (EEA), for the purpose of gathering information on land-cover
issues (air, water, land cover, coastal erosion, biotopes), constitutes another data item. CORINE data were compiled for
the years 1996 (figure 6), 2000 (figure 7), 2006 (figure 8) and 2012 (figure 9).

Figure 6. Generalized 1990 CORINE classification

Figure 7. Generalized 2000 CORINE classification
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Figure 8. Generalized 2006 CORINE classification

Figure 9. Generalized 2012 CORINE classification
According to the areal distribution of the generalized 1990, 2000, 2006 and 2012 CORINE Land Cover classes;
percentage of the artificial areas is increased %0,76 to %1,06, percentage of the agricultural areas is increased %13,81
to %14,16 and last of all percentage of the forest and semi natural areas is decrased %85,43 to %84,78
The NDVI results used in the study were obtained from Moderate Resolution Imaging Spectroradiometer (MODIS)
Terra. MODIS images are made up of 36 different spectral bands, with a spatial resolution of 250 m. The Normalized
Difference Vegetation Index (NDVI) calculation method is mainly based on the evaluation of near infrared (NIR) and
visible red (R) wave lengths in the electromagnetic spectrum.
The reflectance of the chlorophyll pigment contained in the vegetation is high in the the near infrared wavelength region
and low in the visible red wavelengths regions, allows a comparison to be made in this sense.
𝐍𝐍𝐃𝐃𝐕𝐕𝐈𝐈=(𝐍𝐍𝐈𝐈𝐑𝐑−𝐕𝐕𝐢𝐢𝐬𝐬𝐢𝐢𝐛𝐛𝐥𝐥𝐞𝐞 𝐑𝐑𝐞𝐞𝐝𝐝) / (𝐍𝐍𝐈𝐈𝐑𝐑+𝐕𝐕𝐢𝐢𝐬𝐬𝐢𝐢𝐛𝐛𝐥𝐥𝐞𝐞 𝐑𝐑𝐞𝐞𝐝𝐝)

The NDVI values were obtained monthly for 17 years (2000-2016) period. The aim here is to understand how NDVI
values change over the years. When the annual average changes in vegetation between 2000 and 2016 are examined, it
has been found that the increase in urbanization and agricultural activities spreads has caused in the decrease of
vegetation (figure 10). On the other hand, the relation of the summer forest fires experienced throughout the region and
the reduced vegetation areas should be studied separately.
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Figure 10. 2000 – 2016 Vegation change areas by using NDVI

RESULTS AND DISCUSSIONS
When the distribution of critical species detected in the region is evaluated together with the results of temperature
change, it is observed that most of the critical fish, insect, flora, bird, mammal and reptile species identified throughout
the Datca Peninsula are located in the central regions where the temperature has increased more than other parts of the
study area.
Moreover, the distribution of critical species detected in the region is evaluated together with the results of precipitation
change, It is observed that the critical species identified during Datca Peninsula, and especially the Datca Dates
(Anatolian Phoenix theophrasti groves), which is an endemic species, is located to the east of the peninsula, where
rainfall has increased relatively less.
When the distributions of critical species identified in the region are evaluated together with the results of vegetation
change, it is observed that the critical species identified during the Datca Peninsula and most importantly the Datca
Dates (Anatolian Phoenix theophrasti groves) propagation areas, have been dispersed in areas where plant existence has
decreased.

Figure 11. Distribution of critical species overlayed with the 2000 – 2016 Vegation changes
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The above mentioned methods were used to determine the impacts of climate change on biodiversity, to take measures
and to develop strategies which are needed to increase the adaptation capacity. In this context;
•

Sea-water temperatures and sea level changes in the world and Mediterranean scale,

•

At local scale, the temperature and precipitation data related to the area,

•

CORINE Land Cover data,

•

Normalied Difference Vegetation Index (NDVI) products,

have been investigated for the potential use to determine the possible effects of climate change on the Datca – Bozburun
SPA. Results showed that evaluated spatial data and spatial decision support tools have huge potential to construct
specific, measurable, achievable, realistic and timely strategies.
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Abstract
We present analyses of marine seabed habitats in the areas of detailed survey in the southern part of the Barents
Sea.The actual material was obtained during the 28th cruise of the RV Akademik Nikolay Strakhov (cruise TTR-18,
UNESCO-MSU, Geological Institute, RAS, 2011). The hydroacoustic data includes multibeam (MBE) bathymetry and
backscatter data (more than 6200 km), side scan sonar data (about 800 km), and subbottom profiling data (the total
length is 6500 km). Data on the composition of benthos and benthic communities were obtained by a towed underwater
video system (16.5 hours) and by biological and geological sampling (dredge and tube) (57 stations). Based on the
results of the geological-geomorphological and biological analysis, a comprehensive geoinformation database is
created in the ArcGIS environment. We present geomorphological and biological characteristics of habitats for the
areas of interest.
Keywords: marine seabed landscapes, multibeam echosounder data, side scan sonar data, underwater video recording,
bottom sampling, pockmarks, salt diapir, benthic communities

INTRODUCTION
The shelf of the Arctic seas, and especially the Barents Sea, is the subject of active economic development, exploration
and extraction of marine biological and mineral resources. The Barents Sea is of special interest with the development
of new gas and oil deposits. Increasing anthropogenic pressure on natural resources of the world ocean requires

148

Proceedings, 7th International Conference on Cartography and GIS, 18-23 June 2018, Sozopol, Bulgaria
ISSN: 1314-0604, Eds: Bandrova T., Konečný M.

scientifically sound rational use of marine resources, as well as monitoring and forecasting of the dynamic conditions of
marine landscapes. The emergence of new remote methods of marine ecosystems investigation and mapping (Clarke et
al, 1996, Fossa, 2005, Schoening et al, 2012) increase the relevance of study of underwater landscapes. A direct visual
study of marine ecosystems is accessible only within shallow coastal zone and is limited by depths for human diving. In
other cases underwater vehicles are used for visual research. Therefore marine ecosystems and landscape study is costly
and time consuming and allow limited areal coverage, which causes a general low level of knowledge. It requires
extensive involvement and development of additional remote methods, as well as integrated data analysis. The study
area of North–Kildinsky gas deposit is of high interest for ecological studies, as a potential mining area endangered by
subsequent reduction of biological and landscape diversity. In addition, this sector of the Barents Sea was "gray zone"
(Fig. 1) between Russia and Norway for a long time and was not investigated by modern methods. Solved issue of the
disputed economic interests between Russia and Norway resumed interest in the area.
The Barents Sea landscapes are explored mainly on large scale (Zenkevich, 1963, Sorokin, 1987, Kiyko and Pogrebov,
1998, Novikov and Plotitsyn, 2003, Petrov, 2009). Detailed studies and monitoring sites are concentrated mostly in the
coastal zone in Murmansk region. Main subjects of marine ecological studies are general biodiversity and
bioproductivity of the Barents Sea or studies of specific species. Despite a large number of scientific and applied studies
of marine landscapes (Guryanova, 1962, Markov, 1968, Lymarev, 1985, Poyarkov, 1980, Manuilov, 1982,
Preobrazhensky and others, 2000, Petrov, 2009), there is still no complete developed methods for their investigation and
no clear definition of the concept. Habitat mapping tehniques and seafloor classification methods using remote
hydroacustic methods such as MBE and side-scan sonars has been developed in last two decades (Buhl-Mortensen et al,
2015, Dolan et al, 2009). Economically developed countries such as the USA, Norway, Canada and others have federal
programs aimed at effective and multipurpose application of time and resource consuming data (Pickrill and Todd,
2003, Buhl-Mortensen et al, 2015).

149

Proceedings, 7th International Conference on Cartography and GIS, 18-23 June 2018, Sozopol, Bulgaria
ISSN: 1314-0604, Eds: Bandrova T., Konečný M.

Figure 1. Study area in the southern part of the Barents Sea, the boundaries of licensed areas in the Norwegian and
Russian waters, the survey coverage for the TTR-18 cruise (28 cruise of the RV Akademik Nikolai Strakhov) and the
position of geological stations (MSU, Geological Institute, RAS, 2011). The figures indicate the study polygons: 1"Channel", 2- "Northern Diapir", 3-"Southern Diapir", 4- "North–Kildinsky (Fedinsky swell)", 5-"Pockmarks".

Site description
The study area is located on the Eurasian shelf within the southern part of the Central Barents Hight and is a region of
subhorizontal shelf plains [Buhl-Mortensen et al, 2015, Smelror et al, 2009]. The bottom sediments are represented by
sandy and silty sediments of the Triassic, Jurassic and Cretaceous age accumulated in the conditions of a warm shallow
basin [Smelror et al, 2009]. In the Late Cenozoic, the rocks underwent substantial glacial erosion [Buhl-Mortensen et al,
2015]. Within the region, there is a transition from seasonal cryozone to permafrost [Soloviev & Ginsburg, 2004]. The
area is located in the active neotectonic zone [Krapivner, 2006, Musatov, 1998]. Complex morphology of the region is
characterized by salt tectonics (salt diapirism), imposed by glacial denudation processes, as well as degassing processes
expressed in the relief by numerous pockmarks. The salt domes were formed by raising sediments of salt of Permian
age. Salt diapirs form gas and oil traps in the tilted sedimentary layers. Seepage of gas through the water column occurs
with the formation of specific forms of relief - pockmarks, funnels with diameter from 10 m to more than 1000 m.
According to our data, pockmarks have a wide distribution in the Russian as well as in Norwegian sector of the Barents
Sea. The animal population of the bottom of the Barents Sea includes, according to various estimates, from 1500 to
2,435 species [Denisenko , 2010], mainly of the foraminifera, sponges, coelenterates, annelids, crustaceans, mollusks,
echinoderms and shells [Zenkevich, 1956].
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DATA AND METHODS
The main study objective is to characterize marine landscapes, or habitats (Dolan et al, 2009) in the area of detailed
survey in the vicinity of North –Kildinsky gas deposit in the southern part of the Barents Sea. We define marine
landscape as a homogeneous part of the bottom, characterized by the unity of the geological structure, bottom
sediments, conjugated with the geomorphological features of the area, bottom water mass, characteristic composition of
the benthic communities (Manuilov, 1982, Preobrazhensky, 1984, Lymarev, 1985, Mitin, 2011). The actual material
includes a large amount of hydroacoustic and biological data obtained during the TTR-18 cruise (Training-ThroughResearch program, UNESCO Intergovernmental Oceanographic Commission, Moscow State University) and 28th
cruise onboard RV Akademik Nikolay Strakhov (Geological Institute Russian Academy of Sciences, 2011). The data
was collected within the program TTR-18 and program of the Presidium of the Russian Academy of Sciences. The
hydroacoustic data includes: multibeam echosounder (MBE) data (more than 6200 km); backscatter data from MBE
(more than 6,200 km), the side-scan sonar SONIK (about 800 km) and information on the structure of the upper
sedimentary cover, obtained by sub-bottom profiler (the total length of the profiles is 6500 km) (Fig.1). Data on the
composition of benthos and benthic communities were obtained by the towed underwater video (TUV) unit (16.5
hours), by biological and geological sampling (dredge and tube) (57 stations).
The study includes geological and geomorphological interpretation and analysis of hydroacoustic data. Video and
biological sampling data provides information on benthic communities, species composition and abundance as well as
for identification of individual elements of underwater habitats. Based on the results of the geologicalgeomorphological and biological analysis, a comprehensive geoinformation database is created in the ArcGIS
environment. Future work includes GIS-based classification of habitats based on correlation between morphological
structures, geological composition of seabed and distribution of benthic species and communities abundance (e.g. Dolan
et al, 2009).

Multibeam echosounder data acquisition and processing
The MBE data collection, post processing and gridding were performed by the Geological Institute Russian Academy of
Sciences during 28th cruise onboard RV Akademik Nikolay Strakhov. Data was collected with RESON sonar MBE
systems, which included shallow (SeaBat-8111, 100 kHz) and deep water (SeaBat-7150, 12 kHz) multibeam echo
sounders, GPS, motion sensors and sound velocity sensors. Data aquisistion and post-processing was carried out in
RESON PDS2000 Software. The MBE system was calibrated and motion corrections were applied to the data. Post
processing included application of sound velocity corrections and removal of the outliers using filters. The average
effective width of the survey line was about 600 m. During the 28th cruise ~ 6,200 km2 of bathymetric survey was
performed. Multibeam data was gridded using Golden Software Surfer with inverse distance to power interpolation
(power = 0.5). The resolution of GIN RAS multibeam grids varies depending on the area.

MBE backscatter data (more than 6,200 km) SONIC side scan sonar (about 800 km)
More than 6,200 km of MBE backscatter data as well as about 800 km of SONIC side scan sonar data was collected.
The MBE detects the values of the amplitudes received acoustic signal (sonar mode of the MBE) (Sokolov et al,
2017b). From the amplitude data a sonogram of the seabed similar to side scan sonar (SSS) recording is formed
(Sokolov et al, 2017b). The processing of the received sonograms is similar to the processing of the SSS data and
results in a sonar mosaic. The intensity of the acoustic signal is written directly in the depth record file. The MBE data
was exported to XTF and SGY formats, which are industry standards for combined echosounder systems. Data
processing includes band filtering and determining the settings of the signal amplification parameters, eliminating of the
water column (determination of the first arrivals) and processing of an area-based sonar mosaic. The amplification
procedure was used to equalize the amplitudes of the signals, with the AGC parameter setting (Auto Gain Control) with
the maximum resolution parameters and the average intensity. Finally, some additional filters were applied to visually
improve sonar mosaic: removing the first meters of the central part of the record, dividing the profiles into parts.

Sub-botom profiler data acquisition and processing
Extensive data (6500 km ) on the upper part of the sedimentary cover (upper 100 m) was acquired with high-speed
profilograph EdgeTech 3300 (USA). For further spatial interpretation of the geological structure, and characterization
of the spatial distribution of lithological and structural features a method of picking (interpretation with digitization) of
acoustic data is used (Sokolov et al, 2014, Sokolov et al, 2017a). Sub-bottom profiler data together with MBE sonar
data is analyzed for the following events in the software environment RadExPro (Russia): gas flares, zones with high
acoustic reflective properties (outcrops of hard rocks), zones of concentration of gas funnels (pockmarks).
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Underwater video recording
Video data were collected with the TUV unit, and resulted in 18 video profiles with 16,5 hours of video footage.
Location of the profiles is shown in Figure1. The Towed Underwater Video (TUV) included deepwater box with 3
megapixel digital IP video camera Arecont Vision AV3105AI (sensitivity of 0.2 lux). The optimal distance of the
camera to the bottom surface is 1-3 meters, while the surface area of the bottom surface (area of the video frame) is 310 m2. The optimal speed of motion during the video profiling is 0.4-0.6 knots. Processing of video profiles includes
georeferenced fixation and identification of species composition, relative abundance, as well as the description of
benthic communities in mass forms (Ilyushin, 2014). Each video profile was viewed at least twice. Underwater video
data allows to identify the fauna without quantitative assessment, as well as to identidy marine landscape characteristics
such as sediment types and associated biodiversity. At this stage of the work, only a qualitative assessment of the
composition of the epimacrozoobenthos was carried out. A possible methodology for quantitative or semi-quantitative
assessment of the relative abundance of animal species is under development. Based on the results of processing video
profiles, distribution of different types and classes of benthic animals have been summarized within the studied
polygons.

Biological and geological sampling
Geological sampling provided mass forms of benthos for biological studies. The main objectives for biological
sampling included description of the benthic macro-fauna, collection of species for genetic database and search for
species which indicate methane sipping. The geological sampling included 47 stations of gravity corer (the upper most
10-15 cm part), 7 stations of geological dredge (the soft sediment) and 3 stations of Van-Vin’s grab (Vodopianov,
Kolbasova 2012). The location of stations used in this study is shown in Figure 1. The sediment was washed through
0,5 mm sieve with sea water. The collected animals were fixed with neutral 4% formaldehyde and specimens of the
most widespread species were fixed with 96% ethanol for further genetic studies (Vodopianov, Kolbasova 2012). The
animals were defined with taxonomic keys. Additional biological information was provided by underwater –TV
profiles. The processing of biological sampling data includes the study of species composition, relative size, as well as a
description of the bottom communities in mass forms of benthos at geological stations. The benthic animals collected
during the geological sampling and the benthic animals recorded on the video recordings were disassembled into
groups, identified to genera and species. As a result, a table of their occurrence by stations was compiled (Vodopianov,
Kolbasova 2012, Kiseleva et al, 2016).

RESULTS
Hydroacoustic survey (ссылки на рисунки) was carried out at five polygons, as well as on transit lines between the
polygons. The polygons are shown in Fig. 1. and have the conventional names "Southern Diapir", "Northern Diapir",
"Channel", "Pockmarks", and " North–Kildinsky ". The MBE survey revealed detailed morphology of several diapirs of
the salt genesis and the section of the underwater channel. In the study area numerous iceberg ploughmarks are
observed, as well as pockmarks (up to 100 meters in diameter) in the areas of degassing activity [Chamov et al, 2015b,
Kiseleva et al, 2016]. Glacial landforms that were mapped include underwater channel formed by subglacial meltwater
beneath the ice sheet [Bjarnadóttir et al 2013, Bjarnadóttir et al 2016, Newton and Huuse, 2017] and numerous iceberg
ploughmarks. Ploughmarks were formed by the keels of drifting icebergs during the retreat of the ice sheet. The
ploughmarks that were revieled by our survey vary in size, lengths and shapes. Very similar to the iceberg ploughmarks
are the traces of trawling. Traces of trawls are determined on video recordings of television profiles and are on average
30-40 cm in depth [Buhl-Mortensen et al, 2015].
The data was compiled in a geoinformation database in the ArcGIS. The database contains a bathymetric model based
on MBE data, some results of the interpretation of the sonar data [Chamov et al, 2014, Chamov et al, 2015b, Kiseleva et
al, 2016], the results of the geological sampling analysis [Chamov et al, 2015a], and the analysis of biological samples
[Vodopianov and Kolbasova, 2012]. An example of the database is shown on Fig. 2.
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Figure 2. An example of a compiled database in the ArcGIS environment for the polygon "Northern Diapir". Sampling
stations, the digital bathymetry model based on MBES data, navigation data and files attached to the survey profiles
that can be opened using the Identity Tool are displayed.
In this paper, we present the results of a geological-geomorphological and biological analysis of three study polygons:
“Southern Diapir”, “Channel”, and “Pockmarks” (Fig. 1). Southern diaper, or western part of Tyddlybanken (BuhlMortensen et al, 2015), is an elevation stretched in the NW direction (175 m long, 125 m wide). The top most elevated
surface of the uplift is located at depths of 175 to 220 m, exceeding foot of the slope by 100 m. The top of the diapir is a
subhorizontal surface, eroded by wide, deep, linearly oriented iceberg ploughmarks (up to 200 m wide, 10-15 m deep),
with individual pockmarks (up to 150 m in diameter). Geological sampling shows that the seabed sediments are
represented by muddy sandy gravel (with large amount of unsorted coarse sediments from gravel to bouders) and in
some places by gravelly sand. Analysis of the TUV recording showed the presence of the following bottom fauna:
community of anemones (Bolocera tuedia, Tealia feline, Hormathia sp.), single sponges, ascidians, starfish (Urasterias
lincki, Henricia sp.), crustaceans Bythocaris, a typical community of fouling on boulders (sponges, actinias, bryozoans).
The biological sampling revealed: Polychaeta: Spiochaetopterus typicus, Gastropoda fam.g. sp., Isopoda fam.g. sp.
The slopes of the southern diapir are eroded by irregularly oriented glacial ploughmarks (100 m in width, 5 m deep),
with individual concentrations of pockmarks (on average 35 m in diameter). The upper layer of seabed sediments are
represented by gravelly sand and clayey silt. In the pockmarks sampling showed the presence of silt with glaci-marine
dropstones. Two types of biological communities were observed by TUV: on the lithotypes of clayey silt - the sea
anemone complex (Bolocera tuedia, Actinostola sp., Tealia feline, Hormathia sp.), on the lithotypes of gravelly sand –
ophiuroids complex (Ophiura sarsi). On both lithotypes there are representatives of macrozoobenthos: sponges,
hydroids (Tubularia), gastropods (Trichotropidae gen.sp.), starfish (Urasterias lincki, Ctenodiscus crispatus, Henricia
sp.), hermit crabs (Pagurus sp., Lithodes), crustaceans Bythocaris; a typical community of fouling on the rocks
(sponges, bryozoans, anemones). In the pockmarks on the slope of the diapir is presented the Tealia feline complex with
Bythocaris, Gastropoda and Porifera, having very high density. Also in the samples from the pockmarks showed
presence of: Polychaeta (Galathowenia oculata, Amphicteis ninonae, Melinna elisabethae, Nephtys pente, Owenia
fusiformis, Chone, Spirorbis tridentatus), Ophiuroidea fam. g. sp, Actiniaria fam. g. sp., Bivalvia (Astarte borealis),
Amphipoda fam. g. sp., Holothuroidea (Psolus phantapus).
The foot of the diapir is located at 270-300 meters depth, this area is also eroded by glacial ploughmarks, the number of
which decreases with increasing depth. This area is characterized by high concentration of small pockmarks (2 m up to
50 m deep). The upper layer of sediments is represented by sandy silt and sandy mud. The biological composition from
geological samples: Polychaeta: Spiochaetopterus typicus, Galathowenia oculata, Myriochele oculeata, Maldanidae g.
sp., Nephtys sp., Galathowenia oculata; Bivalvia: fam.g. sp., Astarte elliptica, Gastropoda fam. g. sp., Amphipoda fam.
g. sp, Asteroidea: Ctenodiscus crispatus, Ophiuroidea: Ophiura sarsi. Analysis of the TUV data showed that the seabed
sediments is a subject to significant bioturbation, there are numerous burrows, polychaetes tubes, broken shell,
skeletons of corals; single representatives of macrozoobenthos include: sponges, hydroids (Tubularia), anemones
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(Tealia feline, Hormathia sp.), Gastropoda, starfish (Ctenodiscus crispatus, Henricia sp.), crustaceans Bythocaris,
ascidians Styelidae.
The underwater channel cuts throught Thor Iversenbanken with a total length of 50 km (Bjarnadóttir et al, 2016,
Newton & Huuse, 2017). The channel is up to 1.5 km wide and 35 meters deep. The average depth of the thalweg is
290-275 m. The channel has meandering valley, overdeepening in some parts. Characterisitic profile across the valley
shows channel furcation into two channels, with deposition bars and sedimentary fans. The valley of the channel are
complicated by pockmarks, glacial ploughmarks and landslides. In the eastern part of the channel, the outcrops of
denser rocks are fixed on the sonar record. The upper layer of sediments is represented by silty clay and sandy silty clay
in some parts. From geological sampling various representatives of polychaete worms were found: Spiochaetopterus
typicus, Maldane sp., Galathowenia oculata, as well as Chaetopteridae tubes and Maldanidae (cf.). Analysis of the
TUV showed the following communities on the sides of the channel: anemone Actinostola sp., Tealia feline, Hormatia
sp., Ophiuroidea: Ophiocantha bidentata, Ophiura sarsi, with individual representatives of the macrozoobenthos:
hydroids Tubularia, corals Gersemia fruticosa, starfish Urasterias lincki; Ctenodiscus crispatus, Henricia sp.,
crustaceans Bathycaris; in the channel bottom: boulders and clastic material with a typical community of fouling
(ascidia Styelidae, anemones, sponge, bryozoans).
Polygon “Pockmarks” is presented by subhorizontal surface (average depths 350 meters) eroded by ploughmarks and
numerous isometric pockmarks (on average 150 m in diameter, depth up to 30 m). Sonar record shows that objects with
high acoustic reflection are observed within the region. Also sonar data shows sound scattering objects in the water
column, spatially coinciding with the pockmarks, which evidence the gas outlets (Chamov, 2015b). Based on the
analysis of the TUV, the seabed sediments are represented by loose silty sand. Based on the results of the biological
sampling, the following species were identified: Polychaeta Glypanostomum pallescens, Spiochaetopterus typicus,
Maldane sarsi, Nephtys pente, Mollusca Caudofoveata: Chrystallophryson sp., and Gastropoda fam. g. sp. Analysis of
the TUV showed the following communities: crustaceans Bathycaris with some large macrozoobenthos: corals
(Gersemia fruticosa), Mollusca Bivalvia, ophiuros (Ophiocten sericeum, Ophiura sarsi), starfish (Urasterias lincki;
Ctenodiscus crispatus), holothuria (Psolus sp.).

CONCLUSIONS
As a result of the geomorphological analysis of the detailed survey polygons, a complex shape of the relief is observed,
due to the processes of salt-dome tectonics, complicated by glacial denudation processes, as well as manifestations of
degassing processes expressed in the bottom topography by pockmarks. The macro benthic fauna in the sampling sites
varies depending on the seabed topography and sediment type. The typical comnumities present include actiniarians:
Hormathia sp., Tealia felina, polychaetes worms, echinoderms (ophiuroids, starfish, sea-urchins and holothurians),
Bivalvia and Caudofoveata mollusks, crustaceans: Amphipoda, Isopoda & Decapoda, sipuncula worms, brachiopods
and colonial ascidiaceas. The echinoderms, ophiuroids, holothurians and polychaetes (Chaetopteridae, Oweniidae,
Maldanidae, Ampharetidae, Nephtys, Lumbrineris and others) were the most commin within the samplings all around
the region of the studies. The compiled geoinformation database in the ArcGIS, which include bathymetry, sonar, TUV
georeferenced data, biological and geological sampling data, allows future work on nature-type classification. The
further studies include GIS-based classification of habitats built on correlation of bathymetric, sonar and geologic
variables with species groupings (e.g. Dolan et al, 2009).
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Abstract: The aim of this study is to develop novel RS methods for studying HM pollution of crops typical of small land
plots in mountainous regions.F or that purpose during the acquisition of a SPOT7 high resolution multispectral satellite
image, synchronous sampling was done of non-edible parts (leaves) of agricultural crops growing in town of Kajaran
(Armenia) and its surroundings. A total of 38 samples were collected: 15–potato and 23 –beans. As a result a database
has been produced for Mo, Cu, Ni, Cd contents in non-edible parts of crops. Then raw, normalized values of spectral
reflectance and vegetation indices of the SPOT7 image were correlated with absolute contents of HM. The pre-analysis
of the determined correlation links shows the existence of direct and inverse correlations. The derived correlations are
significant at 0.05, 0.01 levels that allows to develop a RS methods for assessment and monitoring.
Keywords: remote sensing, SPOT, heavy metal, pollution, agricultural crops, stress
1. INTRODUCTION
Pollution of different environmental compartments is a concern to many countries across the world. Such issues
acquire a special topicality in mining regions. Abundant researches [8, 18] implemented earlier have indicated that a
level of pollution of crops under the impact of mining zones is high and thus is a risk factor to food safety and health
of local people. Alongside with traditional environmental pollution researches, remote sensing (RS) methods, too, have
been actively developed all around the world [19, 20]. A synergy of these two methods may be effectively used
in establishing a system of monitoring different environmental compartments.
The researches show that when plants are exposed to unfavorable conditions such as increasing heavy metals (HM)
contents, then immediate changes occur in pigment contents, mesophyll structure, leaf surface features etc. [21-23].
Such a response of plants always influences reflectance spectra of foliage and canopy [24, 25]. A series of
investigations indicate that changes in vegetation spectra may be induced by high contents of HM resulting from
geochemical stress [26, 27].
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Most RS researches of HM pollution of crops cover vast plots of agricultural land in different flat geographical areas
[26, 28]. Consequently, a need emerges to adjust the accepted RS methods of assessing agricultural crops
pollution with HM to small plots of land in mountain regions.
The town of Kajaran is located in the shouth-eastern part of Armenia, which is typical mountain region. Here, the
HM (Mo, Cu, Ni, Pb, Cr, Hg) concentrations in agricultural crops and soil exceed accepted norms for several times
caused by mining impact [8]. Not all of these HMs produce the same toxic effect on agricultural crops. For instance, Ni
and Cu act as essential plant nutrients when in low contents [9], but hamper plant breathing, depress photosynthesis
leading to a decrease of chlorophyll and green pigments, when excessive [22, 23]. Cd even in low concentrations has a
toxic effect of plants [10, 11]. A visible toxic effect of this element, for instance, on potato and bean manifests itself
mainly in a decreasing amount of leaves, reduction of leaf size and origination of chlorosis [12]. It is known that plants
can tolerate high contents of HMs, this property becoming apparent in mining regions with high natural contents of
elements [13].
The main purpose of this research was to explore relationships between SPOT7 RS data and HM contents in
agricultural crops.
2. MATERIAL AND METHODS
2.1. Study site
The studied site was an industrial town of Kajaran (Fig. 1), where one of the biggest copper and molybdenum
open-pit mine in the world and the largest operating mine in Armenia is located. HM pollution of soils and plants has
long been an extremely serious concern in Kajaran. In the surroundings of the town there are three abandoned tailing
repositories which are used as land plots for agricultural purposes. The town and its surroundings are a typical mountain
region where the most widespread species include beans and potatoes which are cultivated on small land plots and are
widely used by local people and for sale [1, 2, 8].

Figure 1. Geographical position of Kajaran
2.1. Data collection and processing
Fieldwork was conducted in Kajaran and its surroundings in end of July 2018 synchronously with SPOT7 high
resolution multispectral satellite image acquisition. The sampling period was selected considering crops phenology: in
late July chlorophyll content is the highest. The sampling of non-edible parts (leaves) of agricultural crops (potatoSolanum tuberosum, bean-Phaseolus vulgaris L.) was done according to accepted methods [17]. Sampling was
done from plots having different pollution levels and considering spatial resolution of a SPOT7 multispectral satellite
image. Geographical coordinates of samples were registered using GPS receiver. Wholly, 38 samples were
collected: 15–potato and 23 –beans.
Selection of study HMs is determined by ecological priority (Mo and Cu) and the toxic effect the elements (Ni and
Cd) have on higher plants [6, 10, 11]. The samples were pretreated and then analyzed in compliance with the AAS
instructions [30] by the AAnalyst 800 (PE USA) spectrometer. As a result a database has been produced for Mo, Cu,
Ni, Cd contents in crops leaves and statistical analysis implemented.
The SPOT7 pansharpened satellite image acquired on July 2018 under clear sky conditions has a 1.5m spatial
resolution and 4 spectral bands: blue (0.455-0.525µm), green (0.530-0.590µm), red (0.625-0.695µm) and near
infrared
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(0.760-0.890µm) [14]. In order to assure the accuracy of spectral values obtained from a SPOT7 image atmospheric,
geometric and topographic correction of the image was done.
In order to investigate relationships between remotely sensed data and HM contents in the sampled crops mean
values of several pixels were extracted from areas corresponding to sampling sites in the satellite image. The raw,
atmospherically corrected and normalized values of spectral data and vegetation indices (VIs) of the SPOT7 image were
used. Atmospheric correction was done using Dark Object Subtraction (DOS) atmospheric correction model [15]. DOS
is an image-based technique to cancel out the haze component caused by additive scattering from RS data.
The normalization was done using hysperspherical direction cosines (HSDC) method, which suppresses illumination
effects as well as the average brightness of the pixel. In this method, each spectral band is divided by the pixels’
albedo, defined as the square root of the sum of the squares of the four bands [3, 4]. VIs typically stretch or
enhance a particular part of the reflected electromagnetic spectrum, thus have been reported to be used for studying
the unusual growth patterns (chlorophyll content, pigment ratios etc.) in plants caused by HM stress [5]. The most
widely accepted Normalized Difference Vegetation Index (NDVI) was used. The statistical analysis was done
considering beans and potatos data both separately and collectively as a one ecosystem.
The common method for the extraction of best stress sensitive bands is correlation coefficient analysis [3, 16].
Hereby, in this research best stress sensitive bands selection was done by performing correlation analysis between HM
concentrations in crops leaves and RS data and identifying SPOT7 spectral bands having the most significant levels of
correlation (p<0.05). The significance of correlation was estimated using student t-test [3]. Model development was
done using multiple linear regression (MLR) with cross validation method. Model quality assessment was done
using RMSE (Root Mean Square Error), R2 and RPD (Ratio of Performance of Deviation). The higher the R2 value
is, the stronger the indication of an existing relationship between the measured and predicted values, whereas RMSE
and RPD indicate estimation errors [7].
3. RESULTS AND DISCUSSION
In order to develop RS methods for assessing HM contents in agricultural crops the correlation analysis between HM
concentrations in crops leaves and RS data (raw, DOS, HSDC, NDVI) was implemented to reveal the statistical
relationships and select best stress sensitive bands [3, 16].
Tab. 1 and Tab. 2 show the significance of the correlation coefficient between RS data and HM. The correlation
between HM concentrations in crop leaves (potatoes/beans) and raw/atmospherically corrected (DOS) RS spectral data
show the same trend. For beans correlation is significant between Mo, Cu and only green band spectral data (r≈0.45;
p<0.05). In case of potato significant correlation between HM and SPOT7 spectral bands was not observed. When
considering potato and bean as one ecosystem correlations in red spectral band which are not significant, in some cases
transforms into significant, this is mainly due to the increase in samples number.
In case of HSDC normalized RS spectral data and HM concentrations in beans leaves significant correlation was
observed between Cd, Mo, Cu and blue, green bands spectral data (r≈0.48; p<0.05); between Ni and green band spectral
data (r=0.41; p<0.05). Also, a significant correlation was detected between Cd, Cu and NIR band spectral data (r≈0.45;
p<0.05). So, green band is significant for all HMs in contrast to red band, where significant correlations were not
observed. Relatively good results were received in case of potato: correlation is significant between Ni, Cu and all
HSDC normalized bands spectral data (r≈0.7 and 0.6 respectively; p<0.01); between Mo and blue, green spectral bands
(r≈0.5; p<0.05). Considering potato and bean as a one ecosystem correlation is significant between Ni, Cu and all bands
spectral data; between Mo and blue, green bands spectral data.
The analysis of the determined correlation links shows the existence of direct and inverse correlations. In
general, there exists a negative correlation of HM contents and near IR spectral region and positive correlation – in the
visible region.
Table 1. Correlation between HMs and SPOT7 spectral bands (Raw, DOS, HSDC)
Cd

bean

B1 0.23
B2 0.22
B3 0.24

Raw
Ni
Mo

Cd

0.40

0.23

0.11

0.40

0.21 0.48* 0.45* 0.22
0.21 0.41 0.34 0.24

0.21

-0.20 -0.45*

0.11

0.39

Ni

DOS
Mo

Cu

0.21

B4 -0.31 -0.28 -0.13 -0.20 -0.31 -0.28

HSDC
Ni
Mo

Cu

Cd

0.40

0.48*

0.32

0.41*

0.48* 0.45* 0.47*
0.41 0.34 0.38

0.41*
0.31

0.48* 0.52**
0.37
0.35

-0.33

-0.41

-0.13

Cu
0.49*

-0.44*
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potato

bean &
potato

0.19

0.07

0.28

0.06

0.27

0.13

0.36

0.41

0.73** 0.55* 0.64**

0.19

0.01

0.26

0.07

0.23

0.04

0.29

0.40

B3 0.36 0.38 0.11 0.37 0.35 0.42
B4 -0.34 -0.48 -0.41 -0.35 -0.36 -0.42

0.14

0.41

0.47

-0.36

-0.29

-0.43

0.72** 0.48* 0.63**
0.62** 0.37 0.51*
-0.73** -0.50 -0.63**

0.00

0.37*

0.19

0.40** 0.36* 0.44**

0.22 0.33* -0.04 0.36* 0.24
B3 0.32* 0.32* 0.32* 0.32* 0.32* 0.38* 0.06 0.36* 0.25
B4 -0.08 -0.08 -0.08 -0.08 -0.07 -0.16 -0.35* -0.15 -0.21

0.47** 0.32* 0.47**
0.38* 0.26 0.34*
-0.41** -0.29 -0.39*

B1 0.06
B2 0.07

B1 0.19
B2 0.22

0.19
0.22

0.19
0.22

0.19

0.19

0.29

0.22

*-significant at 0.05
**-significant at 0.01

Table 2. Correlation between HMs and NDVI values
bean
potato
bean &
potato

Cd
Ni
Mo
Cu
-0.39 -0.32 -0.38 -0.37
-0.46 -0.64** -0.39 -0.53*
-0.24 -0.39** -0.26 -0.35*

*-significant at 0.05
**-significant at 0.01

The higher the contents of HM in plants, the higher are spectral reflectance values in visible spectrum, whereas in the
near IR spectrum an inverse process is observed. This can be explained by the fact that HM stress in crops cause loss
of chlorophyll bringing an increase in visible leaf reflectance [29]. Correlation of NDVI values and HM contents, in
general, are not significant, except a few cases: in the case of potato Ni and Cu correlation with NDVI values is
significant (r=0.35; p<0.05).
As shown above in case of beans the green band is significant for Mo and Cu. Thus, green band can be used as stress
sensitive band for RS model development. HSDC normalization brings to the general improvement of the
statistical results. After HSDC in case of potato for Ni and Cu all spectral bands can be used as stress sensitive bands.
In the first approach an attempt was made to develop a regression model of Cu contents assessment in beans
through a MLR method. As input data HSDC normalized best stress bands (green, blue, red, NIR) were used. Derived
model is characterized by relatively low RMSEcv (15.5), high Rc2 (0.75), Rcv2 (0.62) and RPDc (2), RPDcv (1.6) (Fig.
2).

Figure 2. Cross-validated estimates for Cu retrieved by MLR model vs. measured concentrations, N=22
As suggested in literature [7], models with R2 between 0.50 and 0.80 and RPD values between 2.0 and 1.4, were
considered as models of medium quality which are useful for coarse quantitative predictions in most applications.
Therefore, the produced model can be attributed to medium-quality models, this making it possible to do coarse
quantitative predictions.
4. CONCLUSIONS
The results in this paper provide the theoretical basis for the mechanism of using RS data for the assessment of HM
content in agricultural crops. The results have indicated that SPOT7 infrared spectral region and HM contents in
potato and bean samples correlate negatively in contrast to the visible region where correlation is positive. In
general, in the case of a SPOT7
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satellite image correlations derived in IR regions are not significant; օnly in the case of HSDC normalization correlation
is significant for Cd, Ni, Cu. In all observed cases (raw, DOS, HSDC, NDVI) Mo and Cu were significant in green
spectral band, subsequently it can be used as best stress sensitive band. However, HSDC normalization improves the
results for all spectral bands.
The performance results of the model for assessing Cu contents in beans are encouraging and model can be used for
qualitative assessment.
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Abstract
We develop a system for geomorphometric modelling of the topography of the Arctic Ocean floor. The system will
provide: (a) Storage of a big digital elevation model (DEM) of the ocean floor; (b) Derivation of models of
morphometric variables from this DEM; (c) Interactive three-dimensional (3D) multiscale visualization of the obtained
models; and (d) Free access to this information via Internet. The system development includes the following main
stages: (1) Adaptation of previously developed computational methods of geomorphometry and algorithms of
interactive 3D visualization to handle and process big DEMs; (2) Development of software implementing these methods
and algorithms; (3) Selection of the most accurate DEM describing the topography of the Arctic Ocean floor;
(4) Filtering of the selected DEM; (5) Derivation of models of morphometric variables from the filtered DEM for
several scales; (6) Creation of interactive multiscale 3D morphometric models; (7) Development of a geoportal.

INTRODUCTION
Topography is a one of the key factors determining the course and direction of processes occurring at the boundary of
the lithosphere and the atmosphere, as well as the lithosphere and hydrosphere. Submarine topography influences ocean
currents, circulation of ocean waters, spatial distribution of perennial ice, and movement of sediments along the slopes.
Submarine valleys, being extensions of river valleys, take part in the gravitational transport of substances from land to
ocean. Topography, being the result of interaction of endogenous and exogenous processes of different scale level, can
act as an indicator of the geological structure of the ocean floor.
In this connection, digital terrain modelling and geomorphometry are widely used for solving various problems of
geomorphology, geology, glaciology, oceanology, climatology and other geosciences [Florinsky, 2016; Lecours et al.,
2016]. Of special interest are digital models of local, nonlocal, and combined morphometric variables derived from
digital elevation models (DEMs), such as horizontal curvature, vertical curvature, mean curvature, maximum curvature,
minimum curvature, catchment area, stream power index, etc.
In this paper, we describe briefly an ongoing project on the development of a system for geomorphometric modelling of
the topography of the Arctic Ocean floor.

METHODS AND MATERIALS
We develop a system for geomorphometric modelling of the topography of the Arctic Ocean floor. The system will
provide:
•

Storage of a big DEM of the ocean floor.

•

Derivation of models of morphometric variables from this DEM.
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•

Interactive three-dimensional (3D) multiscale visualization of the obtained models.

•

Free access to this information via Internet.

The system development includes the following main stages:
1. Adaptation of several previously developed methods for mathematical terrain modelling [Florinsky, 2016] to handle
and process big DEMs.
The list of such methods includes: (1) two computational methods based on finite-difference approximations of the
partial derivatives of elevation, which allow one to derive digital models of local morphometric variables from DEMs
on square grids and spheroidal equal angular grids [Florinsky, 1998, 2009]; (2) a method for derivation of nonlocal and
combined morphometric variables based on the Martz–de Jong flow-routing algorithm adapted to spheroidal equal
angular grids [Florinsky, 2016, pp. 137–139]; (3) a universal spectral analytical method for terrain modelling based on
high-order orthogonal expansions using the Chebyshev polynomials with the subsequent Fejér summation [Florinsky,
Pankratov, 2016]. This method is intended for the processing of regularly spaced DEMs within a single framework
including DEM global approximation, denoising, generalization, and calculating the partial derivatives of elevation.
2. Development of software implementing these methods and algorithms.
As a prototype we will use the program LandLord 4.0 created earlier [Florinsky, 2016, pp. 413–414].
3. Selection of the most accurate DEM describing the topography of the Arctic Ocean floor for subsequent calculations
and modelling.
There are several DEMs including a description of the topography of the Arctic Ocean floor. The most modern DEMs
are:
•

International Bathymetric Chart of the Arctic Ocean (IBCAO), version 3.0 [Jakobsson et al., 2012; IBCAO,
2012]

•

General Bathymetric Chart of Oceans (GEBCO) 2014 Grid [Weatherall et al., 2015; BODC, 2015]

•

Global DEM SRTM30_PLUS V11 [Sandwell et al., 2008; Becker et al., 2009]

•

Global DEM SRTM15_PLUS V1 [Olson et al. 2014; Sandwell et al., 2014]

For a resolution of 500 m (a square grid) or 30 arc-seconds (a spheroidal equal angular grid), a DEM of the Arctic
Ocean floor and adjacent land areas consists of about 135 million points.
Figure 1 displays a bathymetric map for the Arctic Ocean floor based on a DEM extracted from the IBCAO 3.0
(IBCAO_V3_500m_RR). The DEM with a resolution of 5 km includes 1,347,921 points (the 1161 × 1161 matrix)
encompasses the territory measuring about 5,792,000 km by 5,792,000 km. The map is presented in the polar
stereographic projection. For the land surface, elevations are not shown.
At this stage, we will use several methods for estimating quality and accuracy of bathymetric models including a
method for estimation of DEM accuracy based on comparison of DEM depth values with independent high-precision
data from a multi-beam echosounder, as well as a method for quantitative estimation of bathymetric artefacts in DEMs
[Abramova, 2012].
4. Filtering (noise suppression and artefact removal) of the selected DEM.
5. Derivation of models of morphometric variables from the filtered DEM for several scales with different
generalization levels.
At this stage, we plan to derive models of the following morphometric variables: (1) Local variables: slope gradient,
slope aspect, horizontal curvature, vertical curvature, mean curvature, Gaussian curvature, minimal curvature, maximal
curvature, unsphericity curvature, difference curvature, vertical excess curvature, horizontal excess curvature, ring
curvature, accumulation curvature, the generating function, rotor; (2) Nonlocal variables: catchment area and dispersive
area; and (3) Combined variables: topographic index and stream power index.
Figures 2–4 represent examples of some morphometric maps for the Arctic Ocean floor. Digital models of horizontal,
vertical, and maximum curvatures were derived from the DEM (Fig. 1), which was thrice smoothed to suppress highfrequency noise. These three models consist of 1,338,649 points (1157 × 1157 matrices).
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Figure 1. The Arctic Ocean floor: elevations (based on IBCAO 3.0 data).
Data processing and visualization were carried out by software LandLord [Florinsky, 2016, pp. 413–414]. All maps are
presented in the polar stereographic projection. For the land surface, curvature values are not shown.
6. Creation of interactive multiscale 3D morphometric models for the floor topography.
At this stage, we will apply principles and algorithms for constructing interactive, numerically modelled systems in the
open-source, multi-platform software environment Blender [Hess, 2010; Blain, 2014; Blender Foundation, 2003–2018]
together with the Blend4Web extension package, based on the original methods and algorithms for representing 3D data
[Filippov and Sobolev, 2002; Florinsky and Filippov, 2017]. Integration of the source data into the Blender environment
will be carried out using specially written Python scripts. In the final system, we plan to implement a dynamic
adaptation of geometry and map resolution, as well as methods for synchronous presentation of the diverse scientific
data provided by a new architecture of the digital representation of complex 3D objects.
A brief description of a methodology of the Blender-based 3D terrain modelling (including examples from the
topography of the Arctic Ocean floor) can be found elsewhere [Florinsky and Filippov, 2018].
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Figure 2. The Arctic Ocean floor: horizontal curvature (based on IBCAO 3.0 data).
7. Development of a geoportal for storage of the obtained models, their interactive multiscale 3D visualization, and free
use by online requests.
To provide free Internet access to big bathymetric DEMs, digital models of morphometric variables, and 3D terrain
models as well as to work with these data interactively online, we will apply technologies of interactive browser-based
applications based on the WebGL API and HTML 5 standards.

CONCLUSIONS
As a result of the project, we will develop an information and computing system for morphometric modelling of the
topography of the Arctic Ocean floor. The system will provide storage of a big DEM for the ocean floor; derivation of
morphometric models from the DEM; interactive 3D multiscale visualization of the obtained models; and free access to
this information via the Internet, with the possibility of 3D real-time visualization online.
A new interactive online information tool will be created to support hydrographic, marine geomorphological,
geological, geophysical, and oceanological studies of the Arctic Region, in particular, to determine the outer limit of the
Russian continental shelf in the Arctic [Fridman, 2008; Firsov, 2016; Piskarev et al., 2017].
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Figure 3. The Arctic Ocean floor: vertical curvature (based on IBCAO 3.0 data).
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Figure 5. The Arctic Ocean floor: maximum curvature (based on IBCAO 3.0 data).
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Abstract
In the last years numerous research projects were developed in relation to the use of web-based map services in
teaching activities. Their results inspired the authors to organize a research project testing how collaborative
cartography can support Geography teaching at secondary level. Thirty-one pupils of a secondary school in Budapest
participated in a survey divided into three parts: a questionnaire to determine their knowledge on web mapping
services, a theoretical presentation and a practical lesson to make a map using Google My Maps. Pupils also created
their own maps on topics related to the Geography of Water, working in teams of two persons. In general, the
experience working with the pupils can be considered positive: the maps evaluated as high, appropriate and average
can be considered not only works of good quality, but also including personal solutions to improve and organize their
content.
Keywords: Collaborative cartography, children, Google Maps, Geography, secondary school

INTRODUCTION
The year 2005 is considered by some specialists a milestone date in the history of cartography, when the public map
services appeared on the Web. It was the first time that a relatively accurate map with relatively recent satellite images
of any territory on the Earth could be used by any person without any direct cost. First the Google Maps and Google
Earth, and later other services as Open StreetMap began to be used by tens of thousands of people all over the world for
diverse daily tasks: from looking for a building (e.g. a theatre or museum) to finding an address that they want to reach.
In a few years these new solutions were also discovered by research institutes, universities and schools. Numerous
studies related to the new map services were developed in different countries and new denominations and concepts
enriched our professional vocabulary: volunteered geographic information (VGI), user generated content, mass
geography, neo geography, collaborative cartography, geotagging, etc. The research activities of these services were
developed in manifold application areas, including teaching activities from Elementary-level to Undergraduate
Education. At same time it should be remarked that collaborative cartography, collaborative mapping or map-based
collaboration are not new concepts that emerged after the appearance of map services on the Web. Researchers can find
numerous examples on collaborative cartography at schools, using more “traditional” (e.g. non computer-based)
solutions to encourage the work of pupils organized in groups or teams. Beginning from the decade of 1990, firstly
computer-based and later web-based collaborative work was also introduced to Elementary and Secondary Schools. A
project developed between 2003 and 2004 (just before Google made public its map service) can exemplify the solutions
experimented within this area of collaborative map-based work. It was developed by Prof. David Owen, from the
Sheffield Hallam University (United Kingdom) and it counted with the participation of 80 children from grades 3 to 5
of Primary School (7 to 10 years old). They were organized in teams of two pupils to draw a map with software used in
English schools. The content of the map was an area around the school, a walking trail visiting four places of interest
for a new children and shading areas based on three levels of interest, showing parts of the route that are very busy,
busy or quiet. Best results were obtained in the age group of 9 to 10 years, pictorial symbols were preferred over
abstract symbols and texts were barely used on the maps (Owen 2005).
These results and mainly the latest experiences obtained in other countries on the use of web-based map services
in schools motivated the authors to organize a research project on the alternatives that can be offered by
collaborative cartography to support the Geography teaching in Hungary.
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PRELIMINARY RESEARCH
Only a year after Google Maps appeared on the Web, Patrick Wiegand (2006) wrote in his book entitled “Learning and
teaching with maps” that “we need to identify progression in learning and teaching in relation to new technological
tools… We also need a revision of our map related curricula… Web cartography offers both opportunities and
challenges for schools”. Inspired on this statement, during the current project our aims were to find answers to questions
as:
•

How can web-based map services increase children's interest in Geography?

•

How can they be used to enrich children's knowledge and experience in more conscious use of maps?

•

How can these services be used to support Geography teaching in Hungarian secondary schools?

The initial idea was to introduce pupils (and teachers) to the use of at least an easy web-based mapping application,
which could be a useful tool for the basic representation of a selected theme on a map service. The preliminary research
was divided into two parts:
•

Research to determine which web-based map service should be taught during our meeting with the pupils

•

Analysis of Geography curriculum to determine those themes that can be represented on maps

Figure 1. Google Maps as the most-used app in the world (Richter 2013)
The authors decided to use Google Maps and a Google-based application as the web map service to be taught for the
pupils. Our decision was taken after consulting the international bibliography on this topic as well as analysing the
statistics collected in international surveys realized in the last five years, which can be found on different websites free
of cost. These statistics show that Google Maps has been the most popular map service continuously in the past years.
Only two examples are listed below:
•

In the second quarter of 2013 Google Maps was chosen as the most-used smartphone application in the world
by the Statista portal, exceeding Facebook by 10% and YouTube by almost 20% (Figure 1)

•

During a survey organized by the Nielsen Company, Google Maps was the most popular map service used by
more than 105 Million average unique users between January and October of 2016 (Figure 2)
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Figure 2. Ranking of most popular applications developed for smartphones in 2016 (Nielsen 2016)
Authors consulted earlier bibliography related to this topic as well as other research projects on the use of web-based
map services in the educational activities at Elementary and Secondary level, which were developed in different
countries in previous years. Reyes (2016) also researched on the use of Google Map and Earth in teaching activities,
specifically how them could be used e.g. in the mobile version of school atlases.
Other works illustrated the efforts made to find the most appropriate solutions for their use adapted to the specific
conditions in a country. One example is a project based on the use of Google Earth to represent data collected by pupils
on their home-school route, which was developed by Iomara Barros de Sousa in the municipality of São Gonçalo
(Niterói, Rio de Janeiro) in 2013 (Barros 2014). The survey was developed during two months, with the participation of
64 to 70 pupils from two classes of 7th grade (second level of Brazilian Primary Education). Pupils had the opportunity
to practice the use of GPS receivers, to collect data related to important buildings and other sights that they can find in
their route to the school, as well as asking people on their opinions on the pollution of a canal and river flowing across
the municipality.
The study of curricula on Geography for Hungarian secondary schools as well as textbooks used at this level was other
important task before beginning the organization of the survey. The study of curricula was needed to define the level of
knowledge and competences of pupils (OFI 2012). Textbooks and workbooks written for grades 9 and 10 were read to
determine those possible themes that could be represented by the pupils on their maps (Arday, Nagy and Sáriné 2016;
Arday and Molnárné 2016a, 2016b; Arday, Kőszegi, Sáriné and Ütőné 2016).

ORGANIZATION OF THE SURVEY
Researchers contacted a secondary school in Budapest to begin this stage of the project. The selected school can be
considered an educational institution with merits recognized at national level. After arranging the possible date for the
survey (ending March), we consulted the participating Geography teachers to determine those themes that can be
proposed for the pupils to create their own maps. Our choice was the chapter entitled “Geography of Water”, because it
is the theme taught during the month of March according to the plan of studies. After studying the content of this
chapter, researchers drew up a list of 25 themes to be proposed for the pupils. Our main aim was to include not only
themes related to Budapest and Hungary, but also to all the most relevant issues on Geography of Water that can be
found over the world. The preliminary list was approved by the Geography teachers involved in the project. Some of
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themes were as follows: Thermal baths in Budapest, Europe's famous thermal baths, areas threatened by inland
waterways in Hungary, flood risks on the Danube, the world's most well-known canyons, the Great Lakes region in
North America, the tragedy of the Aral Lake, areas taken from the sea in the Netherlands, estuaries and their role in the
economy, the Andes' glaciers, the Panama canal, hurricanes and typhoons, disasters caused by tsunamis and the Earth's
longest mountain glaciers, among others.
Because of the limitations derived from a very accurate plan of studies, researchers disposed of only one turn of class
(45 minutes) for this activity. A work plan was arranged to make the most of the time that were at our disposal:
•

Preliminary survey to determine pupils’ knowledge related to the use of map services on the Web (10 minutes)

•

Theoretical introduction: Google world (10 minutes). Presentation summing up the history of Google from
2005 and introducing its most important applications.

•

Practical example and homework: How to make an own map using Google My Maps (25 minutes). The
original idea was to explain how users can make an easy thematic map searching for data on the Web and
using Google Fusion Tables. However, because of the limited time available for the practice, our decision was
to show the options offered by a simpler Google application: namely Google My Maps, which perhaps is better
known by the public in general, however it does not offer real mapping tools, allowing only some basic
operations (e.g. measure of distances) and to complement the map with multimedia information.

Figure 3. Making a Google map together with the pupils during the our visit to the Secondary School

DEVELOPING THE SURVEY
The survey was carried out in the Mihály Fazekas Secondary School in Budapest on March 31, 2017. The use of a
computer room for our presentation and practice was ensured and a 9th grade group formed by 31 pupils (8 girls and 23
boys) participated. The age of the participants was 14 years (7 pupils), 15 years (23 pupils) and 16 years (6 pupils).
Beginning the class the pupils answered a short questionnaire of three questions to measure how they are acquainted
with the map services available on the Web. By practical reasons (to facilitate the analysis of the results) in each
question some options were given to select one or more of them:
•

Which web-based map services do you know? (Google Maps, Google Earth, Open Street Map, HERE Map,
other)

•

What did you use the map service for? (Route planning, excursion, to determine your location at that time, to
find a home address, to place a photo to the map, other)
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•

Which subjects could you propose for the use of map services? (Geography, History, Literature, Biology,
other)

The authors gave a brief presentation to introduce pupils to Google Maps and its applications, making emphasis on the
explanation on Google My Maps, which is a web-based tool to add information (data, text, photos, etc.) to any objects
represented by symbols, lines or areas on Google Maps.
After the presentation, teachers and students made together an example using Google My Maps (Figure 3). It was a map
on the Fertő-Hanság National Park, which is placed on the frontier between Austria and Hungary (Figure 4). During the
practice, teachers highlighted how to give a title and a short description to identify our map, how to create our own layer
structure to organize the represented information, how to define symbols that are designed according to the represented
theme, how to delimit areas on the map and a very important option: how to link specific information (data, text,
images, videos, etc.) to the created symbols and areas. Other options taught were how to change the default base map to
any of the nine options offered by Google, how to measure distances and how to determine routes (directions) using the
appropriate tools, as well as how to share the map in the social media, how to embed the map to an own website or how
to export it to KML or KMZ format for its visualization using Google Earth.

Figure 4. Fertő-Hanság National Park on Google Maps: example used to show how to create a map with the Google
My Maps application
Finishing the practice, fourteen teams of two pupils and a team of three pupils was organized for the homework, which
was the making (using Google My Maps) of their own map on a preferred topic selected from the 25 themes related to
the Geography of Water. They had a month to make the map. The tasks to accomplish when solving the homework
were as follows:
•

to collect textual and multimedia data on the selected theme

•

to choose appropriate symbols and colours according to the characteristics of the objects related to the selected
theme

•

to add the collected information to the map using symbols and areas

•

to organize the symbols, areas, etc into thematic layers created by themselves
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EVALUATION AND ANALYSIS OF THE RESULTS
Survey on using web-based map services
The first part of the process of evaluation of answers was dedicated to determine the results of the short questionnaire
on web-based map services filled by students before beginning the teaching activities.
The answers given to the first question (Which web-based map services do you know?) reaffirmed the authors’ decision
to develop the project using Google Maps and a Google application: All the 31 pupils chose Google Maps and 26 of
them Google Earth as the best known map service. Only 4 students answered Open StreetMap and 4 Here Maps.
Evaluating the results of the second question (What did you use the map service for?), we can see that there is clearly a
majority in choosing two options against the others: 31 pupils selected as main activity the planning of a route, while 28
used the map service to find an address. The same number of pupils (19) used the map service to determine their actual
position and to plan a trip. Surprisingly, only 5 pupils uploaded a photo to a map-based service.
The answers given to the last question (Which subjects could you propose for the use of map services?) were also clear
and definite: 29 pupils chose Geography and 27 History, 9 pupils Informatics, 8 pupils Biology and 4 pupils Literature.
A total of 18 pupils proposed other subjects too, standing out Informatics with 9 votes. Other subjects also received a
non-relevant number of votes, as can be seen on Figure 5.

Figure 5. Diagrams showing in detail the answers given to the 3rd question of the survey

Making of Google maps
Pupils created thirteen maps using Google My Maps; two teams did not send their maps. The themes represented on the
maps were: Meeting point of the Amazonas and the Negro river, the estuary of Amazonas, the tragedy of the Aral Lake,
flood risk along the Danube River, areas threatened by inland waterways in Hungary, thermal baths in Budapest, the
source of the Danube, areas taken from the sea in the Netherlands, the world's most well-known canyons, the Great
Lakes region in North America, the Panama canal and lakes in the Scandinavian Peninsula. A collage of four maps
made by the pupils is presented in the Figure 6.
The maps were evaluated according to the specific criteria determined in four categories: the use of symbols, colours
and layers as well as the grade of detail and accuracy of the collected information, considering if they linked or not text,
data and images to the objects located on the maps (Table 1). The results within each category were assessed as high,
appropriate, average and lower within each category. These results were averaged to give an overall qualification to
each map.
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Figure 6. Examples of maps made by the pupils

Table 1. Criteria for the evaluation of categories used in the Google map
Layers

High

Appropiate

Average

Lower

- New layers were
created
- Layers were named
according to the theme

- Use of more than one
layer, but happened that
it was not renamed
according to the theme

- Only the default layer
was used, but it was
renamed according to the
theme
- Only the default layer
was used and it was not
renamed

Symbols
(Pictograms, lines,
polygons)
- Use of non-default
pictograms according to
the represented theme –
Use of polygons and
lines in a geographically
accurate location and on
the appropriate layer
- Use of pictograms
according to the selected
theme, but some default
symbols were also used
unjustifiably.
- Location is
geographically accurate
on the appropriate layer
- Only used default
symbols, with accurate
location on the renamed
layer
- Only default symbols
were used on the default
layer

Colours

Data and image

- Use of colours
according to the
theme

- Use of data and
image linked to the
symbols

- Use of colours
according to the
theme, but default
colours can be also
found unjustifiably
on the map

- Not all the symbols
had linked data and
image (within a limit
of 20%)

- Every object was
filled with only one,
but non-default
colour
- Only default
colours were used

- The percent of
symbols without data
and image was
between 50 and 80
- More than 80% of
symbols were not
linked to data or
image

Overall result:
• General qualification based on the average of results obtained by categories
• Other solutions used by the pupil to present in more detail the selected theme are considered here
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In general, the experience working with the pupils can be considered positive; however the results by each specific
category were variable and reflected differences on their level of personal motivation and readiness, as it can be seen on
Figure 7. Analyzing the statistics represented on this chart, we can infer that:

Figure 7. Qualification given by categories
•

The best result was obtained when the pupils chose the colours to be used on the maps: almost 70% of the
maps obtained a high or appropriate qualification.

•

The worst result was when the pupils selected the symbols to be placed to the maps: in this case, only 46% of
the maps were rated as high or appropriate.

•

The multimedia information (text, images, data) linked to seven maps (almost 54% of them) can be considered
very detailed and varied, completing and illustrating the symbols and areas located by the pupils.

Figure 8. Chart detailing the results of the evaluation of each map created with Google My Maps
The overall results are shown on Figure 8. Authors wish to remark that the criteria applied during the process of
evaluation was very strict, however the pupils participating in the project had no experience making maps and it was the
first time when they worked with an web application on a map service. The nine maps qualified as high, appropriate and
average can be considered not only works of good quality, but also including personal solutions as the definition of their
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own layers to organize better the information, the use of symbols or areas adapted to the specific theme and the linking
of multimedia data to the objects on the maps.

CONCLUSIONS
Results obtained in the preliminary survey confirmed that pupils know and prefer to use Google map services in their
daily life. By this reason authors propose the use of these services in the classroom or for the solution of tasks related to
the knowledge acquired in the classroom. Although the process of making an own map using a Google application was
unknown by them, the obtained results can be considered appropriate and satisfactory: it re-affirmed that maps of good
quality can be made with a proper motivation, instruction and teamwork. Activities related to collaborative cartography
are strongly recommended for Secondary Education, they can make a notorious contribution to complete or enrich the
themes learned in the classroom and to improve the teamwork. Another factor that must be considered (especially in
those schools with limited financial budget) is that it can be used free of charge in any educational institution after
further, but relatively easy training of teachers. This research can be considered an introduction to a future, more
complex research project on Collaborative Cartography for Elementary and Secondary Schools.
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Abstract
The development of map libraries in academic institutions has a long history, and one that isn’t complete yet, as
libraries embrace technological changes to adapt to millennial’s technology driven needs. From purchasing map
cabinets, and acquiring a separate room in a library, to replacing the map cabinets with GIS stations, both collections
and skills have evolved, number of staff and expenditure has increased, therefore transitioning the traditional map
library to a more data-centered entity. Even though GIS services have been offered in many university libraries since
the early 1990s, it hasn’t been until only recently that libraries have been shifting their attention away from print maps
to focus almost entirely on geospatial data collections and software. This paper examines 340 university libraries in
Canada and the U.S. that offer maps and/or GIS services, and reviews their service points (part of a collection vs standalone room), their collection names (map room vs GIS Center), the type of material they house, and the kinds of
software they use, concluding that the shift from paper to digital is evident as seen through organizational
developments, and name changes. As geospatial data continues to be more readily accessible, and open, the future of
GIS services in libraries will continue to evolve.
Keywords: GIS, Geospatial Data, Map Library, University Map Collection, University Library

INTRODUCTION
The development of map libraries in academic institutions has a long history, and one that isn’t complete yet, as
libraries embrace technological changes to adapt to millennial’s technology driven needs. From purchasing map
cabinets, and acquiring a separate room in a library, to replacing the map cabinets with GIS stations, both collections
and skills have evolved, number of staff and expenditure has increased, therefore transitioning the traditional map
library to a more data-centered entity.
For as long as geography has been offered in universities, there has always been a map collection near by. Almost all of
them started with a personal collection shared by a faculty member in the department of geography. The collection was
fairly manageable since many maps were not published and distributed in the 18th and 19th centuries. Then after World
War II, many more maps became available, such as the Army Map Service deposits, which were offered almost
exclusively by government organizations. With so many maps, geography departments required libraries to take over
the collections – to manage, and organize them. Very few knew about the value of maps as research tools. Library
administrators and other library staff didn’t really know proper procedures for producing records, classifying the maps,
and storing them. Librarians weren’t trained to manage cartographic collections, or to recognize their importance as a
reference and research facility across many courses, so the development of map libraries had a slow start, with the first
university library map collections being developed in the 1930s and 1940s. In fact by 1940, the U.S. had fewer than 30
map libraries with one or more full time employee. It was then quickly realized that an university library of the future
must include librarians with adequate cartographic training and that an emphasis must be placed on collecting
cartographic reference materials.
The 1954 publication of the directory of Map Collections in the United States and Canada shared the number,
distribution and size of map collections (government agencies, public libraries, academic libraries, and other
organizations). The directory recorded map holdings of 497 collections in the U.S. and 30 in Canada. Since 1955, a
number of institutions have established separate map rooms or departments and have employed full time map librarians.
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Since the 1950s, a large number of topographic and resource mapping products began to emerge in the form of free
distributions. Collections began to rapidly grow, and starting in the 1960s one of the first professional cartographic
societies were established. In Canada, the Association of Canadian Map Libraries (now Association of Canadian Map
Libraries and Archives and Archives) was established in 1967. In the U.S., the Special Libraries Association, and later
the American Library Association, which launched a Map and Geography Round Table in 1980.
An updated 1969 publication of the directory of Map Collections in the United States and Canada (Carrington, 1970)
identified some 605 map collections including 297 in 244 colleges and universities. A 1985 edition (Carrington, 1985),
revealed a total number of 804 map collections. This survey suggested that any university with an organized geography
program has some kind of map collection. Many are housed in a central library, but some were still being housed within
departments of geography, and geology.
From the mid-1980s, maps were increasingly being digitized or replaced by data in digital form and stored and
distributed on media such as magnetic tape, floppy disk, zip disk, CD-ROM, and hard drives. The use of GIS in libraries
started occurring in the late 1980s, early 1990s. In a survey conducted in 2000, it was revealed that the majority of map
libraries have been providing some kind of GIS based services in the last 1-4 years. 8.5% were just getting started with
GIS; 21% have been offering GIS services for 5-7 years; 9% for 8 or more years. Maps (58%) and Government
Publications (28%) units were the most common library units to offer GIS services. 16% offered the services from the
Reference department, and 18% have a separate unit or department on campus, and 16% were part of another unit in the
library (i.e. Special Collections, Microforms) (Stone, 2000).
The increase in the number of libraries offering GIS services has grown dramatically throughout the last two decades.
This growth has caused changes in the kind of collections and services being offered by map libraries. Many
government agencies have replaced their free print maps with digital versions, giving map libraries fewer maps to
process and store. The addition of GIS and spatial analysis to many academic curricular, and the growing data holdings
in libraries, not to mention an increase in free open datasets has libraries acquiring larger storage devices and faster web
servers. The transition from print to digital is changing the culture of map libraries and is altering the way the services
are being offered.
This paper examines 340 university libraries in Canada and the U.S. that offer maps and/or GIS services, and reviews
their service points (part of a collection vs stand-alone room), their collection names (map room vs GIS Center), the
type of material they house, and the kinds of software they use, concluding that the shift from paper to digital is evident
as seen through organizational developments, and name changes. As geospatial data continues to be more readily
accessible, and open, the future of GIS services in libraries will continue to evolve.

METHODOLOGY
A list of 340 academic cartographic collections was compiled by conducting a thorough internet search for all American
and Canadian academic libraries listed in Online Libraries Worldwide < http://www.lib-web.org/ >, an online directory
of libraries in the world. Each academic library’s website in every state and province was visited to determine the
existence of a substantial cartographic or GIS collection. Libraries which only held government depository maps were
not included as this study focused on exploring larger collections that included coverage of county, city, state/province
and national level geographic areas. After virtually exploring all cartographic collections online, a list of 40 Canadian,
and 300 U.S. libraries was established. This list was used to study information about each library in great detail. The
overall goal was to determine whether GIS technology has changed the culture of traditional map libraries. Are map
libraries becoming GIS Data Centers? Are they encouraging the use of open data, and offering a variety of GIS software
products to their users? By exploring library webpages, visiting their subject guides, and writing emails, data was
gathered to answer the following questions:
•

Does the cartographic collection include GIS services?

•

Is the cartographic collection part of the Library or another department on campus?

•

If in the Library, does the cartographic collection have its own room, or is it part of another unit in the Library,
like Government Documents, of Special Collections?

•

If the cartographic collection is a separate unit in the Library, does its name reflect its collection (maps, maps
and GIS, GIS and data, etc.)?

•

If GIS services are offered, what software programs are available for clients to use?

•

Does the library website link to open and government geospatial data?

•

Which datasets are linked to the most often?
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RESULTS
Cartographic Collections in Universities
Out of the 340 academic libraries, there is a surprising amount that do not offer any GIS services. 110 offer print
cartographic resources, without GIS Services; 220 offer both print cartographic resources and GIS services; 10 offer
GIS Services only. 12 cartographic collections are housed outside of the main library in departments of
Geography/Environmental Studies (10), Geology (1), and Engineering (1). The remaining 328 cartographic collections
are offered in a main library. Most make their services available from separate Map Rooms, Map Libraries, and GIS
Centers (155). Some offer their services from more than one service point. Many map collections are integrated with
government documents and and/or statistics (27). Many have integrated their map collection with the Government
Documents Department (63). Some offer cartographic and GIS services as part of a wider research commons area (i.e.
Research Hub, Scholarly Commons, etc.) (8). Lastly, the remainder don’t offer official cartographic and/or GIS
services, but are available to assist by appointment (34). Historical maps are often available from Special Collections or
Rare Book Rooms (41).
Similar to the way it was almost 70 years ago, many cartographic collections continue to share their physical space with
government documents. With so many maps and even geospatial data being published by the government, it is an
understandable unity. What is interesting to note is that there is no universal name for a map collection. Unlike the
typical library departments like “Reference Services”, “Government Documents”, “Special Collections”, map
collections traditionally have been in “Map Libraries”, but this is not really the case anymore. Certainly, many have
kept the Map Library name, but many more have re-named their collection to include the geospatial services they also
offer. Table 1 is a list of all of the different map collection department/unit/room names.
Table 1. List of all of the different map collection department/unit/room names
Atlas and Map Collection (1)

Geospatial Data, Maps, and Aerial
Photographs (1)

Map and Data Library (2)

Cartographic Collections (1)

Geospatial Data Services (1)

Map and Geographic Information
Center (MAGIC) (2)

Census Data Center (1)

Geospatial Map and Data Center
(GMDC) (1)

Map and Geospatial Data Collection
(1)

Center for Digital Scholarship (1)

Geospatial Resources (1)

Map and Geospatial Hub (1)

Center for Geospatial Analysis (1)

Geospatial Services (4)

Map and Geospatial Information
Center (1)

Center for Geospatial Technologies
(1)

Geospatial Services and Training
(1)

Map and Geospatial Information
Collection (1)

Center for Government
Information, Data and Geospatial
Services (1)

GIS and Map Resources (1)

Map and Government Information
Library (1)

Center for Maps and Geospatial
Information (1)

GIS Applications Laboratory (1)

Map and Imagery Library (1)

Center for Statistics and Geospatial
Data (1)

GIS Center (3)

Map Center (1)

Data and GIS Lab (1)

GIS/Data Center (GDC) (1)

Map Collection (45)

Data and GIS Services (1)

GIS Lab (1)

Map, Data, and GIS Library (1)
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Data and Visualization Services (1)

GIS Research and Map Collection
(GRMC) (1)

Map Library (19)

Digital Map Lab (1)

GIS Research Studio (1)

Map Reading Room (1)

Digital Scholarship Center (DiSC)
(1)

GIS Specialty Center (1)

Map Room (12)

Earth and Atmospheric Sciences
Map Room (1)

GIS Technical Center (1)

Maps (8)

Earth Sciences and Map Library
(2)

Government and Geographic
Information Collection (1)

Maps, Aerial Photographs, and GIS
(1)

Geographic Information Centre (1)

Government Documents (31)

Maps and Atlases (4)

Government Information, Maps
and GIS Services (1)

Government Documents and Maps
(5)

Maps and Geospatial Data (2)

Geographic, Statistical, and
Government Information Centre
(1)

Government Documents and
Microforms Department (1)

Maps and GIS (3)

Geographical and Statistical
Information (1)

Government Information and
Library Services (1)

Maps, Data and Government
Information Centre (MADGIC) (1)

Geography Library (1)

Government Information and Maps
(2)

Maps/GIS Collection (1)

Geography Reading Room (1)

Government Information and
Statistics (1)

Microforms, Government Documents,
and Maps (1)

Geological Collection (1)

Government Information, Maps,
and Microform Services (2)

Research Data Services (1)

Geology Library (1)

Government Publications, Maps,
Microforms, and Newspapers (1)

Research Hub (1)

Geology Library Map Room (1)

Library and Technology Services
(1)

Scholarly Commons (1)

Geospatial Center (2)

Map and Aerial Photographs (3)

Spatial Analysis Lab (1)

Geospatial Centroid (1)

Maps and Science (1)

Spatial and Numeric Data Services (1)

Analyzing the names of the units, 60 have updated their names to reflect their GIS services, with names like Geospatial
Centre, Maps and GIS, GIS Research Studio, Spatial Analysis Lab and so forth. 22 have pooled their resources in create
a larger unit that combines GIS, Maps, and government resources. After some further analysis, 139 academic map
collections offer cartographic and GIS services, but their names reflect only cartographic services, with names like
Atlas and Maps, Map Room, Map Library, Geological Collection, etc.
Two thirds of the cartographic collections studied offer GIS Services, however only 27% have updated their collection
name to reflect this. Many map libraries and geographic centers remain, with over 80 different collection names used.
Standardizing cartographic and GIS units in libraries may help make the services available among academic libraries
more consistent.
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GIS SERVICES
For cartographic collections that had a geospatial service component, research was further conducted to determine the
type of GIS software available for library users, as well as the types of datasets made available to them. ArcGIS is by
far the most popular GIS program used, with 82 libraries listing it as a resource available at the institution. Google Earth
comes in second (18), followed by statistical software SPSS (16), R (12), open source GIS software QGIS (11), SAS
(10), State (9), AutoCAD (8), ERDAS IMAGINE (8), ENVI (6), FME (5), Sketchup (3), PCI Geomatica (2),
SimplyMap (2), and LandScan (2). Many institutions recommended specific software such as QGIS (53), followed by
GRASS GIS (32), SimplyMap (23), Google Earth (17), DIVA GIS (9), Carto DB (7), and Beyond 20/20 (3)
(Dodsworth, 2018).
Most GIS collections share their available resources online through a GIS Subject Guide. Based on an online search of
all North American post-secondary institutions which offer GIS services, about 75% of them use official GIS and other
cartographically related subject guides. These guides typically offer resources for the new and expert GIS user,
including resources that introduce visitors to GIS (GIS news, concepts, terminology), as well as providing links to
online mapping programs, lists of GIS software available, as well as information about, or direct links to geospatial
data. About 70% of the guides link to Open Data websites. In total, those listed included Canadian National (27),
Canadian Provincial (37), Canadian County and City Level (45), U.S. National (57), U.S. State (124), U.S. County and
City Level (110), International (40).
The most common online datasets found listed among the subject guides are: Data.gov, GeoCommons, GIS Data Depot,
Natural Earth, DivaGIS, Geospatial Data Gateway, Open Geoportal, Clearinghouse, GeoNetwork, Data Basin,
GeoPlatform, NationalAtlas.gov, The National Map, Earth Explorer, and ArcGIS Open Data.
There certainly are a lot of resources that librarians organize and manage for their users. What isn’t available within the
Library, is often available via government data sites. It is quite clear that the cartographic and GIS library units expands
beyond four walls, and that managing the sheer amount of software and data isn’t an easy task, and one that will
continue to be more challenging as the abundance of available datasets continues to grow. Perhaps a future solution may
be having a geoportal for each country, where all government agencies, from city to national levels can upload their
data to one area for all users to access. Pretty soon we will find software programs running all virtually online, so the
need for GIS Centers and Labs in their current roles, will definitely change, moving away from software and GIS
repositories, to instruction and support.

CONCLUSION
We have come a long way since the 1950s when the first map libraries were established, to the 1990s when the first GIS
software programs were installed in these libraries. After a decade of use, many map libraries started replacing their
map cabinets with additional computers, and focused on scanning maps to add value for their visitors. Some libraries
stopped acquiring print maps all together and changed their names to reflect the predominant GIS services available.
Librarians have mastered GIS technology, creating valuable online projects with library collections. They have found
ways to teach and promote GIS to others. If not for their hard work, GIS may still be a tool for geographers, as opposed
to the wide variety of fields that use it in academia today. Libraries will continue to support the uses of GIS, and library
staff will continue to direct users to the best databases available. The next decade will continue to bring change, and
will likely be one of the most exciting years for academics, students, librarians, and everybody else who will be
dependent on geospatial technology.
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Abstract
A new course of C++ programming for surveyors and cartographers has been developed. Pedagogical experiments
were carried out in the period of 2009-2017 in Moscow State University of Geodesy and Cartography. Students have to
deal with common geodetic tasks both on lectures and during practical sessions in computer class. This is the main
characteristic of the training. A wide range of training programs in the field of geodesy has also been developed. As
example the object-oriented program including friend functions and friend classes is considered. The program has two
classes - a right-angled triangle and an angle, which further could be declared as a friend class. This program
highlights the possibilities of object-oriented programming on the basis of friend relations between classes that have no
sibling connection. Experience of using an interactive board and a program for remote administration PC to organize
studies in a computer class has been generalized.
Keywords: teaching, higher education, С++ programming, geodetic tasks

INTRODUCTION
The programming is a rapidly growing science and it was included into the courses of higher educational institutions
approximately 25 years ago. In Russia, specialists in the field of computational mathematics, who participated in space
research and a nuclear project, created the basics of programming training. As a result teaching the programming has
been carried out in a framework of computational mathematics for example typical tasks were the calculating of the
definite integral, finding the sum of convergent series with taking error in account or evaluating a function of several
arguments, etc. Even though this tradition is preserved today not only mathematicians but also different engineers are
learn programming. And programming itself is used to solve problems in different fields of science which are not of
concern of computational mathematics for example in economy, soil science, and other. Author suggests that in modern
context it is possible to break from this tradition and create training courses suitable for a particular higher educational
institutions taking into account their scientific specialization. For instance, cartographers and surveyors learning C++
programming are to solve tasks from the related areas of cartography and geodesy. Therefore training course should be
geared towards the needs of surveying and cartographic industry.
Nowadays many helpful textbooks and manuals on the programming language C++ exist. Classic multipage book
written by B.Stroustrup must be mentioned first (Stroustrup, 1997). An other classic book written by S.Prat is C++
Primer Plus (Prata, 2011). There also exists number of smaller manuals such as H. Schildt book (Schildt, 2003), J.
Liberty and M. Cashman’s book for self-study (Liberty and Cashman, 2002) or S.R. Danis’ book consisted of comics
(Davis, 2014). However there are no specific manuals aimed to train surveyors and cartographic engineers. To improve
this situation the author has published a range of articles mostly in Russian scientific magazines (Zablotskiy, 2009).

SOME CHARACTERISTICS OF A NEW TRAINING COURSE OF PROGRAMMING
The C++ programming course for undergraduate students has been developed in Moscow State University of Geodesy
and Cartography (MIIGAiK). This course is based on geodetic training tasks and intended to meet the needs of
surveying industry where the university plays one of the leading roles. The lectures of this course can be illustrated with
tasks of general geodesy. Practical lessons at the computer classes and homework are to prepare students to use
knowledge of C++ programming methods to solve various engineering and surveying problems. This approach to the
course structure has many advantages. Here are some of them.
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Firstly, students form an image of programming as a discipline which has practical nature and would be a part of their
future profession. Holders of a bachelor's degree and a master’s degree active in surveying and Earth’s remote sensing
acquire some knowledge and practical skills in programming to complete specific engineering tasks. It should also be
stressed that via programming a geodetic task a student scrutinizes it, and understands logic of task solution. It would be
useful to consider a common geodetic task from the viewpoint of programming. Implementation of the course required
improving training workshops in programming, applying new technologies in teaching, and developing new training
tasks for homework, tests and exams.
Once C++ programming is conducted via Windows operating system, programming for Windows using rapid
application design (RAD) has been included into training process. However, programming for Windows consists of
different techniques and methods based on extensive use of RAD. The process of creating the program’s interface
involves selection of relevant components from the toolbar, their further transferring onto the form, as well as defining
properties of these components. All of this requires knowledge about various elements of the programming
environment. So the conventional way of teaching by recording the program code on the chalk board seems to be
inappropriate. Students are to learn how to operate programming environment, in other words; which element must be
chosen to implement a particular function; how to work with a variety of menus and submenus; which options for
typical control elements exist, and how to set these options, etc. An interactive electronic board which allows
demonstrating the work with programming environment while developing programs has become very convenient tool.

EXPERIENCE IN APPLICATION OF INTERACTIVE ELECTRONIC BOARD
Interactive electronic board is a new technical feature aimed to improve the quality of teaching process. Pedagogical
experiments were conducted in MIIGAiK from 2009 till 2015. The interactive board was used while teaching students
and post-graduates C++ programming language. The board has been successfully implemented while teaching
undergraduate students as well. By this moment we have come up to some important conclusions. Nowadays it appears
to be hard to teach C++ programming using variable names, functions and other objects due to some difficulties which
arise while organizing a training process. In most cases it is associated with increasing code size. Application of an
interactive board technology allows a teacher to concentrate on analyzing issues of programming. Conventional training
method suggested usage of white board was not effective and put some extra load on the teacher. Moreover it has
become difficult to work with a modular program which is based on a code consisted of more than 500 instructions.
Application of such a technology increases the efficiency of the teaching process and allows reducing the load on the
teacher significantly. Even using an interactive whiteboard as a display device, improve the efficiency and intensiveness
of practicals, makes them interesting for students.
Working on program development and program run, if all the stages are clear to everybody in classroom, encourages
collaboration among students. Practical lessons become interesting, students do not get bored and a task is to be solved
faster. The high point of a practical lesson is successful program compilation and program run and it creates a specific
atmosphere in a classroom where students feel satisfied with learning process and have reached the aims set.
The use of the electronic board significantly reduces the number of students’ requests to provide assistance. A teacher
does not have to join a student at his computerized workplace to revise the code or find a specific solution of a
particular problem. Application of this technology allows a teacher to set a pace of class and to give a complete and
clear example how to solve tasks via a program. Interactive electronic board is especially effective in training the
development of programs consisted of several modules and contained more than fifty lines of code. Using interactive
mode it is possible to find function calls, monitor the transfer of control from one part of the program to another, and
observe transitions from a module to other modules quickly and conveniently. Interactive electronic board would make
practical programming lessons fun and effective.

EXPERIENCE IN APPLICATION A PROGRAM FOR REMOTE ADMINISTRATION
A program for remote administration PC might be another technical solution for organizing training process at practical
lessons of programming. All the computers in computer class are integrated into a local network, which could be used
in order to reduce a load put on a teacher and to increase efficiency of training process. It has become possible due to a
specific program for remote administration, for example, Remote Manipulator System, set to the computers in class.
Such a program was used in 2011-2014 during the C++ programming practicals, IT and program development in a
computer center of the MIIGAiK geodetic faculty. With its help students are able to see from their workstations what
teacher's computer screen displays. And at the same time teacher might observe the work of each student.
Consider the experience of organizing practical classes on C ++ programming. Practical classes were organized as
follows. At the beginning of the lesson, students established a connection using the client-end portion of the remote
administration program. Then they opened a window on their computers that displays the desktop of the teacher's
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computer. In this mode, all actions that the instructor performs on his computer are immediately being displayed on
screens of all students' computers. In this part of the lesson, to observe and memorize the actions of the teacher, who
solved a specific problem on his computer, was the main task given to students. Over the second part of the lesson each
student was given a task. The task was to be completed using the tutorial prepared by a teacher. At the same time, any
student at any time had the opportunity to return to the screen of the teacher's computer and compare their records with
the teacher's notes. In the second part of the practical lesson, the teacher, using the program, could control the work of
each student.
An important advantage of using the remote administration system is that diligent students are able to make copies of
the teacher screen on their computers and store these copies in their file in order to write down the solution of a specific
task performed by the teacher in more detailed way. In regard to a teacher the main advantage of using the is that he
does not have to skip from one computer to another and work with the mouse, explaining once more what actions were
necessary to complete the task or correct his mistakes. Sitting behind the screen of his computer, the teacher can
monitor the execution on the educational task by students, since the system can visualize the desktop of each student’
on teacher’s monitor. In this case, the teacher has an opportunity to detect the error of a particular student, identify
typical mistakes made by most of the students and correct them in time. It is possible to organize the educational
process in such a way that errors could be corrected right after they have been committed, which will make the learning
process more effective. Also, a teacher can apply the control mode of the remote computer, that is, launch / stop a
program on it or remotely correct the student’s mistake.
In MIIGAiK, the C ++ programming course is taught during one or two first semesters on the sidelines of the general
geodesy course. Therefore, problems, arisen in general geodesy, could be successfully used in the field of programming.
For practical exercises, two types of programs have been developed. Programs of the first type are small and intended to
fix language constructions and features. Such programs could be successfully used both in the lecture part and in
practical classes because of their clarity and simplicity. Programs of the second type consist of several modules and files
that go through the whole workshop and illustrate the process of real programs development. Such programs are
designed to make students work without teacher’s supervision. The training process is based on the constant
modification of such programs in order to improve its functionality and data protection. The program of the second type
is, for instance, THEODOLITE. A run-time version of this program consists of 700 lines and 4 modules.

AN EXAMPLE OF TRAINING PROGRAM
This program illustrates the friend classes and friend functions. It is known that the main method, which makes possible
for the program to access particular members of a class, is to use the interface functions. But, sometimes it is necessary
to allow one class to access the particular members of another. For this purpose a class is declared as a friend of another
class. Then the compiler would allow the friend class to refer to particular elements of the required class. The training
program contains two classes: TRIANGLE and its friend class - ANGLE by which the program changes the angles of a
triangle.
The program code is considered. Lines 05-13 consist of the definition of the RightTriangle class. There it is specially
noted that angles of a triangle angleA, angleB, angleC are closed elements. It is necessary to use a key word friend in
line 10, which is the public section of the class definition, to declare the Angle class as a friend class to the
RightTriangle class. Next, in the constructor of the RightTriangle class (lines 14-19) the unknown angle of the triangle
is calculated, and each angle of the triangle takes the initial value, i.e. 45°, 45° and 90°. In lines 25-34 class Angle is
defined, which contains a ChangeTriangle function which has a particular member angle and an access to the triangle
via the link. The definition of this function is given in lines 35 to 40. The attention is given to lines 37 and 39 where the
closed elements are the angle A and B. AngleA and angleB convert from a friend class and acquire new values. The
main function is defined in lines 42 to 53. In line 44 an object is created. It is a flat right-angled triangle
plainRightTriangle with angles of 45°, 45° and 90°. In line 46 one more object is created. It is a new angle newAngle
equal to 60°. Then it calls a ChangeTriangle method (line 48) and the address of the plainRightTriangle is determined
as a parameter, which leads to changes in the values of the acute angles of the triangle.
01:
02:
03:
04:
05:
06:
07:

#include <iostream>
#include <string>
using namespace std;
class RightTriangle
{
public:
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08:
09:
10:
11:
12:
13:
14:
15:
16:
17:
18:
19:
20:
21:
22:
23:
24:
25:
26:
27:
28:
29:
30:
31:
32:
33:
34:
35:
36:
37:
38:
39:
40:
41:
42:
43:
44:
45:
46:
47:
48:
49:
50:
51:
52:
53:

private:

RightTriangle( int angleA );
void ShowAngles( void );
friend class Angle;

int angleA, angleB, angleC;
};
RightTriangle::RightTriangle( int angleA )
{
RightTriangle::angleA = angleA;
RightTriangle::angleB = 90 - angleA;
RightTriangle::angleC = 90;
}
void RightTriangle::ShowAngles( void )
{
cout<<"А = " <<angleA <<"° "<<" В = " <<angleB <<"° "<<" С = "
<< angleC << "° " << endl;
}
class Angle
{
public:
Angle(int angle){
Angle::angle = angle;
}
void ChangeTriangle(RightTriangle *);
private:
int angle;
};
void Angle::ChangeTriangle( RightTriangle * triangle )
{
triangle->angleA = angle;
}

triangle->angleB = 90 - angle;

int main( void )
{
RightTriangle plainRightTriangle( 45 );
Angle newAngle(60);
newAngle.ChangeTriangle( & plainRightTriangle );
cout<<"Angles of Triangle is:"; plainRightTriangle.ShowAngles();
}

return 0;

It is known that it is possible to expand access to members of a class via converting access modifier, for example,
replacing private to protected. The difference between this type of transformation and a transformation with the use of
friend classes is emphasized. Protected members of a class allow derived classes to access protected members of the
base class directly, using the “dot” operator. The difference is that protected members of a class can refer only to classes
that derive from this base class or classes that inherit base class elements. Friend classes in C++ usually are not related
by inheritance. Therefore, the only way to access private members of another class for such unrelated classes is to
associate those classes as friend classes.
After a class has been defined as a friend class to another class, all function members of a friend class can access private
elements of another class. However, to limit the number of user-friendly methods that can access particular data of a
class, C++ allows specifying a friend function. To specify a function, the keyword friend followed by the function
prototype, which, in fact, refers to particular members of a class, is also used. For example, in the RightTriangle class, it
is possible to specify a friend function friend void Angle::ChangeTriangle (RightTriangle *), opening access to
particular data elements of the class triangle. This, however, might result in syntax errors because of wrong order of
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class definitions. In our case the use proactive definition of class triangle class RightTriangle is needed. Then it would
be necessary to define the class angle and the class a right-angled triangle, consequently it would be possible to write
the definition of this friend functions.

CONCLUSION
The experience of teaching C ++ programming language for students of cartographers and surveyors at the Moscow
University of Geodesy and Cartography since 1999 to 2017 has been generalized. Pedagogical experiments have
resulted in a new C++ programming course for cartographers and surveyors. The course is based on training geodetic
tasks. On lectures and practical lessons an interactive electronic board is effectively used. Another technical feature
aimed to increase the effectiveness of training is a remote administration program for computers linked up to a
computer network. Using only MS-DOS environment while developing programs is dull for students and therefore this
method of programming is not effective. So it is used only at the initial stage of training to illustrate the basic language
scheme. A shift to Windows environment is made. An educational object-oriented program of friend functions and
friend classes is considered. The program has two classes - a right-angled triangle and an angle, which further could be
declared as a friend class. After the program has been launched, the angle, using its relations, changes the sharp angles
of a right-angled triangle. This program highlights the possibilities of object-oriented programming on the basis of
friend relations between classes that have no sibling connection.
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Abstract
The University of Forestry has many years of educational experience in the use and application of GIS technologies for
resolving issues in the fields of natural sciences and the different sectors of economy, social and public life. That result
stems from the fact that technologies based on the use of georeferenced data have a high level of interdisciplinarity,
which makes them suitable for utilization in education in a wide range of specialties at the university, such as forestry,
landscape architecture, ecology, business management, alternative tourism and others. Combining GIS with the
opportunities provided by augmented reality and virtual reality is a relatively new field for computer technology
integration which allows users to benefit from the connection between GIS and the ever-widening market for mobile
devices using contemporary GPS technology and at the same time allowing the development of computer applications
for a wide range of fields. The present paper analyzes the opportunities for the application of augmented reality in
different stages of the educational process, application within disciplines that are directly connected with teaching GIS,
such as cartography, creation of databases, the cataloguing of different plant species and tools for their online use, as
well as usage in the context of disciplines incorporating different informational technologies or within their
corresponding sections. An overview has been made on the use of specialized products for environmental modeling and
the implementing of their content in GIS software, and opportinuties for the use of digital models from GIS environment
in an environment of augmented reality. Results from these studies can be used as a basis for the transitioning towards
interactive education based on technologies incorporating virtual reality or for the development of specialized products
and mobile applications.
Keywords: GIS, augmented reality, education, mobile technology

INTRODUCTION
The modern world is characterized by turbulent dynamics of the processes of development in all socio-economic
spheres. This is observed mainly in the sphere of ICT, which neccessitates in a big change of the techical-economic
paradigm, connected with innovations. The influence and impact of digital technologies on all sectors leads to
rethinking of the traditional models and the creation of great numbers of new products and innovations. In order to
preserve competetiveness and to cope with the transition to intelligent economy, the digitalisation of all sectors is
necessary. These changes involve the educational process as well, where traditional forms of education are being
increasingly supplemented and boosted by mobile and other computer based technologies. In recent years the market for
mobile devices marks a progressive growth. In the last 10 years the number of sold smartphones to end consumers has
increased with more than 1200% 1 and this is accompanied by an extensive development in terms of their functionality
and effectiveness. This, in combination with the ubiquitous usage of computers leads to the evolution of the teaching
environment into an inseparable part of real life, characterised with availability from any point in the world and
anytime, and interactiveness in the form of synchronised or asynchronised communication. The aquisition of new skills
and knowledge by the students, associated with finding the right information, in the right format and layout
1

https://www.statista.com/statistics/263437/global-smartphone-sales-to-end-users-since-2007

195

Proceedings, 7th International Conference on Cartography and GIS, 18-23 June 2018, Sozopol, Bulgaria
ISSN: 1314-0604, Eds: Bandrova T., Konečný M.

corresponding to contemporary standards, is of cruical importance for the basic aims of the teaching process to be met –
the improvement of quality and effectiveness. The usage of inovative technologies like augmented and virtual reality, in
addtion to currently used methods in teaching, could be employed as an instrument for speeding the access to
informational resources. At the same time they would help in expanding the opportunities for the introduced
informational channels, including communication-wise, as per the environment capabilities, in which applications for
sense improvement work.
The University of Forestry prepares students in the following specialties: “Forestry”, “Ecology”, “Agronomy”,
“Landscape architecture”, “Business management” and “Alternative tourism”. At this stage an introduction is intended
for all of them with the technologies based on the use of georeferenced data that possesses a high level of
interdisciplinarity, which makes them suitable for application in the educational process of a wide range of disciplines
at the university. The benefits from the usage of GIS technologies are mainly in two directions: on one hand, with their
usage as an effective approach in data collection and execution of different spatial analyses that give an opportunity of
the obtaining of more punctual results from different planned activities; on the other hand, with their usage as a tool for
the presentation of the results themselves [1]. GIS could find practical application in almost all spheres of human
activity, as they serve as an efficient instrument for the solution of both problems with global impact and specific tasks
in a specific field such as the deciphering of tree species and age groups by aerial color orthophotoimages [2].
Augmented reality on the other hand, in the terms of being a system, that gives opportunity for the implementation of
virtual three-dimensional dynamic or static objects in a real environment, and affilitated digital data, can be used as an
addition to GIS-created models of the environment, with which a slow transition from reality to virtuality can be made.
The current study aims to aid the educational process through analysis of the opportunities for application of augmented
reality to the different stages of training process: in disciplines concerned with the teaching of GIS, connected with
cartography, database creation, plant species cataloguing and the development of an instrumentarium for their online
use; in the context of other disciplines, connected with different informational technologies or their corresponding
sections; for the usage of digital models from a GIS environment to an augmented reality environment. The realised
results will be used in the next stage of implementing technologies of virtual reality in the teaching process.

AUGMENTED REALITY AND GIS IN THE EDUCATIONAL PROCESS
1. Augmented reality
The usage of technologies, connected with augmented reality, dates back to the 60’s of the 20th century. But just now, in
recent years they gain popularity among society and become increasingly applicable [3]. Augmented reality, in the
context of other technologies related to it, is viewed as a mixed reality – the merging of both real and virtual worlds in
one and continuum of mixed reality, that serves as a taxonomy of the different ways, through which „virtual“ and „real“
elements could be combined together [4].
A range of different approaches for classification of augmented reality from a more contemporary time define it from a
point of the taxonomy of its own environment, based on a specific functional aim [5]; through taxonomy, based on the
idea that every AR system can be comprised of six under-systems containing image aquisition, virtual model generator,
undersystem for reality mixing, display, real manipulator and a tracking undersystem, all of which can be defined
through the help of already existing taxonomies [6]; through taxonomy, based on 4 axes – compulsory tracking, type of
enlargement, content, visualised through the AR application, and non-visual ways of presentation [7]. One of the most
common definitions for augmented reality describes it as a system, which allows for real and virtual objects to exist
within the same space, in which they can interact in real time [8]. Augmented reality, regardless of whether being
executed on the basis of location, markers, or images, allows the consumer, with the proper tools, to enhance the current
reality through virtual three-dimensional objects with the option for their manipulation or granting of additional
information related to them, in digital format. When realized based on location the information is shown on the display
through a combination of data based on the physical location, aquired through the device‘s GPS and the direction,
towards which it is oriented. Markers in the form of asymmetrical graphics, containing a unique geometrical
combination are the second way of realizing augmented reality. They are used for software recognition, during which an
object is generated in advance with the aid of different products for three-dimensional modelling (Figure 1), while the
object corresponds to the marker and is shown on the display. The third approach is based on a georeferenced location
of the consumer, with the localisation of which, from a previously generated database with images, related to the object
or its surrounding environment, the respective content is submitted. Based on a sensible interface operating with
physical objects, the applications using this technology grant an opportunity for the aquisition of interactive experience,
through the manipulation of virtual information connected with them.

196

Proceedings, 7th International Conference on Cartography and GIS, 18-23 June 2018, Sozopol, Bulgaria
ISSN: 1314-0604, Eds: Bandrova T., Konečný M.

Figure 1. Augmented reality for information purposes related to University of Forestry
The dynamic layering of information, the different opportunities for virtual interpretation in a specific context transform
AR into a valuable instrument in the field of education, which leads to a great change in the traditionally known
learning process. The option for layering a great variety of multi-media information over real world objects and their
manipulation, through different mobile devices connected to the Internet, means that this informtion could be accessed
by students in the exact time and place. The variety of available data on the Web gives a chance for not only the
physical parameters of objects of the surrounding environment be understood, but also the visual properties, related to
them. The fuctionality and effectiveness in the use of AR are defined by specific geospatial information, connected with
the necessity for a combination between data and the specific coordinates and the dimensional connections between the
camera and the surrounding environment.

2. Geographic information systems
In recent years the usage of GIS in the learning process far exceeds the scope of specialised education targeted mainly
towards the field of geography and it is already a basic part of the general training of specialists in many other science
fields. The different geobrowsers bring to the front a different kind of GIS, making the geospatial data in our time
accessible for a wider range of people. Their use does not require a high level of spatial literacy because they are based
mainly on the technical part of usage, and not so much on the specific needs of society [9]. Regardless, these
technologies are still mainly connected with the concept for spatial thinking aimed towards the development of spatial
capabilities, through their use as an instrument shaping perception [10]. With the granting of an opportunity for
combining databases with spatial information about the objects, GIS platforms are being further established as a basic
module, which allows for the developmnet of business instruments and the automatisation of different processes.
Geospatial data and affilitated analyses become more widely used due to the constant exceeding development of the
geographical informational technologies and technologies giving opportunity for science research and for the assistance
in decision-making in a variety of fileds including engineering and social sciences [11,12]. GIS incorporate highly
technological methods with the option for an intuitive interface for communication and are especially suitable for
accomplishing the process of merging of both the physical world and the related three-dimensional computer
georeferenced information. The presence of GIS applications with the option for operation through mobile devices
makes access possible from anywhere and anytime, which in turn makes them a powerful tool that is symbiotically
conncted with the application of technologies like augmented and virtual reality. On the one hand, that symbiosis leads
to an easier understanding of the specific geospatial information, related to the objects, through the granting of an
additional multimedia content, and on the other hand, through the opportunities for the export of data in different
formats from GIS applications, an accurate geolocalised information for the needs of AR could be acuired.

APPLICATION OF AUGMENTED REALITY IN THE PROCESS OF GIS TRAINING IN THE
UNIVERSITY OF FORESTRY
The blending of GIS with the potential of AR and VR is a relatively new field for integrating computer technologies,
which allows consumers to take advantage of the connection between GIS and the evermore-expanding mobile devices
market, which use contemporary GPS technologies and allow for the development of a vast selection of computer
applications that could find use in different areas. This article examines the opportunities for application of augmented
reality in the different steps of the teaching process, as in disciplines concerned with the teaching of GIS, connected
with cartography, database creation, plant species cataloguing and the development of an instrumentarium for their
online use, as well as in other disciplines, connected with different informational technologies or their corresponding
sections. Examined is the starting stage of a project targeted towards research of the opportunities for the
implementation of the created informational databases in the teaching process of students in different disciplines, in an
innovative way of teaching and learning the matter, through the use of technologies for augmented reality.
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Subsequently, this will be used as a basis for the transition towards a teaching based on the use of virtual reality. For the
aims of the project it is intended for the surrounding park area and the university's dendrarium to be used, which serve
as an educational environmet for all students. The catalogued plant species of that territory include 59 different types,
12 of which are gymnosperms, 24 are angiosperm trees and 23 angiosperm shrubs. Along with that, the zone provides
an opportunity for modelling the terrain and different computer simulations, because of that it is included in the
teaching process of disciplines, related to the study of GIS and Landscape architecture of an environment. The aim is,
through the use of mobile applications with the corresponding fuctional capabilities, an opportunity be provided for the
information gathered so far to be added in the form of integrated multimedia content to a part of specific tree species,
which will serve as pilot units in the introduction of the project (Figure 2).

Figure 2. Layering an additional information via mobile devices to specific tree species

1. Selection of GIS software for the aims of the project
The University of Forestry has a long-standing experience in the use and application of universal software platforms
for GIS, both as a part of the teaching process for Bachelor‘s degree and Master‘s degree for the disciplines „Forestry“,
„Landscape architecture“, „Business Administration“, „Alternative tourism“, „Ecology“ and „Agronomy“, and also as a
part of wide-ranging reaserch, conducted by representatives of the different faculties. In the period of 2015-2017, the
University of Forestry has bought licenses for Pitney bowes – Mapinfo ProTM 15.2 and has updated the versions of the
software products of ESRI - ArcGIS™ 10.4, which has dramatically improved the capabilities and scope of teaching in
the field of GIS. In previous years the university has used earlier versions of the product AutoCAD®Map 3D as part of
the family of products by AutoDesk. In addition, as part of the teaching process and scientific research purposes opensource universal software solutions for GIS have been applied, like GRASS, QGIS, gvSIG and MapWindow GIS. The
main characteristic of the researched software platforms are shown in Table 1.
Table 1. Research of software platforms for project purposes

ArcGis

Current
version
10.4

Type of
Software
commercial

Type of
Product
Desktop

MapInfo

15.2

commercial

Desktop http://www.pitneybowes.com/us/location-

AutoCad
Map 3D
QGIS

2016

commercial

Desktop http://www.autodesk.com/products/autocad-map-3d/ovwerview

2.14.1

FOSS

Desktop http://www.qgis.org/en/site/index.html

gvSIG

2.2

FOSS

Desktop http://www.gvsig.com/en

Mapwindows
GIS
GRASS

4.8.8

FOSS

Desktop http://mapwindow4.codeplex.com/releases/view/11024

7.1

FOSS

Desktop https;//grass.osgeo.org/

MapWinGis

4.9.3

FOSS

Library

http://mapwings.codeplex.com/

DotSpatial

1.8

FOSS

Library

http://dotspatial.codeplex.com/

Product

Internet Address
http://www.esri.com/software/arcgis
intelligence/geographic-information-systems/mapinfo-pro.html
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After conducting the analysis, the most suitable for the aims of the project is determined to be ArcGis 10.4. Apart from
the great number of resources, created on an earlier stage, related with the use of the product for the longest time in the
university, the choice is also influenced from the opportunities for using its affilitaded application with a direction
towards augmented reality „AuGeo“ 2. It is free for ArcGis users, available for download in the iTunes and Google Play
stores and allows an easy import of data from already existing point layers of ArcGIS products to a mobile application
for AR.

Figure 3. Example of using AuGeo application
Used primarily as a time-saving tool for people to find what they are looking for, through more intuitive presentation of
hidden objects using mobile camera lenses (Figure 3), “AuGeo” can be successfully used for project purposes for which
tree species are implemented as a point layer. The pilot study includes four plant species from the park area and the
university's dendrarium (Figure 4).

Figure 4. Territory of park area and dendrarium of the University of Forestry

2. Specialised products for Landscape modelling of the environment
2

https://www.esri.com/arcgis-blog/products/apps/3d-gis/ar-for-your-gis/
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From the point of specificity, of all the applied specialised software products in the teaching process with a focus on
landscape modeling of the environment, the most suitable for use in the current research are 3D Nature 3 and
Vectorworks 4. The first one is focused on the needs of GIS, foresters, agronomers, ecologists, landshaft architects and
others in the field of Nature resources. It allows the execution of mathematical modelling, computer simulation and
animating of nature and man-made phenomena in the environment, regardless of the scope and complexity in full
photorealism. It is suitable for use, due to the opportunity it provides for the import of realized approaches through the
use of GIS software in the form of „.shp“ files. The other software product in the form of a module provides a platform
for the designing of landshaft and city areas, offering a rich variety of solutions for the rationalisation of everyday tasks
with leading instruments of the industry. The built-in objects, the supported databases and the opportunity for an
effective sharing of projects and the flexible functions for documentation allow for the optimisation of the work process
and facilitated modelling of the surrounding environment. Their combined use will give rise to the opportunity for the
import of already existing overlays, developed with GIS software, in their environments with the aim for better
modelling. For research purposes related to the development of 3D models, it is appropriate to use the Unity 5 software
product in terms of both the free licenses granted to students as well as the possibility of compatibility and integration
of the created three-dimensional objects in virtual reality technologies.

3. Methods for implementing augmented reality.
Thе addition of interactive multimedia content can be realised through every one of the methods described above –
based on an image, markers, or location. If an approach for realisation based on an image is accepted then thе
implementation of additional information can be realised through an instrument allowing an opportunity for a new
vision, in which through augmented reality an additional layer to the surrounding environment can be created in the
form of an informational landscape, which will be then directly and successively added to the vision in a very accessible
way [13]. The realisation through markers can be done through the embedding of QR codes into the information plates
of tree species, with the scanning of which, information can be started in the form of augmented reality. For a
realisation through location georeferenced data about tree species inputted in advance could be used in an application
realised with GIS software, through which the GPS coordinates of tree species and photos of the surrounding
environment could start the presentation of the inputted in advance information, related to the specific object.

CONCLUSION
The use of innovative solutions in the field of education is neccessary due to the quickly changing requirements of the
surrounding environment. The use of the technology of augmented reality as an addition to the teaching process,
realised through standard methods and tools could give an opportunity for the transitioning towards a new stage –
teaching with the option of realisation outside laboratories and into the real world, which in turn will lead to the better
learning of the taught material. The developed models of the surrounding environment, described in this article can later
be used as interactive models for teaching through the methods of virtual reality. The future directions for work on the
project intend for 360° videos to be made, which are distinguished by a new approach in filming and post-production.
The used video technology which constitutes of rigs of different numbers of independent cameras with several sensors.
The positioning of the camera and lightning is vastly different from those in the filming process of a standard video, and
in addition, for the specific needs of the project, spherical sound, as well as telemetrics for the collection of data, such as
distance, speed etc. Such video footage requires recording in high resolution and high frame speed, which may vary
depending on whether the video is viewed panoramically (on a monitor or smartphone) or through VR glasses
(headset). An additional step in post-production is the so-called „stitching“ of the raw material, which is comprised of
connecting all the separate videos into a single 360° picture. The last stages include montage, color corrections and
compositing. That, in combination with augmented reality technologies will make possible the realisation of the
transition from reality to virtuality in the teaching process.

3

https://3dnature.com/
http://www.vectorworks.net/
5
https://unity3d.com/
4
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Abstract
For the purpose of measuring the ability of students at the kindergarten level in Turkey in terms of using maps, three
activities were carried out with a total of 67 students. In the first activity, a total of 6 questions asked for the children
with the aim of measuring their abilities in 1) matching the entities in the real world and their representations on the
map, 2) determining topological relationships, and 3) matching a 3D (relief) representations and 2D (planimetric)
representations. In the second activity, they were asked a total of 3 questions with the aim of measuring their abilities in
1) matching the objects in the classroom and the representations on the classroom plan, and 2) determining topological
relationships. Finally, a treasure map activity was performed. As a result, it has been determined that there are
differences between 60% and 80% in terms of abilities in these activities.
Keywords: Cartography, Map Activities, Matching, Topological Relationships, Children of Kindergarten Age

INTRODUCTION
The importance of map education and its impact on the psychological and mental structures and development of
children has been an ongoing discussion. According to Piaget et al. (1956, 1960), the development of map learning
increases throughout childhood and the progress achieved is parallel to the intellectual development of children. From
an early age, children can distinguish objects they see around them on a map. They focused on the Three Mountain
Problem in their work and revealed different behaviors among children of different age groups. It is seen that 4–5-yearold children perceive only those objects in their own sight, children in the 6-year-old age group show an increase in
their level of perception, and in the 7–8-year-old age group other people’s perception can be perceived by the children.
In Jahoda’s study (1963), children were divided into four groups according to their age (5–7, 9, 9–11, 11). The
questions "Where is Glasgow? Where is Scotland? What is Scotland? What is Britain? Did you hear about Britain?
What do you think?" were asked in this study and the children’s answers were divided into the following four stages. In
the first stage a common understanding of Glasgow's definition could not be established; in the second stage, children
recognized Glasgow but not as part of Scotland; in the third stage, Glasgow was recognized as part of Scotland, but
Scotland was not recognized as part of Britain; and in the fourth stage, the Scottish–British relationship was determined
correctly. As a result of the study, only 14% of the children in the 6–7-year-old age group reached the third stage and
only 6% reached the fourth stage. The results show that this age group has weak spatial perception.
Piche (1977, 1981) analyzed the methods used by Piaget and Jahoda in their work. He worked with 48 children between
the ages of 5 and 8 and used drawings, map exercises, and geographical puzzles in an analysis of London. Only 10% of
the children understand that London and England are connected and Piche also identified 6-year-old children that knew
their address but did not know the meaning of it.
Somerville and Bryant (1985) defend the idea that spatial coordinates play a crucial role in map education at school and
they conducted a study to evaluate the knowledge children have about the concept of space. In the study, children were
asked to draw two lines by connecting a certain two coordinates and showing at which point these two lines met. As a
result of the study, it was determined that young children (4–6 years) could find a position in the space by using two
spatial coordinates and they could solve complex problems when they grew older (6 or older).
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In Daggs’s study (1986), children in the 6–7, 7–8, and 8–9-year-old age groups were divided into three groups and an
oral test, a graphical test, and a large-scale physical model was used for this study. The results show that there were
differences in verbal test results in the first and second groups and that there were differences in each group in the
graphical test. However, when a large-scale model was used, it was observed that the performances of all groups were
improved.
Uttal and Wellman (1989) used 130 children between the ages of 4 and 7 to investigate the development of the concept
of space in children. In the first experiment, the children were shown a map of a playground, which they could later see,
and were expected to create a route around the objects in the playground. In the second experiment, the objects in the
rooms in the playground plan designed as six different rooms were taken in a single room and the aim of creating the
same route was repeated. The ability of young children to read maps was revealed in this study.
In studies conducted by Harwood and McShane (1996), 5–6, 7–8, and 9–10-year-old children were investigated using
three different methods (map shadowing, oral interviews, and puzzles) to study if they could understand how
Nuneaton–England–the British Isles–Europe are spatially related to each other. Children with travel experience showed
an increase in understanding.
Sowden et al.’s study (1996) includes pre-school children's reports on the interpretation of a black-and-white and
upright aerial photographs and their ability to solve a simulated navigational problem on a photograph. This study has
shown that children aged 4 have insufficient map skills. It is also believed that more teaching methods can be used to
improve the current abilities of young children.
In a study by Huttenlocher et al. (1999) a point in a rectangle was shown to preschool children and, based on this
display, they were asked to find an object in a larger sandbox. Most children succeeded in this task, although a model
has been proposed to simplify scaling.
Sandberg and Huttenlocher (2001) examined 6-year-old children for the ability to redirect a complex road formation. 36
kindergarten students used a large-scale map to navigate the route. Navigation success, route length, and error types
were all considered, and the results show that kindergarten children can use maps to plan and conduct routes and they
demonstrate planning skills by reliably selecting efficient routes.
In this study, various activities were carried out with the kindergarten students for the purpose of measuring the
following abilities: 1) matching the entities in the real world and the representations on the map, 2) identifying
topological relationships, 3) matching 2D (planimetric) representations and 3D (relief) representations, 4) matching the
graphical representations on the map and the objects in the class, and 5) navigation.

METHOD, EXPERIMENT AND RESULTS
For this study, we conducted activities with Flying Balon Kindergarten students operating in the Karamürsel, Kocaeli,
Turkey. A total of 67 students in the 5–6-year-old age group participated in activities from four different classes. We
were careful to select children from normal classes in which there were no children identified as gifted. As well, we
detected that one of the students was foreign and did not understand the process. For this reason, the results of this
student's activity were not evaluated. We created groups of four students and the activities were performed in order
within each group. While we were studying one group, the other students participated in map recognition and gametime activities with their teachers.

Preparatory Activity
We asked students for understand do the know maps and whether they have encountered the map before. In general,
children could not make accurate comments about what the map was. However, there were also some children who
knew what the map was and could give specific examples (i.e., treasure maps or road maps). Information about the map
knowledge was provided.
We asked children what they know about the concept of an island because we used a Cyprus 3D (relief) map in the first
activity. In response to the question of what an island is, the name of a television show that broadcasts in most of our
country was recorded. This answer indicated to us that television can have positive effects on children, whereas it is
generally considered to have negative effects. Another answer children gave when asked the island question was
regarding the islands where pirate treasure was found. We explained the concept of the island to the children and the
structure of the island was shown on a 3D (relief) map of Cyprus.
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It has been said that children should play as they did with the Cyprus relief map to ensure that they can get closer to the
map through physical contact and at the same time be shown that it can be a fun game tool.

First Activity
For the first activity through the Cyprus 3D (relief) map (Figure 1), a Cyprus map drawn manually to represent the
certain entities appearing on the Cyprus 3D (relief) map (Figure 2) and Turkey map (Figure 3) we asked some questions
of the children to measure their ability to do the following: 1) match the real world entities and the representations on a
map, 2) identify topological relationships, and 3) match 3-D (relief map) representations and 2D (planimetric)
representations.
Question 1: In order to measure the children’s ability to match the representations on the map and the entities in the real
world, we showed the children mountain representations on the relief map and asked them what these representations
correspond to in the real world.
Question 2: In order to measure the children’s ability to match the representations on the map and the entities in the real
world, we showed the children the lines representing the roads on the relief map and asked them what these lines
correspond to in the real world.
Question 3: In order to measure the children’s ability to identify topological relationships, we asked the children if a
road that appears on the relief map was located at (near, inside, on) the relevant mountain.
Question 4: In order to measure the children’s ability to match 3D (relief) map representations and 2D (planimetric)
representations, we asked the children whether a mountain appearing on 3D (relief) map also appeared on the map
drawn manually.
Question 5: In order to measure the children’s ability to match 3D (relief) map representations and 2D (planimetric)
representations, we asked the children whether a road appearing on 3D (relief) map also appeared on the map drawn
manually.
Question 6: In order to measure the children’s ability to match 3D (relief) map representations and 2D (planimetric)
representations, shown a relief map of Cyprus and was asked where is appears on the map of Turkey.
The children’s responses to the questions in this activity on 3D (relief) and printed maps are given in Table 1 as correct
(+) or wrong (-). The responses were evaluated using a SPSS (Statistical Package for the Social Sciences) software.
According to this evaluation, 60.45% of the children participating in the activity had the ability to match the map
representations and the entities in the real world, 65.7% had the ability to determine topological relations, and 70.65%
had the ability to match 3D (relief) representations and 2D (planimetric) representations.

Figure 1. 3D (relief) map of Cyprus
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Figure 2. Cyprus map drawn manually to represent the certain entities appearing on the Cyprus 3D (relief) map

Figure 3. Turkey map

Student
1
2
3
4
5
6
7
8

Q1
+
+
+
+
+
+

Q2
+
+
+
+
+

Q3
+
+
+
+
+
+

Q4
+
+
+
+
+
+
-

Q5
+
+
+
+
+
+
+

Q6
+
+
+
+
+
+
+

Student
35
36
37
38
39
40
41
42

Q1
+
+
+
+
+
+

Q2
+
+
+
+
+
+

Q3
+
+
+
+
+
-

Ability to match 3D
(relief) map
representations and 2D
(planimetric)
representations

Ability to identify
topological relationships

Ability to match the
representations on the
map and the entities in the
real world

Ability to match 3D
(relief) map
representations and 2D
(planimetric)
representations

Ability to identify
topological relationships

Ability to match the
representations on the
map and the entities in the
real world

Table 1. The answers given by the students in the first activity

Q4
+
+
+
+
+
+

Q5
+
+
+
+

Q6
+
+
-
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9
10
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13
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15
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17
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19
20
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22
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25
26
27
28
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30
31
32
33
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+
+
+
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+
+
+
+
+
+
+
+
+
+

+
+
+
+
+
+
+
+
+
+
+
+
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+
+
+
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+

+
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+
+
+
+
+
+
+
+
+
+
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54
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59
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63
64
65
66
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+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
-

+
+
+
+
+
+
+
+

+
+
+
+
+
+
+
+
+
+
+
+
+
+
+

+
+
+
+
+
+
+
+
+
+
+
+
+
+
+

+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+

+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
-

Second Activity
In the second activity, we gave each student one classroom plan (Figure 4). We allowed the children to paint the plans
to keep their interest alive. These plans were used to measure the children’s ability to 1) match the objects in the class
and the presentations on the plan and 2) identify topological relationships.
Question 1: In order to measure the children’s ability to match the objects in the classroom and the representations in
the plan, we asked them where the door, tables, and toy lockers were in the classroom and where the same objects were
represented in the plan.
Question 2: In order to measure the children’s ability to identify topological relationships, we asked them which objects
were next to other objects, such as the door, tables, and toy lockers, and what signs represented these in the plan.
Question 3: In order to measure the children’s ability to identify topological relationships, we asked them what objects
were near the objects such as the door, tables, and toy lockers in the classroom, and what signs represented them on the
plan.
The children’s responses to these questions in this activity are given in Table 2 as correct (+) or wrong (-). The
responses were evaluated using a SPSS software. According to this evaluation, 86.6% of the children participating in
the second activity had the ability to match the objects in the class and the representations on the plan and 64.93% had
the ability to determine topological relations.

Third Activity
Finally, we gave the children a treasure map activity. For the treasure map activity, we hid an object in a certain area in
the class and the children were required to find the object using the plan from the second activity. Although the majority
of the children were in the right position, only one person could find the hidden object. The activity that encourages
children to entertain and learn the most is the treasure map activity.
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CONCLUSIONS
We determined that the students who participated in the activities were the most successful in matching the objects in
the class and the representations in the class plan. The reasons for this may be that the plans were abstract in a similar
way to the pictures that children draw, that they have encountered a representation that they are prone to them, and that
these representations are of small area that they are living in and know well. As a result, we can conclude that children
can read large scale models (maps) of small areas that they are living in and know well.
We also determined that the children were less successful in matching the entities in the real world and the
representations on the maps of Cyprus. In other words, as the area covered by maps grows and the scale become
smaller, the children cannot read the model (i.e. the map) well. This result supports our previous conclusion.
We also found that children can determine topological relationships at almost the same level in both the places where
they live and 2D/3D models (maps). This result showed us that size, dimension, and scale did not have a significant
influence on the children as factors to determine topological relationships.
The results we recorded of the children matching 3D (relief) representations and 2D (planimetric) representations
showed us that the children were aware that 3D objects can be displayed in 2D on a plane, which indicates that children
have an understanding of the concept of projection.
We found that children were most successful at the treasure map activity and were able to reach their targets easily
thanks to a map (plan). This showed us that the map was the most effective way to improve the children’s navigation
skills.

Figure 4. An example of class plan used in the second activity
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Q1
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+

Q2 Q3
+
+
+
+
+ +
+ +
+
+ +
+
+ +
+
+ +
+
+ +
+ +
+ +
+
+ +
+ +
+ +

Student
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67

Ability to identify
topological relationships

Student
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45

Ability to match the
objects in the class and the
presentations on the plan

Q2 Q3
+ +
+
+ +
+
+
+
+ +
+
+ +
+ +
+
+
+ +
+
+ +
+ +
+ +
+
+ +
+ +

Ability to identify
topological relationships

Q1
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+

Ability to match the
objects in the class and the
presentations on the plan

Ability to identify
topological relationships

Student
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23

Ability to match the
objects in the class and the
presentations on the plan

Table 2. The answers given by the students in the second activity

Q1
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+

Q2 Q3
+ +
+ +
+
+
+ +
+ +
+
+
+ +
+ +
+
+
+
+
+
+ +
+
+
-
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Abstract
The collaborative Battiri Mapping experience is following today Las Travesías2, annual trips developed by the School
of Architecture and Design of the Catholic University of Valparaiso, which has a training tradition in
involving students building projects through marathons of shared knowledge. Our last marathon took place within
the Faculté d’Architecture de l’Université Libre de Bruxelles, in March 2017, where l’ESQUISSE COMMUNE3 offers
to students a culmination of their works by inviting them to become URBAN MA[r]KERS4 thinking together about the
importance of the public environment, studying how to represent it in order to explore each layer of its dimensions,
re-thinking it and by so doing being able to participate in its development side by side with its inhabitants.
Measuring, track reporting to inform: we are inside the world of data that Battir offers to characterize through its
topographic survey.
Keywords: Battir, Travesías, Esquisse Commune,Topography, Institutional Cartography, Sensitive Cartographies.

INTRODUCTION
The School of Architecture and Design of the Catholic University of Valparaiso (PUCV)5 has a tradition in radical
pedagogies building collective projects calling upon the main competences for designers and architects. This training is
experimented every year during trips called Traversía, in which both teachers and students take part and build up
together a common work, “Thinking while doing”. Our meeting point is the Battirian topographic mapping civic
experiment implemented within the Palestinian village, Battir6, through an invitation received from l’Esquisse
Commune in 2016.
‘L’Esquisse Commune’ is a special moment within the curriculum of the Faculty of Architecture of l’Université Libre
de Bruxelles (ULB) gathering during a whole week between 150 and 200 students around a common question.
Our program took place at the end of March 2017 within the framework of ‘URBAN MA[r]KERS’, a project
proposed as a part of a district contract for the next 4 years : here ‘Athénée7’ in Ixelles (Bruxelles’s neighbourhood).
The aim was to produce an urban analysis in order to seize, through each of its significant topics, the quality of life in
the public spaces of ‘Athénée’s perimeter submitted to modifications in the coming years through the urban project of
appeased area carried by the municipality and the region.
1

les Cafés-cartographiques, association ruled under the 1901 Law, created in Paris in March 2013. Founded in October 1999 by J.
D. Salachas, ‘les Cafés-cartographiques’ offer to meet around the riches of cartography (Web Site under construction) Facebook
pages presenting our activities are available and usage free https://www.facebook.com/CafesCartographiques/info/?tab=page_info

2
3
4
5
6

Travesías, Escuela de Arquitectura y Diseño de Valparaiso https://www.ead.pucv.cl/temas/travesia/
Esquisse Commune, Faculté d’Architecture La Cambre Horta (ULB) http://archi.ulb.ac.be/etudes/workshops/esquisse-commune
URBAN MA[r]KERS, by I. Ivelic, D. Salgado and A. Mercado (PUCV, Chile) http://archi.ulb.ac.be/node/1031
Escuela de de Arquitectura y Diseño de la Pontificia Universidad Católica de Valparaíso https://www.ead.pucv.cl/escuela/
Battir Landscape Ecomuseum (BLE, Palestine) http://www.akimbo.fr/cafescarto/cafescarto/we-love-maps-mapping-battir/

7

In 2015, the municipality of Ixelles made a diagnosis concerning several northern districts of the town, defined by the Chaussée d’Ixelles,
the Place Fernand Cocq, the gate of Namur, the Avenue de La Couronne, the Ixelles Museum. This diagnosis allowed the municipality to file
a proposal for a district contract called ‘Athénée’.
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‘URBAN MA[r]KERS’ aim to read and write the city differently from the usual tools of urban planning. Therefore, it
was proposed to the students to become actors in opening new dialogues between the inhabitants of the neighbourhood
and their elected representatives, in offering them an exhaustive mapping study representing the city’s public spaces and
their characteristics in order to understand them, so as to intervene and finally to participate all together in its reconstruction.

Figure 1. Battir, meeting point. Between geodesy and art, the civilian cartography.
Between geodesy and art, our crossing point was to seize each step in the conception of a topographic map. Usually,
topographic maps are implemented and handled by governmental institutions, without any access to data. This is what
the battirian topographic civic survey has overturned, offering to all to seize institutional cartography through its
available citizen space data and pedagogic deconstructed mapping, drawing its landscape and its human history from
their measurements. Since 2012, Battir has become our crossing point to accurately explore the construction of a map
following the rules-of-art of institutional cartography.
In Brussels, Ixelles-Athénée, beyond our usual professional practices in cartography and the process to teach it, the well
known battirian cartographic ‘Laboratory of ideas‘ became a training support to produce sensitive maps. The challenge
was to produce a one week survey onto the sites of the concerned neighbourhood, in order to create a consistent
mapping approach expressed in a series of layers per the format A0, prepared so as to be later enriched with the
inhabitants. This sensitive mapping preparation was implemented by the students through the topographic reality
understanding, following the rules of institutional cartographic process.
The mapping representations they produced aimed to be accurate tools to discuss during exchanges between the
inhabitants, the local associations and with the youths of the local schools, together with several partners in the project,
elected representatives and policymakers in charge of public developments of our living spaces, thus giving body to the
participatory democracy.
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Figure 2. Esquisse Commune 2017 www.facebook.com/esquisse.commune https://vimeo.com/196887455.
Location of ‘Athénée’ district contract within the municipality of Ixelles, Bruxelles, Belgium.

CAPTURING REAL SPACE
The starting point to apprehend the space was first the sounds recording. Stéphane Marin8, aa French sound artist
(phoNographist), seized the soundcsapes. He recorded 25 soundtracks in the map within nine geolocated micro-districts
https://aporee.org/maps/work/projects.php?project=esquisse with the aim of revealing the public spaces through
a process of listening.
As being an actor in the development of sound art in open spaces and a composer who has guided his approach
to soundscape creation in situ, Stéphane Marin is invested since 2003 in artistic work adventures that make up the city,
the countryside, the "out of the walls". His concern is to invite to listen "better", in any case to listen "differently".
His artistic proposals underline an art of listening conducive to non-discriminatory sound ecology, as well as — on
the occasion of sound courses or naps—, of listening steps with bare ears and/or augmented or even radio productions.
Organised in nine groups of about 10 individuals, from the Athénée urban cartophony prepared by S. Marin, the
students went back to the town to, in turn, listen to it in situ at their turn, first with eyes closed, then, step by step
through their personal visual approach in order to rebuild its significance through its sounds.
The district contract aims to consider and reinforce the network of public spaces to the scale of the micro-districts, a
coherent mesh to meet the needs of the different groups of users : green areas and breathing places for passersby —
sheltered and welcoming for everyone—, spaces dedicated to students, to strollers, to people coming for shopping, with
links between the micro-quarters.
The proposed Athénée perimeter includes a high density of schools. The priority objectives of the district
contract "Athénée" start from the observation that the top of Ixelles, located in the centre of the city, is highly
urbanised and is experiencing major pressures (road traffic, air pollution, low greenification, noise, etc...) heavily
weighing on the neighbourhood life.
8

Stéphane Marin https://www.espaces-sonores.com In 2008, he created the company Sound Spaces ‘Espaces Sonores’, whose work is
based on a radical approach to the elaborate composition in close connection with the spaces where the work will be heard. He designs
contextual sound for specific sites at the border between environmental listening and sound creation, between field recording and
composition. His artistic, ecological and spiritual trajectory brings him a little closer to silence every day.
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Figure 3. Nine micro-districts fo nine sounds recording by Stéphane Marin
https://aporee.org/maps/work/projects.php?project=esquisse for nine mapping studies per format A0.

MAPS AS TOOLS TO FEDERATE THE COLLECTIVE IDEAS
The redevelopment of the site, achieved by the region, should appease certain parts of this neighbourhood and generate
public spaces for pedestrians and in doing so, it should meet the needs of the inhabitants.
Civilian cartography doesn’t map without the people. There is no representation of the territory if the inhabitants who
create it are left aside. Each individual sustains an intimate link to the territory, each one thus is and remains an integral
part of the "inhabited place".
Addressing the concept of territory through this approach allows to partly answer the questions raised in the context of
the sustainable neighbourhood contract. The diagnosis is established : an heterogeneous neighbourhood, consisting of a
set of nine different "micro-districts", in which pedestrian movements are not fluid between the parts that make it up.
The urban fabric is compact and dense, the "connecting" public spaces are lacking, as well as the possibilities of
stopping and resting. How then can a link be created ?
The approach proposed in this exercise consisted in to adapting the mapping-specific steps to the question asked, as
follow :
1. Analyzing a reality and data collection ;
2. Finding a way to represent this reality in creating a relevant legend for it ;
3. Producing the map : designing cartography.
The map created must therefore faithfully reflect the reality and allow to produce a diagnosis on the usage of the
neighbourhood, in a manner visible and clearly comprehensible by all. The exercise took place following the three steps
of this discipline : the survey, the language and its visualization.
The survey was carried out by walking, pacing and perceiving the space. Then from the data collected "in situ" in order
to be able to draw each of its thematic, the purpose of the day was to represent the space in a way an architect would
figure it out to detect its different uses, the lived-in city and the invisible city. The goal was to highight the lines and
areas already defined in the public space (such as streets and sidewalks) by diagnosing the actual uses of these spaces.
Following the day by day collection of data, fingerprints or surveys, a collective reflection was initiated in order to think
about how to analyze and use these "data" through a specific representation.
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Figure 3, 4, 5. L’Esquisse Commune 2017. Preparation to map specific steps : an overview from the site to mapping
sensitive mapping approaches.
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The construction of an intuitive language
After the materialisation of the legend, the graphic reflection consisted in putting it on paper. That was the paramount
stage of the drawing, which took a day. Drawing consists in an approach from reading the territory in its reality, to
designing the map in order to describe the neighbourhood, its places, its people, its uses, “telling” the living space. The
students focused on designing a sensitive cartography centered on the citizens and their uses of space and territory,
through marks and traces, geolocated displacements.
The mapping produced by the students included the following elements:
•

The perception of neighbourhood (s) and micro-neighbourhood (s)

•

"in-between", limits, obstacles and circulations, etc.

•

The meeting points, the places of tension, friction, etc.

•

The work of urban acupuncture

•

The urban marker (s)

Figure 6. L’Esquisse Commune 2017, students at work. A meeting point between geodesy and art, the rules of
institutional mapping as a support to sensitive cartographies.
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Mapping induces many techniques and skills to express what needs to be said about a specific space and the issues that
intermingle, where each detail must be measured, defined and prioritized. All ever starts with a research work where
each path need to be staged as it exists in the reality.
Each plot shown on the map is considered in its drawing exactly as it is observed in the landscape, in its accurate place
within its environment. To map is to think about the construction of a visual language, structured and spontaneously
accessible, aiming to create a coherent and memorizable interpretation of the reality. The map must account for reality.
Regardless of the scale used to reproduce it, mapping is not reinventing reality but proposing modes of representation to
understand it.

Figure 7. L’Esquisse Commune 2017. The survey, the language and its visualization.
There are strict rules to carry out this long tedious work, rules that must be continually transgressed according to the
scale, to the projection used, according to the characteristics of the type of site under study... whether it is a city centre,
a mountain massif, a vast plain, a coast torn off by erosion or long beaches of fine sands : when mapping, each element
represented is thought separately, according to its specific environment in the general frame of the map and its
objectives. Cartography is "the art of probable cheating" embodying the representation of space in its reduced
representation, thought to honestly provide the user of the map —who must be informed with rigor— with an
information that remains as close as possible to reality. Cartographers never map for themselves.
Achieving the best objectives when designing maps requires cartographers to know beforehand their readers as well as
the conditions of use of the maps that have to be produced.
The users themselves and what characterizes their use of maps, determine what needs to be mapped in order to provide
them right information at appropriated scales and projection allowing the readability of data, defining which level of
details should be offered. In each specific frame of their works, cartographers then orient their research in graphic
semiology to develop the best visual expressive language according to the mode of editing of the final document they
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have to produce. Throughout the process of making a map, it is necessary to define which information should remain a
priority, which detail should be excluded, reduced or erased. The adaptation of reduced reality requires to eliminate
what is too small or illegible. Mapping from a scale to another requests to generalize each data in order to find the most
accurate ‘carto—graphic’ interpretation, the language best adapted to the subject according to the conditions of its
reading, making sense at a glance.
All about our professional cartographic production processes has been re-invented by young palestinian citizens (urbanarchitects and one civil-engineer, BLE 2007-2011) within Battir, a village in occupied Palestine, where they collected
sets of data to qualify 12 Km2 of their territory, answering the needs of their anthropologic study. Since 2012, this data
is spatialized 9 and presents, step by step, the complete process in mapping a territory at topographic scales from its
survey, in order to build its drawing through its geolocated database working in each of our geographic and cartographic
system, from GIS to art mapping.

Thinking together and teaching by action, to let the social sciences acting.
Data was collected by the students to map the uses, sensations, lights, through sounds and images, flow of movements,
linking each element to the territory based on the topography of the sites. Our institutional cartographic rules interwove
sensitive eye to carry out the nine giant series of maps in A0 boxes, telling the identity of this territory and its people,
drawing it in order to share it, to dicuss, to engage another common eye for the future of its inhabitants and its users.

Figure 8. L’Esquisse Commune 2017. The survey, the language and its visualization : nine A0 series of maps are
available to open new dialogues between the citizens and their elected representatives, a process within action in the
frame of the district contract ‘Athénée’ (2017-2020, Ixelles —Brussels, Belgium).
9

'The Cultural Topographical Mapping of Battir, a village of Palestine, a Unesco World Heritage Site since June 2014'
by J. Desclaux-Salachas, cartographer — 6th International Conference on Cartography & GIS 13-17 June 2016 (Albena, Bulgaria)
https://drive.google.com/file/d/0B0iHyURqv8Ncb3RVTFdJMHZEVDQ/edit (p. 526)

The Civic Civilian Topographic Maps of Battir, a Village of Palestine, a Unesco Word Heritage Site: its Palestinian Cultural Patrimony
(a worldwide resonance, a candidacy to the Nobel Peace Prize) by J. Desclaux-Salachas, cartographer — [HIS.4] Hyperheritage
International Seminar on Smart Heritage⎪2-5 May, 2017⎪Arab American University (Jenin, Palestine) http://europia.fr/HIS4/
https://www.facebook.com/jasmine.desclauxsalachas/media_set?set=a.878693555602136.1073741969.100003845003867&type=3
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L’Esquisse Commune 2017 was a knowledge-marathon where each of us, students as well as teachers, ran at every hour
of the day from the town to the university workshop during this week of collective involvements in order to complete
this common work. Encounters, interviews, exchanges with the people living in the place, from children to elderlies, the
passersby as well as the shopkeepers, it was a week of huge civic enrichments. The students also surveyed the site every
hour of the night, listening to its life at night, feeling the difference of the uses of the space from lights to shadows.
Through the human density, the social mix of agesages, genders, its nationalities and sounds, the noises inside and
around, the colors, perfumes, movements, barriers and flows, through the study of its different trajectories, features, the
space between constructions, from concrete to vegetal, towards the domesticity and the wild, through openings and
closures, the contrasts of the town were mapped within 4 days.

Accurate mapping representations as tools for civic expression
The wide sensitive cartographic approach, based on the topography of the sites, offers an unusual visual wealth of
evolutionary exchanges allowing to rethink together the future of inhabited space. This marathon week resulted in the
creation of the nine mapping boxes now available to enter a new step of collective construction. Through any common
reflections about the space, about one’s living territory, each one is invited to complete the boxes with his/her ideas.
These maps are a visual alphabet where everyone can add one’s words in order to enrich their vocabulary, in order to
listen as well as to be listened to.
Accurate maps can easily be a citizens‘s tool for the civic expression of concerns about our common assets, their
development and their management. The link to the institutional cartography, showing the field topography in any case,
protects the quality as well as the credibility of the sensitive cartographies that any citizen may produce. Here, the
sensitive mapping becomes a living current enlightment making the map a living tool to share ideas aiming to be
implemented in the interest of all, through collaborative interactions.
Giving the keys of cartography and its rules-of-art in order to rebuild the map together, actually helps to share the usage
of the maps with citizens. Here, the topographic map is in fact a tool for civic expression and citizenship education.
During each mapping workshop, the miracle operating simultaneously : each individual not only apprehends the space,
but in addition he/she enriches his/her own perception to share it with others. Whatever the frame or the conditions, or
the age of the participants, the map becomes a support to involve each individual in observing the surrounding
environement differently, in order to seize every detail of it, to think the space as its common concern, to figure how to
represent it in order to express a point of view with accuracy. From individual involvements in exploring to determine
challenges, the outcome of questioning always become collective.

CONCLUSION
Maps drive eyes to their topics from their drawings to their accurate meanings. The creation of those drawings meant to
share the right information as well as possible, spreading meanings to inform, most often receives the best response that
the public may give back to the tedious cartographic work, from its preparation until its editing : its acceptance to open
its mind to more knowledge. Most often, people enjoy studying a map : it drives each one of them, individually, from a
place to another through an interpretation of their surroundings realities. Country side as each thematic interacting from
scale to scale, social, political, always human challenges, maps tell the world as the cartographer draws it from accurate
sources of information. A map is not an illustration nor an image: it is a complicated set of data collected, working
together through a rigorous process which follows the rules of specific cartographic systems according the rules of
graphic semiology.
Cartography is a vector discipline, a junction between all other disciplines. Indeed, a map, through the rigor of its
conception, remains a federative tool around common concerns, giving the right distance to embody specific requests.
Through its expressive charts and accessible readability, a map also fascinates eyes and minds, catching attention,
sharing knowledge, connecting people to people, citizens to citizens. Here again, the exceptional cartographic
patrimony represented by the civilian Battiri topographic mapping, through its universal amounts of applications,
confirms it more and more day after day.
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Figure 9. L’Esquisse Commune 2017: from Travesías to URBAN MA[r]KERS, the meeting point is the cultural civilian
cartographic space patrimony of Battir, village of Palestine.
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Abstract
The recent evolution of information technologies has radically transformed various aspects of cartographic practice.
However, the peer-reviewed publication of scientific maps has changed little. Despite their scientific relevance, a wide
range of GIS-based maps are outside the scope of publishable products. Among others, interactive maps, dynamic maps
and 3D maps are excluded simply for reasons of format. In this paper, we present the main ideas behind the design and
operation of a new type of journal that supports the publication of the scientific map types referred above, as well as the
publication of geospatial data collections and online information services relevant to the geoscientific community,
which can be accessed through OGC standard. Finally, the potential of this type of journals and its relevance to
support the ongoing paradigm shift are discussed, towards the paradigm of a window of access to spatial data and
associated knowledge derived from bigdata processing algorithms.
Keywords: Web Cartography, Scientific Digital Journals, Digital Earth, OGC Web Services, Spatial Data
Infrastructures.

INTRODUCTION
It can be argued that this dazzling mockery of Borges about the usefulness of the "Geographic Disciplines" is in the
process of losing sustenance and validity. It is true that behind the ironic smile of Borges lies the inevitable tension
between the objectives of accuracy, precision, generality and pragmatic utility, inherent in every scientific model. Even
more so if the representation is analog, as cartographic paper models are, and the object of study is something as
intricate, dynamic and complex as the planet itself. However, can we consider that Borges' joke still has sustenance?
Let's see…
If we could invoke Borges body and soul and sit him in front of a computer connected to the Internet, we could sustain
this dialogue:
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Look Borges, this "window" that you see here is called "Google Earth". It's like the map of the empire that you
imagined but covers the entire planet, on many different scales.
Really? - he would say incredulously, show me then the street of Serrano 2135 in the neighborhood of Palermo
in Buenos Aires. There I lived from 1901 to 1914.
This street is no longer called Serrano. Now it's called Jorge Luis Borges. The number is the same1. On the
ground floor is this hairdresser ... "Damn frizz", look2.
Amazing! Can we see the whole planet through this device? Take me to my house at number 28 of the GrandRue, two blocks from the church of Saint-Pierre, in the center of Geneva. I never saw the facade. When we
moved there, I was already blind3 ...
So… In a couple of decades, the map jumped from paper to the memory of a computer, and then from the computer to
the network, provided with its indefinitely additive storage and processing capabilities.
To the astonishment of digital migrants, Geomatics now strives to build vastly more ambitious maps, that encompasses
not an empire but of the entire planet, and seek to register the location of things that change “little” over a “long” period
of time, like continents4, bunkers, fortresses, forests, mountains, mines, waterways, cities; and of objects that changes
its state and/or position “frequently” like apartments for rent5, ships6, airplanes7, subway cars, buses, traffic along the
roads of a city8 and… more importantly, People! Not only now, but all the time!
These cartographic products are visual representations of georeferenced objects, registered in huge databases, connected
to sensors, that updates its position and state on the fly. The ongoing technological transition give rise to the emergent
field of “Big Geospatial Data” as a specific and salient aspect of the “Internet of Things” [1]
By jumping from the paper to the computer, thanks to geographic information systems technology, the map became
numeric, and potentially multi-scalar, and multi-thematic. Rather than information on the spatial relationships of a fixed
set of objects, in a given place and time, the map became a window connected to the underlying data [2], which can be
the result of static or sequential measurements, the product of statistic calculations or spatiotemporal simulation models
. Then, by jumping from the computer to the network, thanks to the spatial interoperability standards and web mapping
technologies, measurements, calculations and models of a particular scientist, acquire the potential to join, in a
synergistic way, to those of all others, giving shape, density and substance, to this emerging digital replica of the planet,
encompassed in the concept of digital earth [3, 4]
In stark contrast to this explosive expansion of the volume, speed, and diversity of geographic information, the refereed
publication of maps occurs, in a sense, as if its main substrate continued to be on paper. In the case of printed journals,
this is well justified by the limitations of formats and costs. For electronic map journals, perhaps the bottleneck has been
the added layer of complexity and cost, required to deal with the “transcription” of the original GIS-based map to an
interactive Web based, equivalent. As a result, there is a wide range of GIS based cartographic and geospatial
information products that despite of its scientific relevance, are not publishable in peer-reviewed journals. Among
others, interactive maps that show the underlying database, with capabilities to filter objects, query its attributes and
present them at various scales; dynamic maps that synthetically exhibit the spatiotemporal variations of a process; 3D
maps that facilitate the understanding of processes where the relief plays a key role; and publicly available scientific
maps and research collected, data available through OGC services; excluded all from this type of journals, simply for
reasons of format.
In this research, we present characteristics of “Terra Digitalis”, the first online peer-reviewed journal of interactive
maps, geoscientific data collections, and geospatial web services. This article outlines the main elements of design and
implementation of this journal. First, the objectives and design principles are presented. Then the range of publishable
products is defined. As a result, we give the general outline of tools and processes to handle cartographic products
1

In Google Earth it is easy to locate any address in unaccounted cities. The house where Borges was born is here
In this place there is now (01/05/2018) a beauty parlor and a commemorative plaque
3
House where Borges lived his last years in the center of Geneva
4
Ancient earth
5
Apartments for rent today, in the city of Sofia, Bulgaria
2

6

The site Marine Traffic allows to track the location of all ships on the planet in real time. This is the traffic right now in the black sea near Varna,
Bulgaria
7
The Flight radar24 site allows you to track the location of each aircraft on the planet. This window shows the current status of airspace over
Bulgaria.
8
For instance, this is the state of the traffic right now, near my apartment, in Mexico City
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through the editorial flow. Finally, we discuss the role of such a journal in the improvement of geoscientific
communication and the issue of data validation in the field of geographical sciences.

OBJECTIVES AND DESIGN PRINCIPLES OF THE TERRA DIGITALIS JOURNAL
The editorial process is a complex dialog, that involves the management and orderly registration of the back and forth
interchange between authors, editors, reviewers and style editors, from the submission of the article up to its publication
online.
Fortunately, for a journal with limited resources like ours, the open source software Open Journal Systems (OJS) [5, 6],
allows to automate such process efficiently. OJS is optimized for the publication of scientific texts, whose content –text,
equations, graphs, images; can easily be accommodated to fit the restrictions of a printed sheet. Unfortunately, in the
case of maps, this restriction has consequences. To begin with, the representation of objects and their relationships in a
given space imposes graphic conventions very different from those required by text documents. For reasons of scale,
readability and aesthetics, the formats are usually much larger. Furthermore, the map conceived as something fixed,
printed on a sheet of paper, which in the end is nothing more than a metaphor, dismisses its connection with the
underlying data and code. In all the refereed cartographic journals we reviewed9 this issue is attended in a limited way,
by offering the possibility to download a high-resolution copy of the map.
We formulated a project of designing and implementing a refereed map journal that would extend the capabilities of
existing ones, by enabling the publication and interactive visualization of high quality digital cartographic products such
as:
•

Static maps

•

Interactive 2D maps

•

3D maps

•

Geoscientific data collections

•

Scientific/Technical descriptions of the content and implementation of operating, institutional OGC services.

Two important guidelines for the design of the journal were:
•

Base the development on free and open source tools

•

Offer free access, not only to published articles, but also, with the consent of the authors, to the underlying
data, through open geospatial interoperability standards.

METHODS
A map, as a scientific product, is not self-explained. Additional materials including text, equations and graphs are
required to argue the relevance and scientific novelty of a cartographic product. These additional contents are well
handled by OJS. Taking advantage of the possibility to add complementary galleys within the OJS interface, a first
innovation we propose is to develop specialized visualizers, external to OJS, but with their own DOI linked to the main
article. This core feature allowed us to focus on the adaptation of optimized visualizers for each of the referred
cartographic products.
Another useful consequence of the separation between the text and the map galleys is that it allowed us to divide the
editorial process into two separate but interdependent paths, which can run in parallel. The first one is managed inside
OJS, the second one is managed through an assorted mix of desktop and server-side geospatial content management
tools.
The process of peer review and edition of maps can be characterized as follows:
•

The author sends a static map (a high-resolution image or pdf file) and the corresponding article.

•

After the map is accepted (in the case of interactive 2D or 3D maps), the author must send a map package in
ArcGIS or QGIS format, containing all layers and style specifications of the map and of each layer.

9

There are several lists that could serve as good starting point to elaborate a comprehensive compilation of the characteristics of the existing
Cartography and Geographic Information Science Journals. For instance, this one: list of relevant GIS Journals; or this Journals in Cartography, GIS
and Geovisualization.
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•

Metadata are required for the map as a whole, and for the author’s created layers.

For the publication of a geoscientific data collection, the general requirements are the same with the following
specificities:
•

The focus of the article is centered in substantiating and documenting the novelty and relevance of the data
collected.

•

A support map is required to show the extension, density and distribution of the data, which can be published
as an interactive map.

•

The author accepts to publish the data through a CC-BY-NC-SA license,

•

The data can be downloaded and accessed remotely via OGC compliant client software

•

The metadata of the collected layers are required.

The requirements for the publication of institutional OGC services are the following:
•

Only stable geoscientific information services, provided by institutions, that generate an abundant and
continuous flow of data, from local or remote sensors, are considered for publication (via motu proprio or by
invitation). (for example: meteorological, seismological, and environmental contamination data services).

•

The focus of the article lies on the relevance and structure of the web services provided, explaining the nature
of the sensors, the access policies and the means of accessing the data.

•

A set of support maps is required.

•

Web links to the institutional web page of the service are required.

•

OGC links to the data and maps are required

•

The data should be publicly available without cost.

RESULTS
To efficiently implement the process of editing interactive maps, we set out to automate it as much as possible using
existing software tools, preferably open source, and if necessary fill in the gaps with our own code.
The software tools to be used depend both on the initial data and on the final cartographic product that is to be
implemented (figure 2). In the field of geosciences, the two most commonly used desktop GIS are QGIS, (free and
opensource), and ArcGIS (commercial software).
In case the map is based on ArcGIS:
1.

The starting point is a map package (in mpk format) sent by the author.

2.

From this file the map document is reconstructed.

3.

Through the "Bridge" plugin, each of the layers that make up the map is exported to Geoserver, generating its
style specification (in sld format) and the corresponding metadata

4.

These layers are published as OGC services.

5.

We write the code in php and/or java script, that uses OpenLayers or Leaflet libraries, to generate interactive
maps.

6.

This code consumes data through OGC connections

In case the map is based on QGIS:
1.

The starting point is a map package (in geopak format) sent by the author.

2.

From this file the map document is reconstructed (qgs).

3.

If the map to be generated is:
a.

An interactive 2D map that will consume gojson data: We use the qgis2web qgis plugin to generate i)
the json data for each layer, ii) the style specification, and iii) the js code of the interactive map that
consumes this code,
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b.

An interactive 3D map that will consume gojson data: We use the qgis2three qgis plugin to generate
the same 3 components referred to above

c.

A dynamic map that will consume data through OGC services: for each layer i) We generate the SLD
specification, ii) we export it to geoserver, iii) we publish the data as OGC service, and iv) we write
the php/js code that consumes the data

In any case, we have the option to adjust, extend or replace the code of the data or the map to fine-tune the style of the
layers, add multimedia contents, and modify, extend or redesign the functionality of the interactive map. These
interactive objects can be linked to the main article as additional galleys, simply by providing its URL, which can reside
anywhere in the worldwide web.
The same scheme, with some adjustments, can be used for the collections of geo-scientific data and the institutional
geospatial data services.

Figure 1. Outline of the tools and process to generate the different types of interactive maps used in the article galleys

DISCUSSION AND CONCLUSION
An innovative platform for the online publication of multiple cartographic types is presented in this research. Webbased interactive maps are a (at least 15 years old) mature technology. Likewise, the software for the editorial process
of peer-reviewed journals has been available for about 15 years. In the meantime, the Spatial Data Infrastructures (SDI)
have evolved into robust geospatial interoperability standards. The core innovation of this research consisted in the mix
of software tools from these three domains to make available, for the first time, a peer-reviewed journal of interactive
maps.
In current Geographic Information Science (GIS) journals, the editorial focus lies on the one hand on the novelty and
robustness of the mathematical algorithms which underlie the generated map, and on the other hand, on the quality of
the cartographic design as a scientific communication tool.
In the case of the present research, an additional focus is the relevance of the access to the underlying data. As a
consequence, the cartographic enhanced (in 3D and time) content may offer a richer appreciation of the depicted
processes or phenomena. Additionally, the opportunity for the geoscientific community to hook on the SDI of the
journal from any OGC compliant desktop GIS means that the data is available for users and purposes other than those
they were created for. A contribution of this type of journal could be an incentive towards a culture of replication,
validation and reuse of data and codes in geosciences.
The added complexity corresponding to the additional layer within the editorial process, however, has implications such
as the inclusion, within the permanent editorial team, of geo-informatic qualified staff. Furthermore, the emergence of
such type journals may not be a sufficient incentive to leverage the natural resistance of individual researchers to share
their datasets.
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We are currently working on improving the integration between our system and GeoNode, -a collaborative tool for the
management of spatial data contents, in order to facilitate the authors to participate directly in the editing of their layer
metadata. Also, to allow subscribers to explore and connect to the spatial resources of our magazine.
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BEHRMANN PROJECTION
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Abstract
About 100 years ago, Walter Behrmann published an article about the "best" equal-area projection of the entire Earth.
It is known today as the Behrmann Projection. In the article, Behrmann spoke of a projection on a cylinder that cut the
Earth's sphere along the parallels of 30º northern and southern latitude, and identified these parallels with standard
parallels. In this paper, it is proved that the standard parallels in the Behrmann Projection are not those in which the
map made in the Behrmann Projection and rolled onto the cylinder surface cuts the sphere. Thus, the widely accepted
view that the standard parallels of cylindrical projections are simultaneously secant parallels is generally not true.
Keywords: Berhmann Projection, standard parallel, secant parallel

1. INTRODUCTION
Authors who enjoy interpreting map projections as mappings by using auxiliary developable surfaces often differentiate
between touching and cutting. So, the curve of a cross section is also a curve without distortion. This fact is usually
taken for granted without evidence (Figure 1). In this paper, I will show that the standard parallel and secant parallel are
two different concepts and that those in cylindrical projections generally do not coincide. Similarly, it was proved that
the standard parallel and secant parallel do not coincide in conical projections (Lapaine 2017).

Figure 1. The usual erroneous illustration that the standard parallel is at the same time the secant parallel in normal
aspect cylindrical projection. Source: Wikimedia commons (2016)
Developing an auxiliary surface such as a cylinder in the plane maintains distance. This would mean that the two
selected parallels as standard parallels in all normal aspect cylindrical projections were mapped into two parallel
straight-lines at the same distance. Is this possible? It seems impossible to me, so in this paper I will investigate the
Behrmann Projection, which the author himself claimed was a projection on a cylinder that cuts the sphere at the
parallels of 30º north and south latitude, which are both standard parallels.
Explaining the mapping of a sphere onto the surface of a cylinder or a cone, while avoiding any mention of the
mathematical background to this process, has led to false claims of which many authors are probably unaware. Instead
of a conceptual approach that may be somewhat misleading, we should go back to reality and not run away from
mathematics. Remember that the study of map projections has not long been known as mathematical cartography.
It is possible to understand each other perfectly without introducing auxiliary surfaces and their touches or cuttings with
the sphere, and to speak about projections that are without distortion, or where the distortion is zero at one point or
along a curve (e.g. parallel), or multiple curves (e.g. parallels).
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2. A SPHERE
The geographic parameterization of a sphere with a radius R>0, and the centre located in the origin of the coordinate
system is a mapping defined by the following formulae

, z R sin ϕ (1)
x= R cos ϕ cos λ , y= R cos ϕ sin λ=
 π π
ϕ ∈  − ,  , λ ∈ [ −π, π] . In this case, ϕ is latitude, and λ is longitude. It is not difficult to derive that the first
 2 2
differential form of this mapping reads
2
ds=
R 2 d ϕ2 + R 2 cos 2 ϕd λ 2 . (2)

3. MAP PROJECTIONS
In this paper, we will limit ourselves to the sphere as an area of definition of map projection, and we define map
projection as mapping in a plane

x= x(ϕ, λ ) , y= y (ϕ, λ ) , (3)
 π π
where usually ϕ ∈  − ,  , λ ∈ [ −π, π] , and x and y are coordinates of a point in a rectangular (mathematical, right
 2 2
oriented) coordinate system in the plane. The first differential form of such a mapping is

ds '2= Ed ϕ2 + 2 Fd ϕd λ + Gd λ 2 , (4)
with coefficients
2

2

2

2

 ∂x   ∂y 
∂x ∂x ∂y ∂y
 ∂x   ∂y 
, F
, G   +   . (5)
=
+
E   +  =
=
∂ϕ ∂λ ∂ϕ ∂λ
 ∂λ   ∂λ 
 ∂ϕ   ∂ϕ 

4. LOCAL LINEAR SCALE FACTOR
The local linear scale factor c for mapping a sphere into a plane is usually defined by using the following relation

=
c2

ds '2 Ed ϕ2 + 2 Fd ϕd λ + Gd λ 2
, (6)
=
ds 2
R 2 d ϕ2 + R 2 cos 2 ϕd λ 2

which can also be written as

=
c 2 (α )

E
R

2

cos 2 α +

F
R cos ϕ
2

sin 2α +

G
R cos ϕ
2

2

sin 2 α (7)

where

tan a =

cos ϕd λ
. (8)
dϕ

The poles are singular points of geographic parameterization (1) and therefore expressions (6), (7) and all subsequent
π
π
ones should be interpreted in the poles as limiting cases when ϕ → or ϕ → − .
2
2
If α =0 or, more generally, α = z π, z ∈ Z , where Z denotes the set of all integers, then the local linear scale factor c
along a meridian is
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E
, (9)
R

h = h(ϕ) =
and if α =

π
π
or, more generally, α=
+ z π, z ∈ Z , then the local linear scale factor c along a parallel is given by
2
2

k = k (ϕ) =

G
. (10)
R cos ϕ

If we denote

F
(11)
EG

cos β =
the expression (7) can be transformed into

2
c=
(α) h 2 cos 2 α + hk cos β sin 2α + k 2 sin 2 α . (12)

Next, we will find the extremes of the local linear scale factor. Let us suppose that

F ≠ 0 (13)
which is equivalent with

cos β ≠ 0 (14).
By using substitutions

l = l (ϕ) =

=
sin 2ϑ

(h

2

− k2

)

2

+ 4h 2 k 2 cos 2 β , (15)

2
1 2
hk cos β , cos=
2ϑ
(h − k 2 ) (16)
l
l

and

t = α − ϑ (17)

we get

l(t=
) c 2 (t=
)

1 2
(h + k 2 + l cos 2t ) (18)
2

from which the extremes can be read:

l max=

1 2
(h + k 2 + l ) (19)
2

l min=

1 2
(h + k 2 − l ) (20)
2

for t =z π, z ∈ Z , and

π
+ z π, z ∈ Z .
2
In the previous formulae, the function λ = λ(α) does not refer to longitude, which is also indicated by the Greek letter
λ, since from the context we can see clearly what it means. These features of the extreme values of the function
λ = λ(α) are interesting:
for t =
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λ min + λ max= h 2 + k 2 (21)

ll
=
min max

1 2
(h + k 2 ) 2 − l 2  (22)

4

which means that λ min and λ max are the solutions of the quadratic equation

l 2 − ( h 2 + k 2 )l +

1 2
(h + k 2 ) 2 − l 2  =0 . (23)

4

This quadratic equation can be written as

h2 − λ

hk cos β

hk cos β

k2 − λ

= 0 (24)

and interpreted as searching the eigenvalues of the quadratic form (12). Formula (16) can be transformed into

λ(a) = λ max cos 2 t + λ min sin 2 t . (25)
It is not difficult to see that cmax =

λ max and cmin =

λ min are the semi-axes of Tissot's indicatrix, or the ellipse of

distortion of the map projection.
In a special case, when

F = 0 (26)
i.e. when the images of meridians and parallels intersect at right angles in the plan of projection, we get

c 2 (α) =λ (α) =h 2 cos 2 α + k 2 sin 2 α . (27)
In this case, if h = k then λ= h 2= k 2 does not depend on angle α .
If h > k then λ max =
h 2 for α = z π, z ∈ Z and λ min =
k 2 for α=
If h < k then λ min =
h 2 for α=

π
+ z π, z ∈ Z .
2

π
+ z π, z ∈ Z and λ max =
k 2 for α = z π, z ∈ Z .
2

5. POINTS AND LINES WITH ZERO DISTORTIONS
We will say that at some point there is no distortion due to map projection, i.e. that the distortion is equal to 0 if the
local linear scale factor is equal to 1, i.e. if it is

c(α) =1 , for each α ∈ [ 0, 2π] , (28)
where c(α) is defined in (7). This requirement is obviously equivalent to the condition

λ (α) =1 , for each α ∈ [ 0, 2π] , (29)
or conditions

λ min =
λ max =
1 (30)
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that tell us it is a Tissot indicatrix that transformed into the unit circle. Let us emphasize that in (28) and (29) there is an
important term, "for each α ∈ [ 0, 2π] " and that it is not enough that the written property is valid for only one α . In
other words, in order for an ellipse to be a circle, it is necessary that all radiuses are mutually equal, or that the semiaxes are of the same length. It is not enough that one semi-axis of the ellipse is equal to 1 so that the ellipse is the unit
circle. This should be self-evident, although it can be inferred from the introductory section that it is not.
In a special case, when (26) holds, i.e. when F = 0 , the expressions (30) can be written like this

h= k= 1 . (31)
We are going to say that a line in the plane of projection is without distortion if each of its points is without distortion.
Another name for the line without distortion is the standard line. If the parallel of latitude is not distorted then we say
that it is a standard parallel.

6. STANDARD PARALLELS IN NORMAL ASPECT CYLINDRICAL PROJECTIONS
Normal aspect cylindrical projections of a sphere are mappings defined by the formulae

y Rf (ϕ) , (32)
=
x Rn(λ − λ 0 ) , =
where

 π π
ϕ ∈  − ,  , λ ∈ [ −π, π] , constants are n > 0 , R > 0 and λ 0 ∈ [ −π, π] , function =
y Rf (ϕ) is continuous,
 2 2
differentiable, monotone increasing and odd. As in any map projection, x and y are coordinates of a point in a
rectangular (mathematical, right oriented) plane coordinate system. As anyone can see, it is about mapping into the
plane, not onto the surface of a cylinder. For such mapping it is
2

 df 
2 2
E =R
 , F = 0 , G = R n , (33)
d
ϕ


the first differential form
2

 df 
2
2 2
2
=
ds '2  R
 d ϕ + R n d λ . (34)
d
ϕ


The local linear scale factor squared (6) for mapping a sphere by using normal aspect cylindrical projection (32) is
2

 df 
2
2
2

 dϕ + n dλ
dϕ 
. (35)
c2 = 
d ϕ2 + cos 2 ϕd λ 2
Local linear scale factors along a meridian ( dλ =0 ) and a parallel ( dϕ =0 ), respectively, are

h = h(ϕ) =

n
df
, k = k (ϕ) =
. (36)
cos ϕ
dϕ

For normal aspect cylindrical projections, along standard parallels (31) with latitudes ϕ = ±ϕ1 it should be

h(ϕ1 ) = k (ϕ1 ) = 1 , (37)
or taking into account (36)
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df
(ϕ1 ) =
1 (38)
dϕ
and

n
n cos ϕ1 . (39)
= 1 , i.e. =
cos ϕ1
From the formula (39) and properties of the cosine trigonometric function we can conclude that if the latitude of the
standard parallel is ϕ1 , then it should be −ϕ1 , too. We can conclude the number of standard parallels in normal aspect
cylindrical projections on the basis of the relations (38) and (39).
If 0 < n < 1 then two standard parallels exist ( ϕ1 and −ϕ1 ), if it is also

df
(ϕ1 ) =
1.
dϕ

If n = 1 then only one standard parallel ( ϕ1 =0 ) can exist, the equator, providing that it is

df
(0) = 1 .
dϕ

If n > 1 then there is no ϕ1 for which (40) holds, i.e. there is no standard parallel at all.

7. SECANT PARALLELS IN NORMAL ASPECT CYLINDRICAL PROJECTIONS
Let us suppose that a map is produced in normal aspect cylindrical projection defined by the equations (33). The length
of the equator and all parallels in the projection plane is 2πRn . If we fold the map in a cylindrical surface, with images
of meridians as generatrix lines, the radius of the cylinder base will be r = Rn , as a consequence of 2r π = 2πRn .
Let us place this cylinder so that its axis coincides with the axis passing through the geographic poles. The cylindrical
surface will cut the sphere if r ≤ R , i.e. if 0 < n ≤ 1 . The intersection will consist of two circles, i.e. parallels located at
altitude v =
± R2 − r 2 =
± R 1 − n 2 above or below the equatorial plane.
By folding the map as described, y will not change. Hence, from the equality y = v it follows

f (ϕ) =± 1 − n 2 . (40)
This is a prerequisite for determining the latitude of the secant parallel in normal aspect cylindrical projections.
Condition (40) is different from conditions (38) and (39), which define standard parallels. Thus, the standard parallel
and secant parallel are generally two distinct concepts.

8. BEHRMANN PROJECTION
About 100 years ago, Walter Behrmann published an article about the "best" equal-area projection of the entire Earth. It
was called the Behrmann Projection after him (Figure 2).
In this section, we will show that the parallels, as the intersection of the cylindrical surface formed by the bending of the
map made in the Behrmann Projection with the sphere, are not standard parallels. This is contrary to the assertion that
Behrmann took without evidence to be true, and which was later accepted uncritically in the literature.
Behrmann first published a fairly extensive paper in which he considered different equal-area maps of the world
(Behrmann 1909), and then based on this research, proposed the "best" cylindrical projection for the map of the world
(Behrmann 1910). In his 1910 article Die beste bekannte flächentreue Projection of the Ganzen Erde, Behrmann writes
about a projection on the cylinder secant along the 30th parallel (die flächentreue Projektion auf den DurchschnittsZylinder in 30. Parallelkreis) and as a cylindrical projection with an equidistant 30th parallel (der Zylinderprojektion
mit langentreuem 30. Parallelkries), i.e. a cylindrical projection in which both parallels correspond to 30º north and
south latitude without distortion (Bei der Zylinderprojektion dagegen erscheinen beide Parallelkreise 30º without
Verzerrungen).
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The question arises as to why Behrmann repeatedly claimed that it was a projection on the cylinder secant along the
30th parallel (this claim was in the title of his map published as Tafel 27 in Petermans geographische Mitteilungen in
1910, Flächentreue Projection in the Durchschnitts-Zylinder in the 30th Degrees) when his map cannot be bent into a
cylinder with common parallels with a sphere corresponding to 30º north and south latitudes .

Figure 2. Map of the world in the Behrmann Projection. From Petermanns geographische Mitteilungen, 1910, v. 56/2,
no. 3, Tafel 27, with permission of the Forschungsbibliothek Gotha der Universität Erfurt, SPA 4° 000100 (056, 02)
Here is a simple proof of the impossibility of Behrmann’s claims. From his 1910 article, it is clear that this is an equalπ
area cylindrical projection with standard parallels ϕ1 =±300 =± . The equations of this projection read
6

, y
=
x Rn(λ − λ 0 )=

R
sin ϕ , (41)
n

π
3
 π π
, λ 0 ∈ [ −π, π] and R>0 is the radius of the sphere. Hence,
ϕ ∈  − ,  , λ ∈ [ −π, π] , the constants are
=
n cos
=
2
2
6
2


the equations of the Behrmann Projection can be written thus

=
x R cos30°(λ=
− λ0 ) , y

R
sin ϕ (42)
cos30°

or

=
x R

2
3
sin ϕ . (43)
(λ − =
λ0 ) , y R
2
3

For this projection,

f=
(ϕ)

2
3

sin ϕ , (44)

so we have
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h = h(ϕ) =

df
=
dϕ

3
2
. (45)
cos ϕ , k = k (ϕ) =
2cos ϕ
3

It is immediately apparent that this is an equal-area projection, because hk = 1 for any ϕ . Furthermore,

h= k= 1 (46)
if

ϕ = ±30° = ±

π
(47)
6

π
and thus the latitudes of the standard parallels are defined in this projection. Since
=
n cos
=
6
f= f (ϕ) is defined by (44), the equation of secant parallel latitudes (40) reads

3
, and the function
2

2
3
1
sin ϕ = ± 1 − = ± (48)
4
2
3
from which

sin ϕ = ±
and

3
(49)
4

ϕ = ±25°,6589 . (50)

Thus, the secant parallels and standard parallels differ in the Behrmann Projection.
It is not clear why Behrmann called this a projection on the secant cylinder along the parallel of 30° latitude, and why it
was then repeated in the literature without critical consideration. Thus, for example, Snyder and Voxland (1989) write
that the Behrmann Projection is "True along latitudes ±30° , projection onto a cylinder secant at ±30° ".

9. REMARKS
(1) The Behrmann Projection could be explained, for example, as a double projection: first, the sphere is mapped
orthographically on the cylindrical surface

, y R sin ϕ , (51)
=
x R cos30°(λ − λ 0 )=
then we stretch it in the direction of axis y to get an equal-area projection

=
x R cos30°(λ=
− λ0 ) , y

R
sin ϕ . (52)
cos30°

This is not Behrmann's approach. However, such an approach would be correct but would not contribute to the
simplicity of interpretation. It may be used as another proof of the need to distinguish between standard and secant
parallels.
(2) Frischauf (1919) first quoted, "In der Abhandlung Zur Kritik der flachentreuen Projektionen der ganzen Erde und
einer Halbkugel, der Resultaten auch in Dr. A. Petermanns geographischen Mitteilugen 1910 mitgeteilt werden, erklärt
Dr. Walter Behrmann: Zur Abwertung der Güte der flächentreuen Projektionen kann einzig und allein der Wert der
durchschnittlichen Maximalwinkelverzerrung (2ω) maßgeben sein", and then commented, “In solcher Schärfe wird
dieses Prinzip kaum auf Anerkennung rechnen dürfen. Der mittelwert einer Größe gestattet extreme Werte im Verlaufe
der Größe. Z. B. für die Beuerteilung der Annehmlichkeit des Klimas eines Gebites, die haupsächlich durch die
Temperatur bestimt ist, ist deren Jahresmittel wertlos. Aber immerhin kann das Behrmannsche Güteprinzip des
flächentreuen Abbildungen mit den anderen Eigenschaften Berücksichtigung finden."
(3) Let us add this paragraph from Snyder’s well-known manual (Map Projections – A Working Manual, 1987, pp. 76–
77), "... Several modifications of the normal aspect have been published. These modifications consist of compressing
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the projection from east to west and expanding it in the same ratio from north to south, thereby moving the parallel of
no distortion from the Equator to other latitudes. The earliest such modification is from Scotland: James Gall's
Orthographic Cylindrical, not the same as his preferred Stereographic Cylindrical, both of which were originated in
1855, has standard parallels of 45° N. and S. (Gall, 1885). Walther Behrmann (1910) of Germany chose 30°, based on
certain overall distortion criteria ... Modifications such as Behrmann's, described above, are perspective projections onto
a secant cylinder." It can be seen that Snyder did not understand the Behrmann Projection, because the perspective
projection cannot be equal-area, regardless of whether the cylinder is touched or secant, apart from the special case of
the Lambert equal-area cylindrical projection.

10. CONCLUSIONS
Based on the above, we can conclude:

•
•
•
•
•

Cylindrical projections are not generally projections on the cylinder surface but are mappings into the plane
The Behrmann Projection is an equal-area cylindrical projection with standard parallels at latitudes ±30°
The Behrmann Projection is not a projection onto a cylinder secant at latitudes ±30°
Standard parallels and secant parallels are generally not identical parallels (Figure 3)
The interpretation of cylindrical projection as mapping on a cylindrical surface is not recommended, because this is
not usually the case, and leads in general to the false conclusion that the secant parallel is also the standard parallel

Figure 3. The usual erroneous illustration that the standard parallel is at the same time a secant parallel in the normal
aspect cylindrical projection. Source: Wikimedia Commons (2016), and modified by the author based on the research
in this paper. Compare with Figure 1.
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Abstract
User-studies in cartography are becoming popular research topics recently. However, only a small number of studies
measure the effect of distortions caused by map projections. Via an online questionnaire (247 participants), this
research investigates how the different kinds of distortions influence the understanding of the map. Furthermore, we
explored map usage patterns of different demographic groups. With this information, projections may be classified as
appropriate or not favourable regarding a specific group. The results show strong preconceptions among older (30+)
map users, especially among those who studied geography. Younger participants, however, could benefit from lowdistortion maps. We also showed that pole-lines are misinterpreted in all groups. Many of our participants even
believed that the northern and southern pole-lines are connected like the eastern and the western edges of the map. Our
results can help cartographers to choose the proper projection for their audience.

INTRODUCTION
The cognitive map of our local area in our mind is formed by first-hand experiences. In the case of larger areas where
direct cognition is not an option, people can only expand their knowledge by reading small-scale maps. A problem with
small-scale maps lies within the difficulty of verifying their content with direct experiences. Thus, what map readers see
on a map will be accepted as truth. In addition, visual stimuli, graphic designs, and maps tend to have a substantial
impact on people’s view of the world. This was often used by political propaganda, even in cartography (Jeney, 2015).
An important aspect of maps is that they are only a model of the “geographic reality”. For instance, it is impossible to
represent the curved surface of the Earth on a flat paper without distortions. On small-scale maps, these distortions
cause visible differences between the map and the globe. Also, the distortions may cause false impressions of the
geographic relations to the map readers (Battersby & Montello, 2009).
One of the reasons for the diversity of existing projections is that each shows different properties of spherical objects
less distorted and distorts others more. After the rise of digital cartography and GIS, maps could be reprojected with
only a few clicks using the proper software. Thus, creating user-friendly and effective projections is a great possibility
for cartographers, which we wish to promote with this paper.
Numerous studies examined the map reading skills of map users, and factors that affect these skills (e.g. Gilhooly et al.
1988; Guzmán et al. 2008; Ito & Sano 2011; Ooms et al. 2012; Albert et al. 2016), although they only tested large-scale
maps. Wakabayashi (2013) showed that reading small and large-scale maps require different competencies. While the
latter one needs spatial-cognitive skills of orientation and map reading, the prior one mainly requires geographic
knowledge.
Nevertheless, there are a few studies that aim to find the connection between map users and map projections. The
motivation for this study came from Šavrič et al. (2015), who wanted to choose the projection of a world map based on
the opinions of map readers. Their user study did not include any map reading tasks, so their study was based more on
aesthetic opinions. It is also important to add that most of their test subjects were from the USA and India. We imply
that this was a reason why the Robinson projection, which often appears in American cartography, reached a higher
score than the Winkel III, which is mainly used in Europe. This assumption is based on a study of the Research Group
on Experimental Cartography at Eötvös Loránd University, Hungary, which found that cultural background can affect
map reading (Albert et al. 2016). The study of Šavrič et al. does not mention that if a projection is popular among the
map readers, will it also help map reading? This means finding which distortion parameters have the most effect on map
reading is still an open question. Of course, there are studies that examine the effects of certain distortions (e.g.
Anderson & Leinhardt, 2002; Battersby & Montello, 2009; Hruby et al. 2016), but these usually work with a small
number of test subjects, who are mainly geography students at universities.
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The goal of the present study was to test the effects of different distortions on map reading with a large number of test
subjects. We wanted to distinguish which demographic variables (age, qualification, and map usage frequency)
influence the correct interpretation of distortions in map projections to define which distortion parameters are the best
choices for different users. To do so, we conducted a user study with an online test that included seven questions on
various map reading tasks. Each question had 6 answers and an “I don’t know” option. During these tasks, the
participants had to face various types of map distortions: areal distortion, meridian convergence, antimeridian cuts,
discontinuities, curved graticule lines, pole-lines and the curvature of mapped geodesics. We created 2 maps for each
question: one with an unfavourable projection for a test group, and another with an optimal projection for a control
group. The questions and the answers were the same for both groups, only the maps were different. Each question had
its own projection-pairs that were chosen for the certain task. In this way, we could look for distortions that had
significant differences between the control and the test group. This would prove to us that an inappropriate projection
can cause false implications during map reading.

THE USER-STUDY
Data collection
We created an online questionnaire to test the effects of various projections on map reading. The website was available
in Hungarian and English, but due to the low number of English participants, we only evaluated the Hungarian data.
The first few questions collected the demographic statistics of participants, such as gender, age, the field of
study/qualification, map reading habits. We asked them about the type of maps they use most often (world atlases,
globes, thematic atlases, digital globes, online map services) and the frequency of map use (every few days, once a
week, once a month, every few months, less than every few months). The participants were then separated into two
groups: a test group and a control group. The grouping of the test subjects was supervised with an algorithm so that the
ratio of different demographics would be near the same in the two groups. The participants were also asked in advance
to use only the maps displayed on the screen.
The test was online from 23 January 2017 to 13 April 2017. During this time, the test had 322 participants in total. After
filtering data, there were 247 completed tests sufficient for evaluation. The average fill time of the test was five and a
half minutes. Along with the unfinished tests, we also filtered the ones with fill time below 2 minutes 21 seconds, and
above 14 minutes 29 seconds. These limits were defined by the natural breaks found in the dataset.

The Participants
The participants can be classified by various demographic statistics (Figure 1). These were: gender (male, female), age
(below 20 years, 21–25 years, 26–30 years, above 30 years), education (primary, secondary, and higher), qualification
in the fields of geography or earth sciences, and map usage habits.

Figure 1. The demographic characteristics of the participants.
The distribution of genders was roughly equal: 128 male and 119 female participants. A total of 111 test subjects had
qualifications of higher education, 116 had secondary education, but only 17 participants had primary education
(recruiting test subjects with primary education is a recurring problem). There were 116 participants who were qualified
in the fields of geography or earth sciences, and 131 who were qualified in other fields. These data were required to
know how the different kinds of distortion affected the professionals. Finally, the results showed that 79 participants
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often use maps, 89 test subjects sometimes use maps and 79 participants rarely use maps. The distribution of
participants between the test group and control group was almost equal: 136 participants were assigned for the test
group, and 111 for the control group.

Statistical Processing
The results were analysed using two methods. First, the proportion of correct responses was compared for different
groups. It had to be found out how much the variation was due to the uncertainty of sampling and how much was due to
the choice of projection. Since the answer was either correct or incorrect, this shows a discrete distribution; but due to
the large number of samples and the central limit theorem, the distribution of correct answers can be considered normal
with a good approximation. In this case, the two-tailed t-test is applicable, which gives an estimate of the likelihood that
the uncertainty of sampling resulted in the different rates of correct answers. If this probability was lower than 5%, the
results are highlighted (Table 1) and are referred to as significant according to the t-test.
Results may be refined further by saying that incorrect answers are not equally bad. This was accomplished by ranking
all possibilities of answers between 1 (worst) and 6 (best). (See figure captions.) Then, the two-tailed Mann–Whitney
test – hereafter U-test –, which is appropriate for ordinal scales, was used to estimate the probability of a better answer
from the control group while selecting one random subject from the test and one from the control group, i.e. the better
map resulted in better response. During processing, the correction of tied ranks – i.e. identical given answers – and the
continuity correction were taken into account (Bergmann, Ludbrook & Spooren, 2000). On this basis, if the probability
that the choice of projection did not affect the response was below 5%, the results were identified as significant
according to the U-test. (Table 2)
Table 1. The proportion of correct answers per demographic groups. Highlighted results are significantly
better according to the t-test at significance level 95% (Szigeti & Kerkovits, 2018).
Gender
Men
Women
Test
Contr. Test
Contr.
Areal distortion 30.6% 32.1% 26.6% 30.9%
Meridian conv. 83.3% 67.9% 82.8% 72.7%
Antimeridian
56.9% 66.1% 50.0% 56.4%
Discontinuities 34.7% 51.8% 43.8% 52.7%
Graticule
95.8% 91.1% 95.3% 94.5%
Pole-lines
43.1% 76.8% 20.3% 76.4%
2nd term of corr. 47.2% 37.5% 37.5% 41.8%
Under 20
Test
Contr.
Areal distortion 22.5% 30.0%
Meridian conv. 81.7% 66.7%
Antimeridian
53.5% 63.3%
Discontinuities 40.8% 53.3%
Graticule
94.4% 91.7%
Pole-lines
28.2% 80.0%
2nd term of corr. 35.2% 40.0%

Primary
Test
Contr.
10.0% 28.6%
70.0% 71.4%
50.0% 57.1%
50.0% 57.1%
80.0% 100%
10.0% 100%
10.0% 42.8%

Education
Secondary
Test
Contr.
25.8% 24.1%
79.0% 68.5%
56.5% 59.3%
38.7% 57.4%
95.2% 92.6%
29.0% 74.1%
38.7% 37.0%

Higher
Test
Contr.
34.4% 40.0%
89.1% 72.0%
51.6% 64.0%
37.5% 46.0%
98.4% 92.0%
39.1% 76.0%
51.6% 42.0%

In geosciences
Not qualified
Qualified
Test
Contr. Test
Contr.
22.5% 30.0% 35.4% 33.3%
81.7% 66.7% 84.6% 74.5%
53.5% 63.3% 53.3% 58.5%
40.8% 53.3% 36.9% 51.0%
94.4% 91.7% 96.9% 94.1%
28.2% 80.0% 36.9% 72.5%
35.2% 40.0% 50.7% 39.2%

Age
21–25
26–30
Test
Contr. Test
Contr.
35.4% 33.3% 11.9% 27.0%
84.6% 74.5% 83.3% 73.0%
53.3% 58.5% 52.4% 59.5%
36.9% 51.0% 31.0% 51.4%
96.9% 94.1% 95.2% 89.2%
36.9% 72.5% 31.0% 86.5%
50.7% 39.2% 33.3% 37.8%

Above 30
Test
Contr.
38.0% 28.2%
80.0% 66.7%
52.0% 64.1%
44.0% 48.7%
96.0% 92.3%
38.0% 66.7%
52.0% 43.6%

Rarely
Test
Contr.
11.9% 27.0%
83.3% 73.0%
52.4% 59.5%
31.0% 51.4%
95.2% 89.2%
31.0% 86.5%
33.3% 37.8%

Map reading
Sometimes
Test
Contr.
38.0% 28.2%
80.0% 66.7%
52.0% 64.1%
44.0% 48.7%
96.0% 92.3%
38.0% 66.7%
52.0% 43.6%

Often
Test
Contr.
34.1% 40.0%
86.4% 71.4%
56.8% 60.0%
40.9% 57.1%
95.5% 97.1%
27.3% 77.1%
40.9% 37.4%

Table 2. The results of the U-test. Sign + marks that a projection with more favourable distortion helped, sign –
indicates that it resulted in worse answers at significance level 95%.
Gender
Education
In geosciences
Age
Map reading
Men Women Primary Secondary Higher Not qualified Qualified Under 20 21–25 26–30 Above 30 Rarely Sometimes Often
Areal distortion
+
+
+
Meridian conv.
–
–
Antimeridian
Discontinuities +
Graticule
Pole-lines
+
+
+
+
+
+
+
+
+
+
+
+
+
+
2nd term of corr. –
+
–
+

RESULTS FOR EACH TASK
Areal Distortion
Research by Battersby and Montello (2009) has shown that map readers are aware of areal distortions on the map, and
in their survey, test subjects even overcompensated the distortion. Since only students of geography participated in this
study, we considered checking results for a wider audience. As in the aforementioned research, we did not ask the
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participants to read the area in square kilometres, but to compare it to a reference area (Greenland) as a unit. They had
to answer how many times the area of Africa is bigger than Greenland. The two areas are located at different latitudes,
so the projections may show significant differences in their size.
For the test group, Battersby chose the Mercator projection, because it is very popular in American cartographic
practice. As Hungarian cartographers do not use this projection for world maps at all, we used the similarly
unfavourable Van der Grinten I projection, which is more common in Hungarian world atlases The task of the control
group was carried out on an equal-area map. We did not want the excessive angular distortions of the projection to
confuse the readers, so they worked on a Wagner-transformed Hammer map, a more favourable basis for world maps
(Figure 2).
28.7% of respondents answered correctly that Africa is fifteen times larger than Greenland. The most common incorrect
answer was “five times larger” with 26.5%. In contrast, 31.5% of the control group indicated the correct response, but
33.3% indicated the incorrect five times bigger size.
Therefore, many of the participants underestimated the area of Africa, even in the equal-area projection; they assumed
the difference between the two areas to be smaller. Significant differences were only found using the U-test among
subjects with primary education, rare map users, and participants without qualification in earth sciences. These groups
were likely to take the distortion of the projection less into consideration, with the vast majority of respondents
choosing the “one-and-a-half times bigger”, which the test map directly suggests, or the slightly compensated “three
times larger” answers.

In reality, how many times is the area of Africa larger than the area of Greenland?
A) Both have the same size (1) B) 1.5 times larger (2)
C) 3 times larger (3)
D) 5 times larger (4)
E) 15 times larger (6) F) 25 times larger (5)

Figure 2. Test question of the areal distortion. The correct answer is shown in bold, 1 is the worst, 6 is the best answer.

Meridian Convergence
On the map, the directions can theoretically be read off in the following way: the top of the map is conventionally
facing north, and the map user can estimate the azimuth of any line based on the angle enclosed by the vertical axis of
the map. In practice, three properties of the projection affect this: the meridian convergence – north is not exactly
upwards at certain points of the map; the first term of correction – the mapped angles generally do not correspond to
their terrestrial counterpart; and the second term of correction – geodesics usually appear as curved lines on the map.
The correct reading of the directions was examined separately for short and large distances, the latter being explained in
the last question. In this task, ignoring meridian convergence will cause a 60° error, which is significant when reading
small-scale maps.
Russia, which lies along a parallel, is usually mapped in a conic projection, the distortions of which can be said to be
favourable. However, due to the high latitudes and the large differences in longitude, the images of the meridians
heavily converge, and the Chukchi Peninsula bends up at the edge of the map. In such projections, the arrow pointing
up in Chukotka is no longer pointing to north but rather to east-northeast. Thence, our test participants worked on a De
l'Isle conic projection, and the first term of correction (3°) was neglected (Figure 3).
In the normal aspect of cylindrical projections, there is no meridian convergence. Forcing the additional constraint of
conformity results in the Mercator projection. This projection is not applicable for such high latitudes. Thus, the
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cylindrical stereographic projection of Gall was chosen for the control group. Its distortions are less disturbing and the
first term of correction (7°) is again negligible (Figure 3). The arrow, in this case, did not point upwards.
83% of the test group correctly thought that the arrow is pointing to the east-northeast. Roughly equal number of
participants marked each of the remaining answers. Conversely, 70.3% of the control group indicated the correct
response and 13.5% of the group members incorrectly answered north. The t-test and the U-test show essentially the
same pattern. For each group, users of test maps with a familiar projection have achieved better results than those using
unusual looking control maps. The U-test value approached the critical value in most groups, but it was only exceeded
among people with higher education and without qualification in geosciences.
The favourable projection hindered rather than helped to understand the map. The results show that meridian
convergence does not confuse reading off the directions, as the map readers rely on the graticule lines. At the same
time, the unusual representation of the projection used for the control map may have disturbed map reading.

In which direction is the red arrow pointing in Chukotka?
A) North (4)
B) South-southwest (1) C) East (5)
D) Northwest (3) E) South (2)
F) East-northeast (6)

Figure 3. Test question of the meridian convergence.

Cut on the Antimeridian
Most projections display the antimeridian twice on the plane so that the images of this line give the eastern and western
contours of the map. For this reason, close points near the antimeridian show up at the opposite parts of the map,
spoiling the visualization of global relationships.
In a recent paper (Gott, Mugnolo & Colley, 2007), a projection showing distances with the least possible distortion was
developed. The researchers, though not aware of it, practically obtained a projection from the projection set of
Ginzburg, which has long been known to have an optimal distortion (Tolstova, 1969). Gott connected point pairs near
the antimeridian with straight lines during computation, implicitly assuming that the map reader does not estimate the
distance in two sections crossing the edge of the map. However, this hypothesis is lacking any evidence.
Effects of antimeridian were only investigated later using actual experiments (Hruby, Avelino & Ayala, 2016). In this
case, research was also done exclusively with geography students. Therefore, it is advisable to extend it to a wider
audience. In contrast to the assumption of Gott, the test subjects connected the point pairs in the right direction; the
average distance estimation error did not exceed 2%, which could be attributed to the effect of the strongly distorting
Plate Carrée projection. Despite this, Hruby's research team demonstrated the disturbing effect of the antimeridian,
because their experiment significantly improved the number of students whose distances were not measured through the
countermeasure of the projection.
The participants had to arrange three point-pairs according to their true spherical distance. Two of the three point-pairs
had to be connected crossing the antimeridian, but only one point-pair was placed so close to the antimeridian that their
proper connection in this way would be evident. Since we did not want the other distorting effects of the projection to
influence the result, our experiment was carried out using the Baranyi IV projection, which is considered to be
favourable for the whole globe and is widespread in the Hungarian cartography (Figure 4). The control group got a map
in the Ginzburg projection (Gott, Mugnolo & Colley, 2007), which contains discontinuity only at a single point,
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optimally depicting the spherical distances. The projection was used in oblique aspect to avoid confusing amounts of
distortion at the points examined (Figure 4).
53.7% of the test group gave the correct answer. In the control group, 61.3% of the participants indicated the correct
answer. The most common mistake was due to the improper interpretation of the Auckland–Lima distance (see Figure
4): 25.0% of the test group did not connect the points far from the antimeridian crossing the edge of the map but
through its centre and seemed thus further as the distance between Dakka and Manaus, which are nearly antipodes. For
the control group, this error was less typical, only 12.6%.
In contrast to the study of Hruby, Avelino, and Ayala (2016), there was no significant difference between the test and
control groups in any demographic class. It is notable that, in contrast to other age groups, those under the age of 25
performed better using the test map. Although the double image of the antimeridian did disturb some participants, the
difference between these projections was much smaller than expected.

Put the distances of the point pairs in ascending order (from shortest to longest) according to their real distance on the Earth.
A) Auckland–Lima; Dakka–Manaus;
B) Dakka–Manaus; Auck-land–Lima; Midway- C) Auckland–Lima; Midway-Isl.–Honolulu;
Midway-Isl.–Honolulu (2)
Isl..–Honolulu (1)
Dakka–Manaus (4)
E) Dakka–Manaus; Midway-Isl.–Honolulu;
F) Midway-Isl.–Honolulu; Dakka–Manaus;
D) Midway-Isl.–Honolulu; Auckland–Lima;
Dakka–Manaus (6)
Auckland–Lima (3)
Auckland–Lima (5)

Figure 4. Test question of the cut on the antimeridian.

Discontinuities in the Centre of Maps
Although the continuity of maps breaks only along the antimeridian in most projections, there may be cuts in other
locations of the map to reduce distortions. Depending on their derivation, these mappings are called interrupted or
polyhedral projections. Non-professionals with good marketing capabilities from time to time “discover” the potential
of more favourable distortions in polyhedral projections, which the tabloid journalism loves to catch up. Thereafter, it
usually receives a negative response from professional cartographers indicating that the map structure falls apart in
exchange for the lower distortion of the polyhedral projections, and objects that are close to each other are far apart on
the map. The scientific debate is still going on (Böhm, Koch, & Stams, 2017). We wanted to determine whether the cuts
of polyhedral projections differ from discontinuities that are usual in the mapping practice.
We selected Waterman's butterfly projection for the map of the test group, the creator of which is also not a
cartographer, but the projection complies with the standard rules of map projections (symmetric graticule, its
construction can be expressed by explicit formulas), and its distortion is favourable (Figure 5). The participants had to
estimate the length of an interrupted section (Pretoria–Tierra del Fuego) taking an uninterrupted section (New York–
Birmingham) as the unit. The members of the control group did the same on the only slightly worse but uninterrupted
Winkel III projection (Figure 5).
39% of the test group correctly answered that the interrupted length was one and a half times longer. The most common
misconception was that the distances are nearly the same, marked by 31.6% of this group. By contrast, 52.3% of the
control group correctly estimated the distance, and 27% thought that these distances are the same. Taking the
demographic variables into account, the control group performed better in all cases. For those with secondary education,
this shows a significant difference according to the t-test, while among men according to the U-test.
Gott, Mugnolo and Colley (2007) find it equally undesirable if two points are located far apart because of a cut, as if the
linear scale would cause the same increase in distance. Other authors argue that map users typically overestimate the
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distances measured on an interrupted map (Hirtle & Jonides, 1985; Hruby, Avelino, & Ayala, 2016). Our results
contradict this since underestimation was the most common error on the test map. From our results, it can be concluded
that the cuts do not result in overestimation of the distances, as supposed previously, rather in overcompensation of the
distortion caused by the discontinuities.

Which statement is true considering the shortest path on the surface of the Earth?
A) The distance between New York and
C) The distance between Tierra del Fuego and
B) The distance between Tierra del Fuego
Birmingham is the same as the distance between and Pretoria is 1.5 times longer than the disPretoria is 2 times longer than the distance
Tierra del Fuego and Pretoria. (4)
between New York and Birmingham. (5)
tance between New York and Birmingham.
D) The distance between Tierra del Fuego and
E) The distance between Tierra del Fuego and
F) The distance between Tierra del Fuego and
Pretoria is 3 times longer than the distance
Pretoria is 1.5 times shorter than the distance
Pretoria is 3 times shorter than the distance
between New York and Birmingham. (2)
between New York and Birmingham. (3)
between New York and Birmingham. (1)

Figure 5. Test question of the discontinuities in the centre of maps.

Understanding Curved Graticule Lines
It can be shown that straight parallels are preferred to curved ones among map users (Šavrič et al., 2015), although this
survey covered only world maps. The indisputable advantage of straight-line parallels is that they show geographical
zones expressively.
In our task, participants arranged four points from north to south. The test group received an oblique Lambert azimuthal
projection. An important feature of this projection is that it is possible to depict a point beyond the North Pole. On the
map, we added a point beyond the image of the North Pole. The control group arranged the same points in the
Kavraysky VII projection (Figure 6). This projection is one of the best pseudo-cylindrical projections used in practice.

Put the points in order from the northernmost one to the southernmost one.
A) A B C D (4)
B) A C B D (2)
C) B A C D (6)
D) B C A D (5)
E) C D A B (1)
F) C B A D (3)

Figure 6. Test question of the understanding of curved graticule lines.
95.6% of the experimental group indicated the correct B-A-C-D answer. Similarly, a high score was achieved in the
control group since 92.8% indicated the correct response. Overall, there was no significant difference between the two
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projections in any demographical group. Our test subjects relied on the graticule lines to interpret geographic
relationships.

Pole-lines
Cartographia Co. and its successors, which dominated the market of Hungarian school atlases for many years, used
maps exclusively with pole-points in educational publications. They typically applied the Baranyi IV projection for
world maps, which has favourable distortions and pole-point. Following the secularization of the textbook market in
2016, new school atlases are being produced exclusively by Stiefel Ltd., whose world maps are drawn in Winkel III
projection with a pole-line (Fábiánné Merk et al., 2016) leaving off traditions. Therefore, the knowledge of map readers
about pole-line should be investigated. Based on an earlier user-study (Šavrič et al., 2015), map users do not consider
the pole-line unusual, there is no significant preference for either pole-point or pole-line maps. However, it has to be
checked whether the interpretation of these popular projections with pole-lines is correct.
Six points were marked on the Robinson projection, and the test-subjects had to say which one of the six points was
touched when departing in the direction of the arrow pointing to the pole-line (Figure 7). Points were also placed in the
neighbourhood of the opposite pole-line. The control group worked on the Lambert azimuthal projection (Figure 7),
which illustrates better the polar region.
32.4% of the experimental group indicated the correct answer B. The same number of participants (21.3%) marked the
C and D responses. In the control group, 76.6% of participants gave the correct answer. According to each demographic
variable and both evaluation methods, there was a significant difference between the test and control groups. Without
exception, better performance was observed for those who used the control map for this task. At the same time, there
was an interesting difference between the genders in reading the test map (with pole-line). 43.1% of men and only
20.3% of women solved the task correctly. The overwhelming majority (75.9%) of participants answering D (who
immediately arrived at the South Pole after “leaving the map” at the North Pole) were women. In the control group,
there was no such difference between genders. For this task, the probability of the U-test was below 0.005% for most
cases.
Our results show that pole-point representation is the ideal solution for maps showing higher latitudes. In view of this, it
is worth noting that the projection used in our newer school atlases undermines the interpretation of polar regions.

Which point would you reach, if you followed the red arrow from point A along the meridian, and crossed the edge of the map?
A) Back to A (4)
B) B (6)
C) C (5)
D) D (2)
E) E (3)
F) F (1)

Figure 7. Test question of the understanding of pole-lines.

Second Term of Correction
In our final question, we wanted to assess the extent to which the map readers are aware of the curvature of the mapped
geodesic lines. Small-scale maps may display large distances, so the second term of correction influences directions
measured in the projected plane by orders of magnitude more than usual in the geodesy, here with a value of about 75°.
The mapped image of geodetic lines on world maps may be extremely complicated: they can be simple curves, but
geodetic lines crossing the Equator often appear as a twisted S-shape. A study using the thinking aloud method among
geography students and teachers (Anderson & Leinhardt, 2002) has shown that knowledge is especially scarce among
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university researchers. The participants had more knowledge regarding the Northern Hemisphere, as it is more often
mentioned in the examples, and because of the heavier flight traffic, they have more personal experience. No control
group was included in the study.
Our investigation was carried out in the Northern Hemisphere, which is more affected by preconception; subjects were
asked to read the shortest route from San Francisco to Budapest from the map. There were six pre-drawn paths, one of
which linked the cities across the edge of the map in a misleading way. The map is made in Miller cylindrical
projection, in which there is no meridian convergence at all, and the first term of correction distorts directions to a
negligible extent. The map of the control group is not gnomonic projection, which is free of curvature. Its large linear
scale may have caused distrust and the first term of correction would also be disturbing for such a big distance. It was,
however, appropriate to use an azimuthal projection with its meta-pole in the midpoint of the geodesic line because the
analysed section would be a meta-meridian mapped to a straight line. Other distortions were equilibrated using Airy’s
minimum-distortion azimuthal projection (Figure 8). Due to the properties of the projection, it was not possible for the
two groups to draw the path "E" along the same trace, but this answer was the longest route for both groups.
42.6% of the experimental group indicated the correct response. The most common incorrect option was C with 25.7%.
39.6% of the control group gave the correct answer, and the most common incorrect answer (i.e. C) reached 36.9%.
Only the U-test indicated significant differences between the results of the test and control group. In the case of age
categories, the group of those under 20 were significantly better using the control map. This trend turned over for ages
25-30, and the results of the experimental group became better, approaching the critical value of the U-test. The results
for the different levels of education were similar: while among people with primary education the control group
achieved a significantly better result, in the case of those with higher education, the test group performed better, also not
far from reaching the level of significance. professionals in geography or earth sciences and in men achieved
significantly better results using the experimental map.
The control map hindered some groups rather than helped the correct interpretation. Because of the frequent use of
conformal world maps, map users are accustomed to the fact that straight lines map to curves. At the same time, less
experienced groups could benefit from the less distorted projection. All in all, it can be stated on this task that the more
experienced map users were not willing to accept the “correct” map as distortion-free. They even tried to eliminate the
usual distortion when it did not even appear on that map.

Which is the shortest route from Budapest to San Francisco by aeroplane?
A) A (6)
B) B (5)
C) C (4)
D) D (4)
E) E (3)
F) F (1)

Figure 8. Test question of the second term of correction.

SUMMARY
Our results strengthen Wakabayashi (2013) in several cases, who said that the interpretation of small-scale maps is
based on the geographical knowledge. This also means that the more often a map reader reads maps with specific
properties, the stronger the preconception of the “right” maps becomes. Based on this, the importance of choosing the
right projection also increases, because it is not only an aesthetic question but also affects the worldview of map
readers.
The results show that the applied projections affected more the younger age group (under 20 years), suggesting that they
have fewer prejudices on map projections. This means that the role of map editors is particularly important for young
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people, as it is easier to influence the worldview of this group. At the same time, it should be noted that the small
number of people in this group may have influenced our results. The prejudice mentioned previously was most apparent
among participants experienced in geography and earth sciences, who could perform well with the usual projections,
while sometimes their performance was even lower than their inexperienced peers.
The presence of the pole-line seemed to cause the biggest problem for the participants. On the basis of our results, we
only propose maps with pole-lines when the map thematic does not cover high latitudes, and the distortions of the poleline map are considerably more favourable than the corresponding pole-point map.
In conclusion, our research showed that projections play a significant role in reading small-scale maps. Apart from the
aesthetic appearance, it is necessary to take the feature parameters into account as well, as they can improve the map
reading ability of the users.
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Abstract
The web portal contains maps and applications aimed to represent the places of worship, both in the city of Bucharest,
the capital of Romania and across the whole country, but also in the diaspora, and to perform different spatial and
demographic analyzes. The basic functionalities of web maps and applications allow the following: identification by
name, by address or by church type, and displaying the information stored in the database; viewing the number of
churches displayed at that time on the map, the year of the newest built church, the total number of parishioners, and
the total number of families in the displayed churches, as well as filtering the churches after deanery; a list of all
churches visible on the map at a specific time, grouped after deanery; displaying on the map only the churches that
have the main theme selected from the drop-down list. Moreover, in order to improve and complete the information
contained in the database, an internal editing application has been created, allowing the search by address, or by the
church name in order to modify the data (both the spatial location, and attributes of a church). The spatial and
demographic analysis application presents a series of spatial analyzes based on demographic data provided by the
National Institute of Statistics for 2017, correlated with information on the number of parishioners of each church held
by an Archdiocese. Another example of the application shows two pilgrimage routes: a pilgrimage to Bukovina, and
one to Israel; Word / PDF documents with goal history, photos, or links to other websites for each route can be added
to provide the public with a broad idea of the points of interest they visit.
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INTRODUCTION
Following the fall of the communist regime in December 1989, Romania has witnessed a surge in expressing religiosity
that is continued to the present. The most popular church in Romania is the Romanian Orthodox Church (ROC), with
more than 86% of the 22.8 million citizens declaring themselves Orthodox. According to the latest official census, in
2011, over 97% of the inhabitants declared themselves Christians, with 86.4 belonging to the Romanian Orthodox
Church, 4.6% Roman Catholic, 3.2% Reformed, and 1.9 Pentecostal, while atheists 0.11% and the percentage of people
who declare that they have no religion is 0.1% (Sav 2014). The growing trend came naturally after years in which
practicing religious customs was banned. Actually, it is a known fact that during Ceausescu's regime, over 20 churches
evaluated as cultural monuments with a history of over several centuries (Church Ene 1611, Church Alba Postavari
1595, Church Sfanta Vineri 1784, etc.) were demolished.
After the revolution, Romania experienced various political and social challenges. Cities have developed under a
growing industry and attracted people around them, leaving behind villages that struggled with an aged population.
Moreover, there is a great number of people that left the country in search for a better living. This has been further
accentuated by Romania's accession to the European Union in 2007 when citizens have acquired the right to move
freely and to work legally throughout the EU. However, because of the Christian tradition in our country and the
spiritual comfort that citizens have always found in the Christian Orthodox Church it is a known fact that people
actually have more trust in the church's institution than in other institutions such as the army, the government and the
parliament. Under these circumstances, it is understandable how the religion and the ROC in particular has also traveled
through a challenging period, having to adapt to the modern society. Some of the measures that ROC took after 1989 in
this sense, was to reopen the monasteries and hermitages that were abolished abruptly in 1959. At the same time, the
foundations of hundreds of churches were laid, especially in the urban environment all over Romania. As for the
Diaspora, some Orthodox structures were raised to higher ranks and some new ones were established. A special activity
was given to the social-philanthropic plan, by setting up charity associations to help orphans, the elderly and people
with disabilities, religious assistance in hospitals, orphanages and old people's homes.
It is clear that the Institution of the Romanian Orthodox Church has a great heritage. In this context, it is necessary to
have a spatial database to manage the locations and data of these establishments. GIS technology has allowed the
integration of Spatial and Non-Spatial Data from different sources and formats, such as religious sites, demographic,
economic and geographic information within the same system. In addition to providing a system for collecting and
managing data in the same place, other benefits of spatial intelligence technology enable powerful spatial analysis
through different methods and functions that can yield new directions into Christianity and society, such as the
changing trend of spatial patterns, and the possible impact between spatial distribution of Christianity, demography,
geography and economics (Bao et al. 2014).
The objectives of the project:
1. To create a centralized information infrastructure
2. To provide effective tools for interested users through GIS technology
3. To create a web portal designed to promote information sharing, the social activities of ROC and improve
overall understanding of Christianity
4. To render comprehensive information about teaching, learning and training on the studies of christianity
This paper presents the result of the project, with a focus on the web portal as an integrated platform for data, web
maps, web apps, methodology and research references. The system allows easy access to comprehensive demographic,
economic and religious information in Romania and Diaspora, as well as some online tools for spatial data analysis for
understanding trends and patterns in the field.

DATA
In terms of data, the project relies on both spatial and non-spatial data. An important source of information lies in the
archives from the National Institute of Statistics containing official information on the structure of the population: age,
ethnicity, religion, as well as other important indicators on social conditions and education that are of interest, at the
level of counties, regions and macro-regions.
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The locations of the Orthodox churches in Romania were mapped by the project team using tools and aerial images
from the ArcGIS platform. Following the same procedure, and with additional information from specialized agencies,
pilgrimage routes were created.
Regarding the Diaspora, we used the official data sources from the ROC, the website of the Romanian Orthodox
Archdiocese of western and southern Europe, which contains a list of the addresses of the Orthodox Churches in France
and Spain. In order to locate them, we used Esri's geocoding service; where the position of an object is defined
indirectly, either by postal address or name of the administrative unit or a known name, the non-spatial information is
transformed into geographical coordinates and thus can be located on a map.
Each theme was managed in a separate feature class, organized within a geodatabase structure with a previously defined
schema of subtypes and domains to facilitate efficient data management.
For the cult sites that were destroyed under the Ceausescu’s regime, we consulted archives containing information about
the history of these vestiges. Also, images from various sources have been gathered with the interiors and exteriors of
the monuments. The data has been used to create Story Map apps that make visiting these points of interest possible,
even after their disappearance.

SYSTEM ARCHITECTURE
The proposed infrastructure is based on a web portal that allows the creation, hosting and sharing of maps, scenes and
web applications publicly. This front-end component is powered by the back-end infrastructure that relies on a
repository of spatial data and web services.
•
•
•
•
•
•

The web portal brings together all the geographic information that were collected and has the tools to:
Create, save, and share web maps and scenes.
Create and host web mapping apps.
Search for GIS content within the portal.
Create groups to share GIS information.
Share links to GIS apps.

The online web portal of the Archdiocese of Bucharest can be accessed from any browser (Internet Explorer, Mozilla
Firefox, Google Chrome) and offers direct links to all existing GIS web applications right on the front page. This
infrastructure makes GIS accessible to users of all experience leves. Certain apps are designed for beginners or non-GIS
users, while experienced users can use apps to mark new establishments on maps, or perform spatial analysis to reveal
patterns that would otherwise be hidden in the data.

CASE STUDIES
1. Orthodox Churches in Bucharest Web App
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Figure 1. The Orthodox Churches in Bucharest, symbolized after the construction period
This web app meets the need of the Archdiocese to have an overview of all the places of worship in Bucharest. The
interface presents a series of tools to help identify them by address or name. Also, a simple click on the map, reveals all
information stored in the database regarding the selected spatial object. Besides the possibility of symbolizing certain
attributes, there are also some special commands that allow interaction with spatial data (Figure 1):
•
•
•

Grouping: viewing the number of churches currently displayed on the map, the oldest of them, as well as
filtering churches after the century they were built;
Filtering command: displaying on the map only the churches with a specified patronage;
Interactive charts list: spatial data aggregation, giving an overview of the areas where most churches are
located, as well as their number

2. ROC Pilgrimages Web App
The ROC Pilgrimage web app was built on two pilgrimage routes: a pilgrimage to Bukovina (Figure 2) and one in
Israel (Figure 3).

249

Proceedings, 7th International Conference on Cartography and GIS, 18-23 June 2018, Sozopol, Bulgaria
ISSN: 1314-0604, Eds: Bandrova T., Konečný M.

Figure 2. Selecting a pilgrimage by name

There is also the option of selecting a pilgrimage route from the list of pilgrimages existing in the database for viewing
it on the map.
Apart from the thematic layer with the actual route of the pilgrimage, there is also a point layer containing all the
pilgrimage objectives, classified by route and day of visit. The app allows searching a route by name, as well as by
address.
Optionally, Word / PDF documents with additional historical facts, photos, or links to other websites can be added to
provide the audience with a broad idea of the points of interest they visit.
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Figure 3. Map display of selected pilgrimage and visiting objectives

3. Churches of The Romanian Orthodox Archdiocese of Europe Web App
Due to the increasing number of Romanians living in the diaspora, the number of Romanian Orthodox churches abroad
has increased, as well as the need of the Romanians to quickly and easily find the church closest to the place they live
in. Users can search a church by its address.

Figure 4. Churches of The Romanian Orthodox Metropolis of Europe Web App

4. The Road of the Cross - Jerusalem StoryMap
Story Map Apps are a new way of presenting geographic information, similar to an article or story in a dynamic
perpective, using interactive web maps and images, which can include both videos (from Youtube) and links to other
websites. Figure 5 presents the route followed by pilgrims going on the Road of the Cross, each stop being marked on
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the map with a point, numbered by the order of the visit. The side panel shows an image, and brief description of the
point marked on the map, which reflects its historical significance or the way it originated.

Figure 5. The Road of the Cross - Jerusalem StoryMap

Demographic and spatial analysis web app
The Demographic and spatial analysis web app presents a series of spatial analyzes based on demographic data
provided by the National Institute of Statistics for year 2017, which were correlated with information about the number
of parishioners of each church held by a certain Archdiocese. The map with the analysis of the discrepancy between the
number of parishioners and the number of inhabitants in each commune (Territorial Administrative Unit - TAU) reveals
that, for example, from the total of 159 TAUs constituting an Archdiocese, in 43 of the TAUs, the number of
congregants summed up for all TAUs' churches, exceeds the number of inhabitants in the TAU reported by the National
Institute of Statistics for 2017 (Figure 6).

Figure 6. Spatial analysis with the discrepancy between the number of parishioners and the number of inhabitants
Another spatial analysis is the spatial distribution of the ratio of the number of parishioners per church to TAU level
(Figure 7). The report resulted by summing up the number of church parishioners in each commune (Territorial
Administrative Unit - TAU) and dividing them into the number of churches in the commune. In five of the communes,
the number of parishioners per church exceeds the value of 2000 people.
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Figure 7. Spatial distribution of the ratio with the number of parishioners per church at
Territorial Administrative Unit (TAU)
Figure 8 shows the result of the ratio obtained by dividing the area in square kilometers of a TAU into the number of
churches in the mapped TAU. In five of the TAUs a church serves an area of more than 60 square kilometers.

Figure 8. Spatial distribution of the ratio by the number of square kilometers served by a church in a Territorial
Administrative Unit (TAU)
A more complex analysis for the Archdiocese aimed at identifying the localities without a church in the Archdiocese.
This analysis involved calculating the walking distance (considered for 20 minutes) to each church. The obtained layer
(polygon) was intersected with the limits of localities (also polygon type), resulting in a new layer of settlements
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without a church and which are not within the limit of 20 minutes walking by a church from another city/village (Figure
9).
There are 242 such communes out of which:
•
•
•

6 communes have more than 1000 inhabitants (three of which are suburban villages);
19 communes have between 500 and 1000 inhabitants;
42 communes have a population of 300 to 500 inhabitants.

Figure 9. Map of villages without a church in an Archdiocese

CONCLUSIONS
The market of the geospatial technology has evolved in recent years. The GIS technology is present in all areas that use
spatial information, and serves as decision support for various actions. In the context of a technological society in which
data is the engine of action, the Church must adapt and evolve to meet the new needs of people. This project and its
outcome, the web portal of the Bucharest Archdiocese, is a starting point for the next generation. It demonstrates how
different data formats and sources can be integrated, visualized, analyzed and reported in a collaborative web
environment. As presented, the space analysis tools are discovering new patterns in data that otherwise would not be
immediately visible.
As future work, we plan to extend the database with data collected on the field using the mobile apps Collector for
ArcGIS and Survey123 to continue the series of research in this area and to discover new links between religion,
population and other indicators.
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Abstract
The paper presents maps and a text covering the contents and status of research in the unique Arctic region throughout
two stages: the stage of the Arctic lands development by the Soviet Union (1950 – 1991) and the stage of the Russian
Arctic development from 1991 to the present day. The texts to the maps show that studying the Arctic basin has always
been aimed at deepening the geographical knowledge about the region’s nature, economy and ecology, including
improving transport links. The organization and development of the Arctic region research are discussed within a
framework of the country’s economic and political situation. The article features its most important scientific results.
The maps cover the whole territory of the Russian Arctic, and contain information about the polar stations and their
research profile, air, and sea expeditions and “Severny Polyus” ("North Pole") drifting stations, the Northern Sea
Route with the standard routes characteristics and the area of all the navigation routes. Map scales are: 1:25 000 000
and 1:16 000 000. A larger scale – 1: 16 000 000 shows in more detail the ecological-biological centers and centers for
integrated research – "Mys Baranova" (“Cape Baranov”) Ice base and the Russian research center in the Svalbard
archipelago. Drifting stations, namely, the drift routes of each of the stations, the drift beginning and end, are depicted
to same scale in more detail. Drifting stations are shown by specific inset maps. The paper is illustrated with map and
legend fragments, the report gives the maps in full.

INTRODUCTION
The Arctic is a unique area with harsh natural conditions and high development potential.
The Arctic has always attracted people. Its development began centuries ago and has been continuing to this day. The
revival of interest to the Arctic in recent years has been due to current and expected climatic changes, their impacts on
the economic activities and ecological status.
Russia has made a great contribution to the study of the region, accompanied by the presentation of these results in a
completed and visual cartographic way.
When creating maps, it is of great importance to generalize and systematize information obtained from a variety of
sources. In our work, it was analyzed for the period from 1950 up to the present day.

OBSERVATION CENTERS AND NETWORKS
Exploration surveys in the Russian Arctic throughout the period from the 1950s to the present, are divided into two
stages which correspond to two thematic maps.
Throughout the time under examination, the study of the Arctic basin, as in all other years, has been aimed at deepening
of the geographical knowledge about nature, the economy, the ecology of the region, including improving transport
links and communications.
The base for research at all stages of exploring this unique region has been the establishment of the Arctic drifting
stations, air and sea expeditions, centers for integrated research within the entire region. It was these networks for
observations and field investigations that became the main objects of mapping (studying). The Northern Sea Route
played an important role both in the organization of this work and in obtaining factual data. Let us consider the stages of
the region exploration surveys in more detail.
The stage of the development of the Arctic lands by the Soviet State (1950 – 1991)
In the postwar years the Arctic navigation was actively developed, thanks to the commissioning of new classes of
icebreakers, including the "Lenin" and "Arctic" nuclear-powered ships. The Northern Sea Route was used for
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procurement of new buildings, provision of geological surveys of oil, gas and other natural resources of the North. The
period of Arctic navigation expanded in connection with the application of new scientific methods for studying the
Arctic, carrying out meteorological research, ice reconnaissance.
On the territory of the Arctic zone, there were many hydro-meteorological and meteorological stations. They monitored
the regime for the oceans, seas, rivers, lakes, marshes and weather condition as a whole. From 1957, 103 polar stations
worked, of which 38 in addition to the regular program made aerological and actinometric measurements. The scope of
observations performed increased. Air reconnaissance of ice conditions started to be held regularly. [2]
In the late 60-ies of the 20th century, there was created a special space system of several meteorological artificial Earth
satellites, which allowed to obtain information about clouds and snow cover, distribution of ice, the temperature of the
underlying surface, and other characteristics.
To monitor the status of the environment in the Arctic, there were set drifting automatic radio meteorological stations
(DARMS) — remote units for measurement and transmission by radio in coded form the values of air temperature,
atmospheric pressure, the speed and direction of the wind, as well as for obtaining data on the deflection angles of the
station from the vertical position in the drift process.[4]
Due to the increase of flights over the endless expanse of the North, on the mainland there were established aviationmeteorological stations (offices affiliated with airports), which were to perform meteorological observations, gather
information on weather, compile and analyze synoptic maps, advise of and forecast weather for flight support.
From 1950 to 1991 there were set up 30 "Severny Polyus” (SP) (“North Pole") drifting stations. They conducted a wide
range of research, and in 1954, there were established two drifting stations in the Arctic zone, and from this time on,
simultaneous operation of several stations became a common practice. [2]
The working group of SP-2 was disembarked on the floating ice of the Arctic on April 2, 1950, it becoming the second
station in the history of Soviet stations. It drifted in the Arctic Ocean for more than a year. The station team was then
evacuated because of some swift ice twitch and split, but the expedition equipment wandered the expanses of the Arctic
for several years. Being in the field of view during the observations, the remnants of the equipment contributed to a real
scientific discovery - the existence in the Arctic of two relatively independent systems of the general ice drift. The first
one was a trans-Arctic system from East to West, from the Chukchi Sea to the Greenland Sea, and the other one —
along the anticyclonic ring in the Western Canadian sector of the Arctic, it was discovered from the movements of the
SP-2 camp remnants; the time of a full circulation of this system was estimated to be four years. [2]
In general, the trajectory of the drift of all 30 SP stations, beginning with that of SP-2 (1950) and ending with the last
station SP-31 (1988), can be divided into three groups: 1 — the stations, drifting across the pole or near it in the
Greenland sea; 2 — the stations involved in the anticyclonic circulation of ice in the Western Arctic; 3 — the stations,
the drift of which was unusual and different from that of the first two "standard" options. [2]
Every year the amount of work conducted at the drifting stations, became more diverse. In addition to observations on
meteorology, aerology, actinometry, oceanography, the state of the ionosphere, the drift and rotation of ice floes, they
began to study the issues associated with the regime for ice, the physics of the interaction of the upper ocean and ice to
identify new regularities and properties of the nature of the Arctic.
The Program of Work of the North Pole-5 drifting station was greatly expanded compared to that of the previous ones.
In addition to regular oceanographic and hydrobiological stations, there were added remote stations onboard the Mi-4
helicopter. [2]
Automatic recorders continuously registered water currents in different horizons. Ice studies included the study of
thermals of both ice and snow, with semiconductor thermometers. Aerometeorological observations included
temperature and wind sounding of the atmosphere through daily sending aloft of weather balloons to a maximum
altitude. To explore the physical features of the atmospheric processes, two times per month there were practiced series
of frequent sending of radiosondes and pilot-balloons aloft, actinometric, magnetic, and special observations of the
condition of the ionosphere, observations of radio waves propagation.
Exploration of the Arctic by aviation is marked by the "Sever" (“North”) Arctic high-latitude air expeditions (VVE), to
hold ice and oceanographic studies of drifting ice. The objectives of the expeditions included the installation of
radiometric stations and radio buoys, preparation of ice-hydrological forecasts and other observations related to the
support of the navigation of vessels along the Northern Sea Route.[5]
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The “North” High-latitude air expeditions usually worked two seasons a year. In autumn (November — December) they
supplied the SP drifting stations with materials, equipment and food. In spring (March — May), research units of the
expeditions performed comprehensive monitoring at scheduled points in the Arctic basin or on the shelf of the Arctic
seas. These units were usually called "jumping", as they after making observations at one point, immediately flew to
another one, then the next, etc. At each point of landing, the scientific staff together with the crews of airplanes or
helicopters deployed a temporary camp on the ice, the existence of which was from several hours to several days,
depending on the work program.
Each "North" expedition consisted of a combined aviation detachment, the VVE headquarters, two or three scientific
groups, a group of logistic support, shore bases and the so-called "hops" — temporary bases on the ice to support
"North Pole" stations located at a considerable distance from the shore.
The unit of high-latitude expedition "North-25" at the beginning of 1973 was destined to start performing unique
oceanographic surveys associated with obtaining in situ data on the state of the ocean and the atmosphere at numerous
points of the Arctic Ocean. SP stations were used as the base for building up on the huge high-latitude space. Using SP21 as the source database, the "North-25" expedition performed deep-sea oceanographic and meteorological
observations at 182 points in the ocean. [5]
It was supposed, from the results of the work of the expedition, to improve methods for long-term and short-term
weather forecasts and ice-hydrological processes for high and temperate latitudes, to measure the depth of the ocean, the
direction and speed of underwater currents at as many points as it was possible. There were addressed issues related to
the possibility of the year-round navigation and the development of new high-latitude routes. It was planned to compile
an Atlas of the bottom topography and currents of the Arctic Ocean.
Arctic sea expeditions continued to work as well. Icebreakers were applied to research activities and, later, so did
nuclear submarines. During expeditions, integrated investigations were dedicated to the study of the ocean bottom
topography, atmospheric phenomena and interaction of all natural systems.
The expedition, which began in 1948 and continued until 1954, helped detail the bathymetric map of the Polar basin and
the outline of the Lomonosov Ridge with a length of about 1,800 km. [1]
In 1955, the legendary expedition aboard the ice-cutter "Fyodor Litke" identified the deepest point of the Arctic Ocean
— 5449 m. It drilled the bottom of the ocean to gather geological samples. The "Fedor Litke" ice-cutter reached 83° 21'
North latitude, setting the record for freewheeling in the Arctic ocean.[3]
In the period from 1956 to 1957 under the leadership of George A. Baskakov, the participant and leader of expeditions
in different seas, chief of the first expedition for the survey of the currents of the Arctic seas, conducted the expedition
covering a vast area of the Kara, White and Barents seas. The main objective of the research was surveying of currents.
The expedition worked aboard three vessels: the ice-cutter "Fyodor Litke", and two schooners: "Aktyubinsk" and
"Buyo" in 1956; "Astra" and "Tuvyak" — in 1957. In the vast area of the Kara Sea there were set up 15 buoy stations
with self-recording instruments for measurement of the speed and direction of currents. There were recorded waterlevel fluctuations in the open sea as well. [1]
In the postwar years, the Soviet Union began construction of a powerful icebreaker fleet for the Northern Sea Route.
Icebreakers made it possible not only to improve navigation but also to establish high-latitude routes.
The first experience of using a nuclear-powered icebreaker to reach the North was the campaign of the icebreaker
"Lenin" in 1961. In addition to testing the technical means and possibilities and a number of scientific observations, the
purpose of the voyage was the disembarking of a new drifting station "North Pole" on the ice through an active floating
ship, rather than an aircraft, as it had been done previously. The first high-latitude voyage of the icebreaker "Lenin"
confirmed the possibility of freewheeling of powerful icebreakers in high latitudes in conditions of stable ice
formation.[3]
In August 1977, the icebreaker "Arktika" conquered the North Pole. Since the goal was to achieve the North Pole, the
development of the route was conducted from data of long-term observations of the behavior of the ice fields. Scientific
and technical experts from various institutions reinforced the icebreaker crew. On August 17, the nuclear- powered
icebreaker reached in active navigation for the first time ever the geographic North Pole, where the expedition crew
conducted the planned research. During the expedition, they collected unique data on the behavior of the hull of the
icebreaker when interacting with ice in different operating modes, tested devices for determining the ice cover thickness
and a satellite navigation system under the conditions of high latitudes.
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The end of the 80-ies was crowned by one of the last expeditions organized by the Soviet State. It was a high-latitude
expedition of the icebreaker "Sibir" to the North Pole (1987). The main objectives of the expedition were to evacuate
the drifting polar station SP-27 and deliver the new polar station SP-29. In the conduct of evacuation, researchers found
that the ice situation allows them to reach the North Pole. On May 25, 1987, the icebreaker "Sibir" was the second ship
that reached the North Pole in active navigation.[2]
In view of the complex research in the Arctic, discussed above throughout the period in question, the map (scale 1: 25
000 000) and its legend show:
- air expeditions (I. I. Cherevichny 1953, V. K. Bakhtinov 1958, "North-25" 1973), pointing out the work
areas, the bases of the air expeditions, the areas covered by flying from the shore bases and from the drifting
station "North Pole-21"
- sea expedition (D. D. Maskutov – the ice-breaker "Fyodor Litke" 1955; I. I. Poznyak – the icebreaker
"Lenin" 1961; T. B. Guzhenko – the icebreaker "Arktika" 1977; A. N. Chilingarov – the icebreaker "Sibir",
1987; the area of the expeditions by G. A. Baskakov– "Fedor Litke", and others, 1956-1957);
- hydrometeorological stations;
- nature reserves of national importance.
Separately, the additional inset map (scale 1: 50 000 000) represents the area of the drift stations "North Pole" (SP).
Fragments of the map of the development of the Arctic lands by the Soviet State and its legend are given in Figures.
(Fig. 1,2)

Figure 1. Map "Stage of the development of the Arctic lands by the Soviet State (1950 – 1991)" – Fragment
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Figure 2. Map legend "Stage of the development of the Arctic lands by the Soviet State (1950 – 1991)" - Fragment
In the late 1980s and early 1990s, the activities of the Soviet State was complicated by the radical changes in the
country due to new political and economic conditions, which resulted in a reduction of the Arctic research. In 1991, the
drifting polar station SP-31 concluded its work. Marine studies became performed much less frequently. In 1993, the
high-latitude air expedition "Sever-45" finished working. There was a reduction in the number of hydrometeorological
stations. However, the Arctic continues to be researched, and the next stage of its development began.

The stage of the development of the Arctic lands by the Russian Federation (1991 – 2015)
The beginning of a new stage of the development of the Arctic is characterized by the participation of Russian
researchers in international expeditions, and a gradual intensification of work.
A comprehensive study of natural, ecological conditions and the environment became developed in connection with the
industrial development of the shelf. In the summer of 1994, aboard the scientific and expeditionary vessel "Akademik
Fedorov" there was held an international expedition, together with Swedish scientists, "Tundra Ecology-94" along the
Northern Sea Route. The program of the field work included comprehensive studies of the ecosystem status of the
Arctic coast of Russia, identification of the negative consequences of anthropogenic impact on the vulnerable Arctic
nature.
The first Russian drifting station "North Pole-32" started its activity in 2003. New models of equipment and machinery
were tested. Throughout the period of the drift, scientists conducted measurements at depths of 3000 m or more,
obtained materials on the problem of the interaction of the atmosphere and ocean, which were of importance for
predicting natural disasters. The state was engaged in systematic research of the Arctic region, and by 2004, the next
drifting station "SP-33" had started its work.[1]
The high-latitude Arctic expedition (VAE) "Arctic" was arranged in order to resume studies in the Central part of the
Arctic Ocean. Since 2004, all activities for organizing and evacuating each drifting station have been supported by this
integrated high-latitude sea expedition. Representatives of many local agencies and research institutions took part in
expeditions, working mainly aboard the vessel "Akademik Fedorov". The objectives of the expeditions included a
comprehensive study of natural conditions in the high-latitude Arctic and their variability in the modern climate epoch.
On August 29, 2005, the expedition "Arctic-2005" aboard the research vessel “Akademik Fedorov” reached the North
Pole without an ice-breaker escort.
In 2005, a squad of geologists and geophysicists started working aboard the “Akademik Fedorov” to go to the Arctic. In
the area of the Lomonosov and Mendeleev Ridges, they obtained data to establish that the Lomonosov Ridge is a
natural extension of the Siberian continental platform, and the Mendeleev Ridge is the ancient continental crust of the
continental margin of Russia. In the summer of 2007, to detail the outer limits of the continental shelf of Russia, they
checked up the geological junction of the Lomonosov and Mendeleev Ridges and the adjacent mainland margin of
Russia in the Laptev and the East Siberian Seas. The atomic icebreaker "Rossiya" broke the ice at the North Pole for
descending bathyscaphes.
The organization and carrying out of the 2007/08 International Polar Year on the initiative of Russia was the central
event at the beginning of the 21st century. In 2007, the high-latitude deep-sea expedition "Arctic 2007" was organized
by the Arctic and Antarctic Research Institute on board the icebreaker "Akademik Fedorov", the expedition took place
under the leadership of Artur N. Chilingarov. The crew of the submersible "Mir-1" planted the State Flag of the Russian
Federation for the first time in history at the geographic North Pole on the Arctic Ocean floor at a depth of 4261 m on
August 2, 2007. In the course of the expedition, there was arranged the drifting station SP-35. The route of the
expedition took place in certain areas of the Arctic Ocean, never visited before by the domestic ships. Besides, among
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the results of the multidisciplinary research in the Arctic area found were new technologies of hydrometeorological
support of navigation in the Arctic and freezing seas of Russia, organized in the form of workstations on the basis of
modern electronic mapping and geographic information systems.
In 2012, the innovative educational project "Arctic Floating University" was implemented by joint efforts of the
Northern Arctic Federal University named after M. V. Lomonosov (NARFU), the Federal Service for
Hydrometeorology and Environmental Monitoring (Rosgidromet) and the Arkhangelsk branch of the Russian
Geographical Society for young researchers of the Arctic to be able to manifest themselves in the real conditions of the
Northern seas. The research vessel "Professor Molchanov" becomes the floating University for the period of the project.
The voyages of the "Arctic Floating University" are made in summer every year.
In the summer of 2013, after repair work, the field stationary base of the Arctic and Antarctic Research Institute opened
the research stationary base "Ice Base "Mys Baranova" (“Cape Baranova”) on the Island of Bolshevik. The base is
located on the shore of the Shokal'skogo Strait, separating the Island of Bolshevik and October Revolution Island of the
Severnaya Zemlya archipelago. The neighborhood is characterized by the presence of a broad spectrum of natural sea
ice, both lake and river origin, with a dome-like glaciers and icebergs. At the base they conduct meteorological, solar
radiation, aerological and ozone observations, investigate into the physical-and-mechanical and morphometric
characteristics of ice, the chemical structure of water masses, perform regular glaciological monitoring on the
Mushketov Glacier and the adjacent areas. [6]
In December 2013, there was created the Russian Scientific Center on Svalbard / Spitsbergen (RNCS) and its
infrastructure (it used to be a weather station). Svalbard / Spitsbergen is one of the unique test grounds for complex
studies of the region in various fields of Earth Sciences as it is located on the border of the spread of warm waters of the
North Atlantic current and the ice cover of the Arctic basin. [7]
The Center provides coordination of scientific investigations when different departments conduct them, an increase of
efficiency of the scientific base and optimization of the mechanism for financial support of scientific activities. The
Arctic and Antarctic Research Institute, which created a permanent Russian scientific Arctic expedition to Svalbard /
Spitsbergen is the coordinator of the Center. Its primary purpose is the logistical support for the activities of the
wintering and seasonal teams of expeditions.
The Research Center (RNCS) consists of two laboratory buildings, where they carry out chromatographic and
spectrophotometric analyses of substances, and the unit of reception, processing and transmission of satellite
information. On the basis of RNCS are made various test grounds such as environmental, meteorological,
oceanographic, cryosphere-and-hydrology, and geophysical ones. Each test ground and laboratory is provided with
specialized equipment. [7]
The scientific expedition vessel “Akademik Fedorov” continued the work of the determination of the outer limits of the
continental shelf in July 2014 (VGX-2014). The members of the scientific team included the members of the “Marine
Arctic Geological Expedition”, which carried out its mission during the Soviet period. A comprehensive study had the
objective of creating the geological and geophysical basis for assessing the petroleum potential of the continental shelf
beyond the exclusive economic zone of the Russian Federation in the Arctic Ocean. Throughout the voyage, they
performed standard meteorological observations as well as continuous registration of the surface concentration of both
ozone and carbon dioxide, using portable gas analyzers. [9]
The end stage of the development of the Arctic is marked by the organization of the next drifting station "SP-2015"
under the auspices of the Institute of the Arctic and Antarctic. During the operation of the station there were carried out
observations and studies in several areas: meteorology, aerology, oceanography, hydrochemistry, hydrobiology, sea ice,
magnetology. [8]
The content of the research of the modern period is reflected by the map of a larger scale (1: 16 000 000), which made
it possible to detail in the original and in the map legend items already highlighted in the previous section and add new
information.
Polar stations are shown, classified as existing, conserved, automatic ones. In addition, they are differentiated according
to the profile of studies into meteorological, marine hydrometeorological, river hydrological, aerological, and
actinometric ones. Shown are the centers for comprehensive research restored at the site of the former polar station of:
the Ice base "Mys Baranova" and RNCS. The current stage of the development of a network of especially protected
territories (reserves) is characterized and displayed on the map through ecological-biological centers in the form of
reserves, not only of Federal importance, but also in the form of the biosphere and national parks.
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The scope of work of sea expeditions becomes more complex, partly international, environmentally directed,
characterized by the studies on the shelf. The map marks them in accordance with the dates and names reflecting their
characteristics: "Tundra Ecology-94" (1994), "Arctic-2007" (the International Polar Year), "Shelf-2010", "Outer limits
of the Continental Shelf" (VGKS-2014). (Fig. 3,4)
The scale of the map allowed us to show in detail the Northern Sea Route – its standard routes of the voyage and the
entire area of navigation routes.
As for the drifting stations "North Pole", the additional inset map contains not only generalized information on the area
of drift as a whole, as it is on the map of the previous stage, but also specific information about the routes of drift of
individual stations, the beginning and end of each drift under its individual name (SP-2015, SP-40, etc.)

Figure 3. Map "Stage of the development of the Arctic lands by the Russian Fed-eration (1991-2015)" - Fragment
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Figure 4. Map legend "Stage of the development of the Arctic lands by the Russian Federation (1991-2015)" Fragment
The designed maps of the both stages are agreed on content, mathematical and geographical bases. They are made in the
TsNIIGAiK oblique perspective-cylindrical projection, the insert maps use the normal azimuthal conformal projection.
The process of creating the map can be divided into several stages: preliminary examination of the material,
systematization of obtained data, the formation of the legend and the designing of the original. The map is compiled in a
desktop publishing system (NIS) Adobe Illustrator. The integration of linear and areal objects, when using transformed
maps, is conducted by the "transparent table".

CONCLUSIONS
Currently, the study of the Arctic is being continued. The results mapping pro-duces a clear picture of the region
studies, allows one to evaluate the research state and contribute to the organization, coordination and planning
prospective activities. The designed and compiled maps can also be of interest in historical terms, for educational
purposes, for a wide range of specialists in different fields and for anyone interested in the unique Arctic region.
Requirements to the article submission and dimensions (scales) of maps cov-ering the territory of the Russian Arctic
completely resulted in the submission of fragments only of the legends and those of the originals. Full size maps are
pre-sented in the report.
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Abstract
The farmers often face with damage of their farms caused by natural disasters. Such damages significantly affect the
productivity of their farms. So, the farmers need the support from the institutions. And, in order to have a sustainable
agriculture development it is necessary to manage properly the post-disaster process. For such purposes, it is necessary
to make some detailed analysis in advance. This kind of analysis will help to identify exactly the location, area and the
level of damages for each farmer. The most appropriate way in solving such tasks is through spatial data analysis by
GIS and remote sensing techniques as well.
This paper is focused on mapping and management of damages caused by hailstorm in vineyard areas in the southern
vineyard region of Kosovo. It is introduced the potential of GIS methods in determining the location, area and the level
of damages of the vineyard by hail. Initially, geospatial data such as satellite images are used. Than is created a
random grid of points for the data collection process. During this phase, farmers can report their damaged areas
through mobile applications by using some integrated designed questionnaires as well. Time is very important factor in
this process, to determine the exact location and scale of damages as well as linking these records to the database of
the vineyard register. Since this process is completed, farmers will be informed about their damaged vineyard areas by
publishing the data on the Web GIS system. Except of helping them through a compensation process, it is necessary to
give some additional advices on how to treat further their damaged of the vineyards. The results achieved will be used
by Division for Early Warning of Diseases and Pest to give advices through the current Web GIS system.
Keywords: WebGIS, mapping, hailstorm, disaster, vineyards;
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INTRODUCTION
From year to year it is considered that hailstorms are causing the biggest damages in agriculture. Fortunately, the
average hail storms last for a few minutes, and seldom more than 15 minutes, due to the shortness of life they have, the
forecast is quite challenging and difficult. The Hailstones may have a size from a few millimeters to several
centimeters, usually between 5 and 50mm. When they fall from the clouds they can reach a speed of 9m / s for
hailstones size 1cm to 48m / s for hailstones size 8cm (NOAA National Severe Storms Laboratory, a.d.). Despite the
shortness of life, hailstorms are estimated to be causing damage to larger magnitude than other meteorological storms
(tornadoes, wind storms, etc.). Except agriculture, they also cause damage in different spheres of life, such as real
estate, vehicles, and people alike. What will be the subject of this research is agriculture or more exactly damages
caused by hailstorm in the viticulture sector. The impact of hail on vineyards can be devastating. The degree of damage
depends on the intensity of the hailstorm and when in the production cycles the storm occurs, for example in the early
season, some vineyard is impacted, some may still be able to produce, yield may be lower than expected. But when
vegetation and grapes are out in early summer, the whole harvest product may be lost. There are various hail protection
options, but unfortunately in our country there is no protection against the hail storm and the damage that they cause.
Given that there is no protective measure, then the need arises to manage post-disaster damages caused by the hail
storm. For these reasons, in this research we will outline the methodology of the way of determining extent of the initial
approximately location area of the hail damage, the method of collecting data for the evaluation of damages and the
processing of data and their mapping visualization until publication of the results through web services in a web GIS, to
be used by farmers and beyond. As a case study was used the southern sub-region of vineyards in Kosovo and two
events (02-July-2018 and 24-may-2017) of the hail storm that hit this area.

STUDY AREA
Southern sub-region of vineyards is located in the Dukagjini Vineyard Region and extends southwest of the Republic of
Kosovo between the longitude 21 ° 19'24 "E and 20 ° 55'12" E and the latitude 42 ° 9'4 "W and 42 ° 36'22 "W and
includes 5 vineyard zones, Rahovec, Suharekë, Prizren, Gjakova and Malishevë. This vineyard sub-region currently
includes 99% of the vineyard area cultivated throughout the territory of the Republic of Kosovo, where 74% of the
areas are concentrated in the Rahovec vineyard zone. The surface of these vineyards stretches from the altitude of 310m
to 800m, i.e. 89% of the vineyards lie in a narrow 150m difference level, from the altitude 350m to 500m, while the
other distributions of the vineyards are presented as in figure 1. The terrain of this sub region is hilly with flat valleys in
the lower parts, where 71% of vineyard area lie on a slope of 5-15%, 27% on a slope of 0-5%, while 2% lies on an
average slope of over 15% (Ameti, Creation of vineyard cadastre in Kosovo, Final Report, 2015).

Figure 1 The extent of the Southern vineyard sub-region and the chart of the altitude
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DATA AND METHODOLOGY
With nowadays technology there is a large number of resources that collect geospatial data, however data availability
and usability still remains a major obstacle together with the difficulty of integrating data from multiple sources
(Alessandro, Craglia, Roo, & San-Miguel, 2010). A good database is the most important criteria for sustainable
planning with respect to manage geospatial data as well as the foundation for strategies and management of disasters.
Only a complete data collection enables us to set up good disaster management and to organize post-disaster
management. Geodatabases may support the analysis of disaster significantly, as the responsible decision makers are
usually confronted with huge amounts of original and interpreted data (Martin, et al., 2010). Geodatabase design
involves organizing of geographic information in series of data based on layers that can be integrated using geographic
location (Kuka, Ameti, Ajvazi, & Sylka, 2014). Geo-Information is becoming a key issue in the achievement of targets
and is widely used in the disaster and post-disaster management. Various geo-data sets are needed on disaster response
and management. These geo-data in generally can be grouped in two large clusters: dynamic or operational and static or
existing (Dilo & Zlatanova, 2008). Data collected during the disaster are denoted as dynamic data, while the
information existing prior the disaster is named static information. Amongst all the geospatial data dealing with disaster
management, Geo-Database Management Systems (Geo-DBMS) are the fundamental component as these are the
software tools responsible for the data management. There are a lot of reasons to use Geo-DBMSs in GIS and disaster
management systems: multiuser control on shared data and crash recovery, automatic locks of single objects while
using database transactions, advanced database protocol mechanisms to prevent the loss of data, data security, data
integrity and operations that comfortably retrieve, insert, and update data (Breunig & Zlatanova, 2005). Digital maps
with geo-DMBS are increasingly being used by disaster managers. many questions asked during management of an
emergency/crisis situation begin with the word WHERE –WHERE did something happen, WHERE are the rescue units,
WHERE are the sources of danger, WHERE should the threatened people be relocated, etc. It is clear, that a natural
answer to these questions is a map. The role of cartography in crisis management is therefore clear – simplify and wellarrange required spatial data. That makes the decision-making process quicker and better and leads to minimization of
damage (Bandrova & Konecny, 2013).

Figure 2 Data and methodology
In the case of this research, as static or existing data, geo-DBMS of vineyard cadastral system and wine quality control
was used. By which it will be determined exactly which of the vineyard areas will be affected by the damages caused by
hail, which farmer are the vineyards, what variety. Schema of this geo-database keeps plenty of detail data ranging from
all data on farmers, vineyards, varieties, to annual harvest declarations (Ameti, Kuka, Ajvazi, & Cikaqi, 2011). Except
that these data that is needed for analysis, they may be used to notify the farmer for event that has struck his vineyards
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area in order to stimulate the farmer to make himself and a report and statement of the damage caused to his vineyard.
On the other hand, dynamic data i.e. spatial data collection also plays a very important role in determining the exact
location and assessment of degree of damage. The main goal of the hailstorm database is to collect and provide detailed
and quality controlled information on hailstorm events using a homogeneous data format, mobile collection and webbased, user-interfaces where both the collaborating institution and the public can contribute and retrieve observations
(Dotzek, Groenemeijerc, Feuersteind, & Holzere, 2009). For this reason, it is necessary to create a model and standard
for collecting data from the field, managing them and presenting results from data analysis, among other things to have
preparedness and planning in the event of the disaster. The methodology and the data model will have to be planned and
in standby mode for hailstorm event. For example, when a disaster event occurs, it is not the time to meet to make plans
and establish operations such as acquiring essential base data layers, conducting GIS training, formulating data-sharing
agreements with other organizations, or running what-if scenarios. These types of activities must be done before an
actual event occurs. Introducing new concepts, datasets, technologies, and ways of conducting disaster management
activities during a disaster response can divert precious time, attention, and resources away from time-critical, pressing
needs. Thus, it is essential that proper plans are in place before an event occurs (Tomaszewski, 2015).
While we have to retaining the needs of the above-mentioned activities to be avoided during and after the disaster, a
ready-made methodology for damages estimates in case of hail storm is built. This methodology itself contains all data
linkages starting from static - existing, dynamic data collected on the ground and those resulting from data analysis as
well as the entire workflow (see the methodology scheme in Figure 2).

Identification of the hailstorm location
Given that the storms of the hail
are short live, and that in our
country there is no protective
measure
nor
metering
methodology of the size of the
hailstones like that of HAIL-PAD,
then rapid action after the storm is
indispensable, including collection
of the data directly on the ground.
Normally, prior to entering the
field, the key point is the
preliminary identification of the
storm location. Hail events can be
mapped based on reports from the
Figure 3 Identification of approximatly location of haistorm
public, observations by response
personnel, analysis of radar data, or analysis of post-event satellite imagery (Gallo, Smith, Jungbluth, & Schumacher,
2012). In this research as a way to initial identification of the location, ground observation and different reports from
farmers were used. Where these data were analyzed in short time with GIS software, using other static recordings of
vineyard registers and we created an initial polygon location of hailstorm disaster.

Random selection of vineyards and data collection
Data for damaged vineyards from hail can be directly measured/collected at discrete locations. However, there are
disadvantages associated with this method. For example, the direct measurements are only available at point locations,
and the inferred data are either only available at discrete locations over small areas or their accuracy is unknown and
may be affected by many factors. Therefore, predictive modelling provides an alternative approach to generate spatially
continuous data for assessment of damaged degree (Li, Tran, & Siwabessy, 2016). One of the important design
problems to be resolved in hail modification experiments concerns the number of surface sampling points necessary to
measure adequately the areal extent of damaging hail. To define accurately the area of damaging hail it is required to
collect at least 1 observation point per 500ha. To prepare maps that will show degrees of damaged areas, the average
sampling density of 8 points per 500 ha should be used to represent the data more accuracy (Stanley & Changnon,
1968). The model selection was based on a procedure which involved two steps. One step was to select predictors to
form a model that is often termed as feature selection, and the other was to estimate the predictive accuracy of the
model formed (Li, Tran, & Siwabessy, 2016).
After the initial identification of the damaged area is done the creation of random data collection points within the
affected area, applying the above criterion, where the same points will be visited on the ground and the damages caused
by the hail will be assessed. In addition to the selected vineyards, a contribution to the assessment of damages will be
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the reporting by the farmers, normally that these reports require a more rigorous control. For case studies of hailstorm
events on 2016-07-02 and 2017-05-02 the initial location was almost the same and the distribution of the random points
was done using the Random point inside polygons function with sampling strategy "Point Density", the distribution
coefficient calculated according to formula (1) and with minimum distance from 700m.
−1
8
𝑃𝑃𝑃𝑃 = �
∗ S�
(1)
500

Pd – Point density
S – Area (m²) of the approximate polygon affected by the storm of the hail

Figure 4 Created random points for approximate area of hailstorm disaster (left 2016-07-02, right 2017-05-02)
Collection of data is a process of collecting and measuring data in the field using different technique as a means of
collecting data attributes and GPS as a data collector Spatial. Based on the necessary attributes designed in the database,
easier collection forms are built using mobile devices such as smartphones or tablets with integrated location (Kuka,
GPS and GIS techniques in chartographic analysis and applications, 2016). ODK Data Collect is an application that is
usable, fast, efficient, and efficient, and enables collecting attributes, geo-spatial data and other media such as (photos,
videos, voice). Using ODK also avoid the use of paper. The data that has been collected (part of schema, design from
and use of application) can be seen in a figure below.

Figure 5 a) part of db schema related for data collection, b) design of the form, c) use of application in terrain.
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Another positive side of using this application for data collection is synchronized in real time with server application
using Web Service, when we have connection in the Internet (using Mobile Data or Wifi).

Figure 6 ODK Aggregate Web Application

Geospatial analysis
GIS analysis can be effective in determining the location and estimated size of hail damage, but cannot be use without a
data that we collect while field visit to determine actual damage. After collecting data and controlling those reported by
farmers, it begins with processing and GIS analysis to determine the degree of damage caused to the vineyards.
Moreover, the ultimate purpose of collecting data is not reaching an average assessment, but determining the spatial
continuity of damages according to the samples. To achieve a more reliable representation, various statistical methods
have been developed, one of the most important is the geostatistical method. Geostatistics are a collection of statistical
methods analyzing spatial dependence among samples (autocorrelation) and obtaining estimates of the variable under
study at unsampled locations. Geostatistics can define the interpolation as a method of value estimation and/or
prediction at unsampled locations in the geographical space. The objective of interpolation is to create continuous
surfaces based on point samples. Many different methods are available, both deterministic and probabilistic, based on
the mathematical algorithms used to compute the weights to be assigned during the interpolation; examples are
triangulation, inverse distance weighted, natural neighbor, kriging, radial basis function (Sciarretta & Trematerra,
2014).
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Figure 7 map degrees of damage resulted from Geostatistical method (kriging)
In this case study, we have used the geostatistical method of Kriging interpolation and datasets with 48 samples. Given
that the sample datasets are three sizes that determine the degree of damage then all three are used, but with the same
geo-spatial data. The sizes that have entered as inputs in the geo-statistical method are: the average size of hailstone, the
degree of damage to leaves from the two sides of the row and the degree of damage to the grape product from the two
sides of the row. By applying this methodology, the geo-spatial data of the continuous surface area for the affected area
are matched. Now at each point of the surface you have a representative value, to continue with next step for classify
this area at 5 degree of damage: 0-5%, 5-25%, 25-50%, 50-75% and over 75%.
Before interpreting the results achieved, an estimate of the accuracy of the results with the input data should be made.
As the first step for the samples collected on the ground, the value of the model created after interpolation is calculated,
since between the values collected on the ground and the interpolated ones there will be a difference. For example, in
samples with number 105 entering value 90 while interpolating 96.27, d.m.th difference is 6.27. Given that we have
done the classification as in the above paragraph then in SQL queries we have grouped sample values, both measured
and interpolated, and grouped according to this classification and transposed on the basis of the measured value we have
acquired the matrix of error below.

Table 1 Accuracy assessment (Error matrix)
According to the results of the error matrix it can be seen that the data interpolated with the data from the collected
samples despite having differences between them they do not exceed the difference that represents the degree or
classification ie 25-50% that understands that the difference of 6.27% does not exceed the value between the scale of
25%.

WebGIS – structure and its applications
Web GIS can provide all GIS functions on the Web and these functions apply to different disciplines and industries.
However, advancing Web GIS applications is far from achieving its full potential, which is an excellent opportunity for
the future. But Web GIS functionality is done by building complex communication architecture between the programs.
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Web GIS is not a single-function program, it incorporates complex communication architecture between different
programs using Web communication services such as HTTP, URL and HTML (Berners-Lee, 1989). Like most Web
applications, Web GIS has a well-known Server-Client architecture, through which all interactions between users as
client (Presentation Tier level) with Business-Logic Tier (a server application that processes and processes, analyzes
spatial data) and Data tier (is a database management system that provides access to application data) (Abdalla, 2016).
Different authors have been researching about the performance that Web GIS's architecture provides. (Fu & Sun, 2010)
through a scheme (below) explained the weak models and the best practice of balancing the Client-Server architecture,
which we use as the model.

Figure 8 Weak models (extreme) and best practice in Client-Server architecture (adapted – source (Fu & Sun, 2010))
In contrast with Web Sites, which are usually isolated and closed to external software systems, Web Services are
considered open in that they are programming Interfaces that can be accessed by other applications over Web. The term
web service typically refers to an Internet communication protocol between applications. Web services are built on the
standard web HTTP protocol used for web browsing (Mitchell, 2005). Web Services Technology has played an
important role in WebGIS evolution, where push a great number of organizations and companies to use the web service
format for publishing data and functions. But among other things, these Service-Oriented Architecture (SOA) or WebOriented Architecture (WOA) web services provide a new approach to interoperability. Geospatial Web Services
leverage the power of GIS, programming components, and the World Wide Web to server an expanding variety of
needs. Geospatial Web Services are full integration and use of location, spatial data or location at all levels of the
internet and the web. This integration will often be invisible to users. All this process for assessing damage caused by
hail, bypassing data collection, is performed in the background and unseen for many users. This greatly facilitates the
user's work without having to do research or analysis. They are all defined with a workflow as we have used and the
user as such will only have to register the event as input data and collect the data on the field. After these two steps, the
user as such will only get the results that will be published on Web GIS that he will use with an Internet browser. In the
case of this research, programs that are used for processing on the server side (QGIS, Python, Apache, QGIS Server,
Geoserver) for data storing and management (PostgreSQL, PostGIS) and Web application on the user side (QWC,
OpenLayers, etc) are open source. Why we select QGIS Server as OGC data server is because it uses QGIS engine as
backend. It becomes really awesome because a simple desktop qgis project file can be rendered as web services with
exactly the same rendering, and without any mapfile or xml coding by hand. Also provides a way to serve OGC web
services like WMS, WCS and WFS resources from a QGIS project, but can also extend services like GetPrint which
takes advantage of QGIS’s map composer power to generate high quality PDF outputs (Oslandia, 2017). This makes it
easier for the GIS users to not need any very high expertise in the program to publish data through web services in Web
GIS.
Data derived as a result of Geospatial analysis can be published through geospatial web services and as such are
accessible to farmers and users. For each event that is caused by hail and published in Web GIS, the farmer will be able
to be notified in a timely manner and to check the assessment of his vineyard and to what extent the damage was
assessed.
The GUI of the Web GIS application is built in very simple and intuitive way that the farmer / user does not need
additional knowledge or training. Some of the features that are worthy of note are: fulltext search that allows users to
search for different criteria in those public attributes, the wisdom of identification on any of the features on the map,
access to multimedia such as (statistical charts, photos, videos, and other attachments, etc.), maintaining a permanent
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link of extent, layers, and share options via QR-Code, printing to the same defined layout as GIS desktop, metadata
access, Themes readily available with thematic layers, data search and metadata catalogs, etc.

Figure 8 Use of the Web GIS for the post-disaster management – hailstorm

RESULTS
In response to input data as the initial polygon, the points selected in random form, and all this developed process in the
background come out with a series of quick results. For these results, web services are built where in real time they will
be published on the web GIS. What different results derived from these data can be presented between the Web GIS
application, not excluding the creation of specific functions for creating specific reports. Within this paper, cases of hail
storms were discussed as events dated 2017-05-24 and 2016-07-02. The storm hail event of 2017-05-24 has caused
damage to an area of 2817 ha. Damage to more than 5% of grape production and vineyard vegetation were caused at
677.35ha. These results are achievable in the web GIS by clicking on specific attributes. In Figure 9 we are presenting
some cases e.g. a) Identification in a given area and presentation of results for damages in that area; b) Identification of
certain properties and presentation of results around all damages in the specific vineyards and their varieties.

Figure 9 some result published in web GIS
These results are also processed in real time based on the scale of the damages and the data collected with the ODK data
collection application. In addition, all farmers list affected by the damage caused by hail along with details about
vineyards and varieties can be browsed through this web GIS application.
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Figure 10 Vineyard and variety result damaged by hailstorm event

CONCLUSIONS
With the advancement of information technology and increased use of equipment like smartphones (44% of World
Population have Own Smartphones in 2017 (Sui, 2017)), the need for many online services has increased. One of them
is services for farmers in the event of various damages caused by nature. Web GIS applications have proven to be quite
usable and provide support in different situations, especially in decision making. During this research on the creation of
GIS web and methodology we can conclude that in assessing damages after disaster rather will depend on the collection
of data on the ground, regardless of the fact that data collection is also greatly simplified but still remains time
consuming. Such a web GIS will enable other more accurate analyzes in predicting and undertaking concrete steps for
the protection of agricultural culture, especially viticulture, from damage caused by hail storms and to create a risk map.
In addition to these web GIS benefits can be used to publish early warning of disaster from hail and through it to advise
farmers for the type of treatment and what recovery to do in vineyards after disaster. Farm advisories and notifications
can be made quite accurately specifying what treatment would be needed for a certain degree of damage.
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Abstract
Atlas mapping is one of the priority directions of modern cartography. At the last time, atlas information systems, GIS
atlases are actively used, geoportal solutions use for creation of different reference and search systems. The
implementation of geoinformatic and web-technologies open new prospects for creation and using atlases in traditional
paper and electronic forms. At the present time the concept of automated creation of atlases is developed in Moscow
State University of Geodesy and Cartography. It focuses on automatization of most labor-intensive processes of atlas
mapping. One of fundamental stage of creation any atlas is the definition and development of atlas structure. Atlas
structure is a composition and sequence of placement of atlas sections, their framework and location of maps in them.
In the article, the authors consider ways to solve the automation of determining the structure of an atlas.
Keywords: atlas mapping, atlas structure, GIS atlases, geophysical maps, cartographic databases.

INTRODUCTION
One of the priority ways to development of cartography is atlas mapping. At the last time, atlas information systems and
GIS atlases are actively used in mapping, geoportal solutions use for creation of different reference and search systems.
The implementation of geoinformatic and internet-technologies open new prospects for creation and using traditional
paper atlases and atlases in electronic forms. For example, GIS atlases may include large amounts of data and give to
user interactive control of atlas content in web [1]. Nevertheless, the current studies in atlas mapping are mainly
devoted to the results and prospects of creating single atlases, to the development of atlases as independent cartographic
works of various subjects and on a certain territory, and don’t address the issues of automatization the processes of atlas
creation in general sense.
At the present time the concept of automated creation of atlases is developed in Moscow State University of Geodesy
and Cartography. It focuses on automatization of most labor-intensive processes of atlas mapping, among which is the
automated definition of the atlas structure.

THE ATLAS STRUCTURE: GENERAL INFORMATION
The definition and development of atlas structure is a fundamental and laborious stage in the creation of any atlas. In the
narrow sense, the atlas structure is the composition and sequence of atlas sections placement, their framework and
arrangement of maps. Sections of maps can be represented by series of maps, their sets, systems of maps with different
scale, content, and types [2]. The atlas structure can be different depending on the content and purpose of atlas.
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Geographical atlases have the same type of content and established, hierarchically ordered structure [3], which allows
dividing the atlas into component parts, e.g. the Geographic atlas of World (3rd edition, 1999) can be divided by next
sections and subsections: 1. The World – introductory section. 2. Russia, continents, oceans – general maps.
2.1. Regional maps: 2.1.1. Subsections (1 order) – regional geographic maps. 2.1.2. Subsections (2 order) – detail
geographic maps [4].
Thematic atlas structure is very individual [3]. The order of mapping area is organized with principle of the hierarchy of
territorial coverage, and a set of maps is within each territory (section). Complex atlases provide systematic information
about mapped area. Components (sections) of complex atlas traditionally form groups of maps of nature and socioeconomic maps, which in turn are divided into subsections or themes. In this case, the number of maps in the atlas and
their content depend on the geographical features of region, its degree of study, availability of materials for creation,
possibility of their cartographic use [5]. The definition of necessary sections and optimal list of maps in each section is
the main task during development of complex atlas structure.

SOLUTIONS FOR AUTOMATED DEFINITION OF ATLAS STRUCTURE
The use of a unified system of classification and coding of thematic maps
Often the atlas creators are limited to choosing a small number of maps in thematic sections, which significantly
reduces the completeness of atlas content as a whole. For example, a geophysical section in atlases, as a rule, is limited
to maps of two or three geophysical fields (e.g. gravitational, magnetic field and field of study), which leads to
insufficient information content of this section of atlas [1]. Meanwhile, the use of a single, detailed and modern system
of classification and coding of thematic maps will provide a systematic and unified approach to the development of
structure of complex and thematic atlases. It will expand the subject of maps and structure the sections of atlases in
accordance with the current level of development of a specific thematic way.
Today the existing classifications of maps are disjointed. There are contradictions for some thematic sections, there
haven’t been detailed classification taking into account the variety of types of maps. It is necessary to study maps of
nature and socio-economic maps, to form a single database containing the most detailed classification of thematic maps,
the scale mapping levels for each map and the relationship of the map with atlas sections.
It is proposed to use a new classification and coding system for geophysical maps [6], reflecting the completeness of
their content and current state. The classification is based on the facet method, which implies the separation of a set of
geophysical maps into independent classification groups for the allocated grounds (Figure 1).

Figure 1. The system of classification and coding of geophysical maps [6]
The following approaches and criteria are taken into account when developing the classification:
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•

Nature of mapped field – the criterion is used for subdivision of exploration geophysical research methods,
and, as applied to the classification of maps, determines the presence maps of gravity, magnetic, electric,
seismic, thermal, radiometric fields, and other fields which studied in other geophysical disciplines and related
sciences.

•

Genesis of mapped field – it provides for the division of maps of natural fields (fields that exist independently
of human activity, e.g. natural magnetic and gravity fields) and maps of artificial fields (fields that produce by
processes of exploration and anthropogenic activity, e.g. seismic and noise fields, etc.)

•

Accessory of mapped field to the part of geosphere – the criterion takes into account the existence of specific
methods for studying fields in different part of geosphere. For example, aurora maps and maps with results of
magnetic survey will belong to different categories according to this criterion, because they are the result of
observing the magnetic field in different part of geosphere (in the ionosphere and in the lithosphere,
respectively).

•

Degree of transformation of mapped field information – it takes into account the quality of information which
used to compile the map. A distinction is made between the primary (original, initial), the derived (obtained as
a result of mathematical operations on the initial data) and the generalized (obtained as a result of a complex
analysis and generalization of factual data, e.g. study map, zoning map) degree of transformation of
information about mapped field.

Database of geophysical map themes was compiled based on the analysis of geophysical mapping experience. It
contains currently more than ninety items. Each map is assigned an identification code in accordance with the
developed coding system. For example, the code of isochrones map (map that characterizes the observed time of
passage of an artificially induced seismic wave in the earth's crust) has the following form: 4 – seismic field, 2 –
artificial genesis (induced by exploration), 4 – accessory of field to the earth's crust (lithosphere), 1 – primary
transformation of information (observed values). Also optimal scale mapping levels and priority sections of the atlas,
into which the map data should be placed, were determined for each map. The developed database allows in an
interactive mode to define the need to include a particular map in atlas of a certain scale and theme. Thus, the
information collected in process of creation of unified system of classification and coding makes it possible to carry out
an automated determination of the number and subject of geophysical maps in the design of geophysical section of
complex atlases. This approach may be used for each thematic group of maps.
Table 1. The part of encoding database for themes of geophysical maps (e.g., maps of gravity field)
Map name

Code

1

2

3

Gravity

Field

Scale mapping
levels
4
Smaller
1:1 000 000
1:50 000 –
1:1 000 000
1:50 000 –
1:500 000
1:50 000 –
1:500 000

Atlas section
5

Earth gravity field maps (based on satellite missions)

1121

Anomalous gravity field maps (based on air gravity survey)

1122

Anomalous gravity field maps (based on sea gravity survey)

1132

Second derivative of gravity field potential maps (measured by
a gradientometer)

1141

Gravity anomaly maps (Bouguer, free-air anomaly)

1142

Gravity gradient maps (horizontal, vertical, full)

1142

Maps of local and regional components of anomalous gravity
field

1142

Maps of gravity field derivatives (first, second, higher order)

1142

Maps of study of gravity field

1143

Smaller 1:50 000

Geophysics, Geology,
Nature

Zoning maps of gravity field

1143

1:50 000 –
1:500 000

Geophysics, Geology

1:50 000 –
1:50 000 –
1:500 000
1:50 000 –
1:1 000 000
1:50 000 –
1:500 000

Geophysics
Geophysics
Geophysics
Geophysics, Geology
Geophysics, Geology,
Nature
Geophysics
Geophysics, Geology
Geophysics, Geology

Formation and use of the reference and search system of studied atlases
The formation and use of the reference and search system of studied domestic and foreign atlases will allow for the
development of atlas structure to take into account the experience of atlas mapping in a given territory, and identify the
most requested sections and themes of maps. It is contain information about atlas structure, as well as a list of general
geographic and thematic maps.
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At present, the system for searching and storing of studied maps and atlases has developed in MIIGAiK, using the
cartographic fund of the Cartography department. An important part of any cartographic fund is made up of atlases and
their contents in the form of maps of different scales, themes, territorial coverage. It is necessary to take into account the
belonging of maps to the atlas and their place in the atlas structure, and it isn’t required to maps, which represent
individual works. An additional table was created to solve the task of describing map's belonging to the atlas. The table
stores general information about atlases: atlas identifier, atlas name, number of pages, format, country and city of
publication, publisher, year of publication, purpose. Also the table has a spatial field which storing the polygon
corresponding to the full coverage of the atlas. The spatial field helps to find atlases on a spatial basis. Data about maps
of the atlas are stored in another table, which contains information about both independent maps and maps from atlases.
The connection between the atlases and their maps is based on the atlas ID, which is recorded for each map. Thus,
atlases contain two levels of coverage: the coverage of the atlas in general and the coverage of each atlas map [7].

a)

b)
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c)
Figure 2. The geoportal of cartographic fund of Cartography department of MIIGAiK (а – Maps of «Europe» section of
Teacher Geographic atlas (1983), b – Search by attributes of maps of Bashkir ASSR (1976), c – The combination of
spatial and attributive parameters
The search of atlases and their maps is realized with the help of geoportal technologies. Depending on the type of
information representation in the atlas, the technology of map search is different. So the geographical atlas presents a
systematized collection of maps on different territories, different scales and coverage. Therefore, it is convenient to
search for information on a single cartographic basis, on which polygons of atlas maps will be drawn (Figure 2a).
Complex regional atlases show one cartographic area on different thematic maps. The territory is defined in the name of
the atlas, so the search is carried out primarily on the attributes of the maps (Figure 2b). Initially, the atlas is selected
from the general list of atlases, after that the table with information on each map of atlas is displayed. For the thematic
atlases it is typical to grouping of thematic maps on the territorial position. Therefore, it is advisable to search for maps
of atlases by combining spatial and attributive parameters (Figure 2c).
It should be noted that for the development of atlas structure one reference-search system is not enough, because for a
number of thematic maps there are no established sections, their names and composition of maps, and similar research,
aimed at systematizing the themes of maps, are few.

Definition and formalization of factors affecting the inclusion of particular section or separate map to
the atlas
The decision to include a particular map / section to the atlas depends directly on the specificity of the mapped
phenomenon, its distribution within study area and its significance for obtaining a general characteristic of territory. Of
course, it makes no sense to include to atlas a map of phenomenon, distribution of which is insignificant within the map
area. Therefore, the definition and formalization of factors that affect the inclusion to atlas of a specific section or a
separate map avoids artificial enhancement of the completeness of the atlas content.
Factors for including a map / section can be conditionally divided into general and private. General factors include
coverage of mapped space, purpose of atlas, its theme, format and mode of use [3], type of atlas (general geographic,
thematic, complex). Private factors directly characterizing the mapping phenomenon are the most diverse and should be
determined for each topic separately. For example, the decision to include a geophysical map into complex regional
atlas is most affected by the following factors:
•

diversity degree of geophysical field anomalies;

•

character of relief;

•

mineral distribution;
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•

position of territory in relation to seismic activity areas;

•

others.

To take into account these factors, various sources might be used, including published maps and atlases, digital
elevation models, geological and geophysical open data, cartographic databases, etc. These materials are the initial data
for modeling the assessment of need to include a map into atlas. The essence of modeling is to create map of classes for
each factor, where the entire range of values is divided into several categories, and the joint analysis of these classes
maps. For example, in order to take into account the diversity degree of geophysical field anomalies, it is possible to use
prepared maps of the field variability with the identification of regions with weak, moderate and strong variability, and
to account the distribution of minerals – to use prepared maps of mineral deposits density.
Evaluation of the need to include the map / section of atlas is carried out either as a result of an overlay analysis of
factor maps (where each factor is considered equivalent), or as a result of using the weighted values method (where
different factors influence is taken into account). The decision to include the map / section into atlas will be made based
on how variable the values of the resulting intersection areas are, or on the basis of how widespread the regions with
increased factors are.
Thus, to integrate accounting of such factors with respect to any thematic maps, it is advisable to get information from
existing atlases maps, since both general and private factors has a fairly well-defined distribution in space and they are
presented in an easy-to-analyze cartographic form.

Accounting of study degree of mapped object and phenomenon
The study is a special factor that determines the general expediency of mapped object and phenomenon. It characterizes
the availability of data sources for mapping. Consider the analysis of mapped object and phenomenon study on the
example of geophysical fields.
As the main source of data, it is expedient to use geological and geophysical materials available in open use, including
GIS atlases [1]. Information about geophysical study is often presented in the form of cartographic materials (maps,
cartograms) or study schemes, which show the contours of the survey (Figure 3).

Figure 3 – Scheme of geophysical study of Khanty-Mansiysk Autonomous Okrug – Yugra
(GIS atlas «Subsoil of Russia») [8]
Information about the study can be treated as one method of geophysical exploration (e.g. maps of the study by
aeromagnetic survey), and to several methods (e.g. maps of the study of gravity and magnetic survey). The belonging of
spatial boundaries to a certain method of exploration, as well as the subdivision of surveys in terms of scale, accuracy,
year, and other parameters, is indicated by the color of contour or by internal shading or filling. The combination of
several parameters on the map causes the use of a large number of graphical variables to ensure a separate perception of
objects and makes it difficult a visual assessment of phenomenon.
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Picture 4 – Dynamics of the density of gravimetric observations
in territory of the KhMAO map
In order to automate the decision to include a single map into
atlas with taking into account the degree of phenomenon study,
the most optimal way of showing the study is the isoline
method. Figure 4 presents the author's map «Dynamics of the
density of gravimetric observations in territory of the KhantyMansiysk Autonomous Okrug». The density of gravimetric
observations, calculated from open data, is displayed in layered
color. The isolines of the density of study objects make it
possible to estimate the quantity and quality of surveys [9], as
well as the overall degree of study of the territory. According to
the map, in the greater part of the territory of KhMAO, there are
observed higher density of observations, which allows us to
conclude that the map of the gravity field must be included in
the geophysical section of the atlas. In addition, such series of
maps can be included in the atlas as independent series of maps,
which allows significantly expanding the composition and
increasing the information content of geophysical section of
atlases.
Figure 5 – Map «Finland, Sweden, Norway,
To formalize the accounting of the phenomenon study for each
Denmark, Iceland. Physical map». Teacher
subject of maps, a database of basic and additional data sources
Geographic atlas, 1983. [10]
should be developed. The database should contain the source
data, source for their receipt, date of updating, key indicators, etc. The database, firstly, will allow determining the
general state of the phenomenon study, since the more sources of information about the phenomenon are available, the
more likely it is to map it to provide an integrated assessment of the territory. Secondly, on the basis of the database it is
possible to provide access to information sources and to compile an analysis density map in an automated mode and use
it for the final decision to include the map into the atlas.

Development of methods for definition of possible combinations of territories
During developing thematic and geographical atlases, the actual problem is to determine the optimal combination of the
territories (states) shown on the atlas pages, because it is impossible to display a separate territory on each page. This is
due to the difference in the size of territories and the need to compliance the scale multiplicity (the territories should be
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shown on the same scale or on a similar scale). Therefore, several countries are often shown on one atlas page
(Figure 5).
To determine the possible combinations of territories (states), it is necessary to consider the following factors:
•

Physico-geographical;

•

Economic-geographical;

•

International-economic;

•

Historical.

To formalize the choice of combinations of territories, it is necessary to determine the indicators for each factor, on the
basis of which it is necessary to create a database in which all possible pairs of states and their parameters are presented.

CONCLUSIONS
The problems considered in the article to automate the process of definition the list of maps of different types of atlases
will ensure the speediness of their creation and improve their quality. At present, the testing of the proposed solutions is
carried out using the example of creating complex atlases of certain regions of Russia and the geographical atlas of the
World. For regional complex atlases, first of all, the problems of developing sections of nature maps and socioeconomic maps on the example of geophysical maps and population maps, respectively, as characteristic representatives
of these sections are solved. In the future, it is planned to expand the subject of the maps under consideration, and also
the development of algorithms and software implementation for automation of listed problems will be provided.
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Abstract
The volunteered geographic information(VGI) becomes more and more popolar with the general public and scientific
community. In this background, OpenStreetMap (OSM) has developed rapidly as one of the most popular VGI projects.
As a kind of important elements on the web map, Points of Interest (POIs) play an important role in the navigation and
other fields. However, the data quality of POI in OSM can vary strongly.In order to find out the spatial heterogeneity of
the POI quality in OSM, in this paper,we analyse the data quality of POIs in OSM from three aspects: positional
accuracy, data completeness and topological consistency at first. And then we explore the relationship between the data
quality of POIs in OSM and the local characteristics based on geographically weighted regression(GWR), and to find
out the main influence factors of POIs quality in OSM. The results show that the distribution of data contributors plays
an important influence on the data quality of POIs in OSM. Besides, from the data completeness of POIs, it can be find
that the OSM is still new thing in China and it may be need more contributors to enrich the OSM data in China.
Keywords: OpenStreetMap, POI, Data quality, Spatial heterogeneity

1. INTRODUCTION
With the development of Web 2.0 and the advanced technologies of positioning embedded in mobile devices, citizens
are able to act as sensors by contributing geographic information. In this background, volunteered geographic
information (VGI) which is coined by Goodchild (2007) allows the public to create, disseminate and assemble
information (loaction and property) for the geographic entities. As a new way of collecting geographic information,
the VGI has the advantages of good real-time, rich details, extensive coverage, freely data acquisition and accessible
relative to the traditional geographic data acquisition. However, because the VGI data mainly comes from the uploading
by different volunteers or the importing of other geographic data sources, besides it is no strict data quality controlling
methods, and there are often malicious, repetitive or low precision data. Therefore, compared with the data produced by
professional departments, the data quality of VGI is uncertain and has become a bottleneck restricting the widely
application of VGI data.
As one of the most famous VGI projects, the OpenStreetMap (OSM) gians increasing the popularity with the general
public because of its fee and open source. Everyone can download and use the data of OSM. Besides, public can
contribute geographic information to the OSM after registration. The OSM has been evidenced to be a low cost source
to collectgeographic information effectively and timely. Consequently, the scientific community shows growing
interests in the application of OSM in various fields. However, there are also one serious issue which is the data quality
of OSM. These challenges are largely resulted from the mechanism governing the information about the data
contributing process and the fact that the contributors lack of professional training. Since the OSM data is contributed
by different volunteers, who use different methods of acquiring the geographic information and have different
professional knowledge backgrounds or spatial cognitive ability, resulting in the uncertainty of the data quality of OSM
in different regions.So it is difficult to guarantee the data quality of OSM. But the data quality is an important criterion
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to determine whether or not the data can be used for the specific tasks. Therefore, it is an great significance to to study
the data quality of OSM.
As the important elements in the OSM, Points of interest (POIs) describe the most common places of interest for any
user of geographic information in the daily life, such as bank, supermarket, school, bus stop, gas station, hospital and so
on. POIs data are the important elements expressing on the web maps or mobile maps. The accuracy of position and
richness of attribution for POIs have an important influence on the accessable of maps. In addition, POIs data are also
widely used for the population analysis(Bakillah et al.,2014), user-centric wayfinding(Quesnot etal.,2015), land use
mapping and urban analysis(Jiang et al.,2015). In those fields, the quality of POIs data has important effects on these
analysis results.
In this paper, we focus on the POIs data in OSM, comparing and analyzing the data quality of POIs, and to find out the
spatial heterogeneity of the data quality of POIs in different regions. Besides,we also explore the relationship between
local characteristics and the quality data of POIs in OSM in different regions. The remainder of this paper is structured
as follows: Section 2 reviews the previous related studies. Section 3 provides the overview of the methods and the data
used in this paper. Section 4 analyses and discusses the data quality of POIs in OSM and its spatial heterogeneity.
Finally, in Section 5, the paper provides conclusions and prospect of the next step work.

2. RELATED WORKS
When attempting to assess the data quality of OSM, it needs to be cognizant of the particular data collecting process. In
contrast to official geographic data, the OSM data is created by different volunteers and lacks of the information of data
quality. Volunteers may be use different ways to collecting the geographic information , such as by GPS receivers,
smart phone or tagging the location based on the open remotely sensed images. So the different ways of collecting
geographic information result in the uncertainty of the data quality of OSM. However, because of its open source,
free use or other advantages relative to official data, it has been attracting many attentions and research works on the
data quality of OSM. These studies can be divided into two types. The first type is that assessing the data quality of
OSM by comparing to a reference dataset which is assumed to be of highest quality standards and used as the ground
truth. And the other type is that do not use the reference dataset and assess the data quality of OSM by the intrinsic
data characteristics based on the data history of OSM(Jonietz et al.,2016;Touya et al.,2017). Besides, the data quality of
traditional geographic inforamtion has been assessd from different aspects: positional accuracy, attribute accuray,
currency, completeness, logical consistency, lineage and so on. These data quality indicators can be suitable for the
traditional spatial data produced by the professional surveying and mapping departments on the whole. However, the
OSM data lacks the metadata and the standards on data quality compared with the traditional spatial data. So the data
quality indicators of traditional spatial data should be redesigned for the OSM data.
For the spatial heterogeneity of OSM data quality, several studies have associated the VGI data quality with various
demographic indicators and economic status. Haklay (2010) discovered that the data quality of OSM presented higher
in the densely populous urban areas than the rural areas. Mullen et al (2015) pointed that the associations between
OSM data quality and population characteristics. The geographical data generally presents autocorrelation in space
extent, so the methods of ordinary least squares regression (OLS) and geographically weighted regression (GWR) have
been used to analyse the relationship between OSM data quality and local characteristics. and the OLS generates the
global relationships, which remain constant over the space, and the specific relationships of local areas may possibly be
hidden. However, the GWR can produce a series of spatially vary coefficients and help to understanding the local
phenomena which can solve the problem hidden by the method of OLS analysis. In this paper, we assess the data
quality of POIs in OSM and analyse its spatial heterogeneity. First, assessing the data quality of POIs in OSM based on
the reference dataset from the aspects: positional accuracy, completeness and topological consistency. And then,
analysing the relationship between the data quality of POIs in OSM and local characteristics which is including the
population density, economic status, the distribution of volunteers and so on.

3. DATA AND METHODS
3.1 Data acquiring and processing
The OSM is one of the most popular VGI project that volunteers can cooperate to create a detailed and free geospatial
database. A variety of methods are available for volunteers to create and share the spatial data with OSM, including
records from portable GPS devices, local knowledge sharing, importing free spatial data and interpreting geographic
information from remotely sensed images. The OSM data consists of three primitives: nodes, ways and relations.
Nodes are point-based and used to represent either individual points or the parts of a way. Ways are used to represent
either linear or polygon entities. Relations are used to represent logical collection of nodes, ways or other relations.
Besides, all the three primitives can be attached the tags using the key:value to represent the attributes of the
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represented geographic entities. OSM provides an Application Programming Interface(API) that enables access to the
OSM data which includes the geographic data , the information of volunteers, individual features and data version.
For this study, OSM data is downloaded for the case study areas of Beijing and Xian in China (as Figure 1 shows)
through the website of Geofabrik (http://download.geofabrik.de/). And then, the reference dataset of POIs is
downloaded through the third party API of Baidu Service (http://www.poi86.com/). Besides the road dataset,
economic dataset and population dataset is downloaded from the Data Center for Resources and Environmental

Sciences,Chinese Academy of Sciences (RESDC) (http://www.resdc.cn ). And all the data are reprojected to the
WGS84 Coordinate System, Gauss Kruger 3 Degree Projection. Besides, the OSM data and the reference dataset
are used to assess the data quality of POIs in OSM by matching the same entity in the both datasets.And other
three datasets are used to analyse the spatial heterogeneity of POIs data quality in OSM, which is measured by the
relationship between the POIs quality and the local characteristics.

Figure 1. The study area:(a)Beijing (b) Xian

3.2 Data quality analysis of POI based on reference dataset
POI is one important part of web map and represents the geographical entities in the real world. POI data generally
contains the basic information such as the name, classification category, location coordinates (latitude and longitude),
address and other information. In this paper, the analysis of POIs quality in OSM is based on the reference dataset. The
comparison of two datasets (OSM dataset and reference dataset) supposes that homologous features (i.e., features
representing the same object in the real world) are first identified. This process is referred to as data matching.
POI data matching is the process of matching datasets from different sources by identifying the same POI element, and
In the traditional sense, the data matching is more related to the fusion of multisource data. Through the matching of
different datasets, the data of different sources are fused to generate a dataset containing more information. The process
of data matching can be divided into two types: manual matching and automatic matching. Manual matching has a good
effect on data matching within the small areas, but for large range of areas, artificial errors will inevitably occur because
of the long time manual data matching, which reduces the accuracy of matching results. The automatic matching is
more suitable for large scale data matching, but the data structure and the rules of matching have important influence on
the correctness of matching results. Combined with the characteristics of POI data in OSM, the mapping relationships
of POI classification category between the OSM data and reference data is firstly established. Then, combining the
name attribute measured by Jaro-Winkler distance and the spatial location measured by Euclidean distances between
co-referent point, the POI data is automatically matched, and the unmatched POI data is checked and matched by the
manual matching method. Finally, based on the matching results, the data quality of POI in OSM analysed from three
aspects: positional accuracy, data completeness and topological consistency as Figure 2 shows.
Positional accuracy has an important influence on the availability of POI data. In OSM, because of having different
professional knowledge backgrounds, using different positioning precision GPS embedded devices and the familiarity
with the data contribution area of data contributors, the positional accuracy of POI data contributed by different
volunteers are vary differently. Therefore, it is regarded as an important indicator of POI data quality in OSM. The
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positional accuracy is mainly measured with the matched POI data which is contained in both dataset and presents in
the Euclidean distances.
Data completeness represents the missing or redundant elements of geographical entities recorded in dataset. In this
paper, based on the matching results of POI data, data completeness of POI in OSM can be transformed into quantities
of POI data matching. By comparing the elements of the POIs between reference dataset and OSM dataset, we calculate
the redundancy and the missing of POI elements in OSM dataset and analyse the data completeness of POI in OSM of
different areas in which the data completeness is statisticed in each cell grids.
In this paper, topological consistency is mainly about the topological relationship between the POIs data and road
networks, because POI distributes along the road networks. Based on the POI matched results, the topological
relationship between the POIs in both dataset and the road network is calculated respectively, and then analysed
whether or not the relationship both of them is consistent.

Figure 2. The workflow to perform data quality analysis of POI in OSM based on Reference datset

3.3 Spatial heterogeneity analysis of POI quality based on GWR model
Different areas can have different data contributors and the data quality are very differently in OSM. In order to find out
the spatial heterogeneity of POI data quality in OSM, we analyse the relationship between the data quality of POI and
the local characteristics in different areas. Based on the geographically weighted regression (GWR) model, we select
five factors of local characteristics that may influence the data qulaity of POIs in OSM, including the distribution of
road networks, population density, per capita GDP, the distribution of OSM data and data contributors. As the Figure 3
shows, using the five influence factors, we analyse the relationship between them and the three data quality indicators
of POIs in OSM respectively: positional accuracy, data completeness and topological consistency.
GWR model extends OLS model by incorporating the spatial dependence, the spatial scope of which is determined by
the kernel bandwidth. The relative weight of the samples within the spatial scope is determined by a Gaussian distance
decay function, assuming that nearer samples have greater inﬂuences (Brunsdon et al., 1998). Besides, GWR is highly
sensitive to the kernel bandwidth. Global relationships would be produced by coarser bandwidth, resulting in higher
spatial stationarity. Conversely, very small bandwidth would generate rather localized estimations (Su et al., 2014). And
the Akaike Information Criterion (AIC) (Akaike, 1974) and adjust R2 are used to describe model performance. Lower
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AIC and higher adjust R2 values indicate better model performances (Fotheringham et al.,2002). The signiﬁcance of the
comparisons is quantiﬁed by the F-test (Fotheringham et al.,2002). Finally, the GWR is implemented in the GWR 4.0
software in this paper.

Figure 3. The illustration of spatial heterogeneity analysis of POI quality based on GWR model

4. RESULTS AND DISCUSSION
4.1 General description of POI quality
In this paper, we analyse the data quality of POI in two areas: Beijing and Xian. Based on the reference dataset, the
POIs of OSM in both case study area firstly are conducted the data matching of POI in order to find out the co-point
between OSM dataset and reference dataset. After the data matching of POI, we get the data matching result. And then,
Based on the matching results, we assess the data quality of POI in OSM from positional accuracy, data completeness
and topological consistency. In Beijing area, the number of POIs in OSM dataset and reference dataset is about10
thousand and 640 thousand respectively. And in Xian area, the number of POIs in OSM dataset and reference dataset is
about 2 thousand and 210 thousand respectively. And the matched POIs in Beijng and Xian are 4 thousand and 1.2
thousand respectively by Combined the automatic and manual data matching methods.
Using the cell grids in 1km2 to dividing the study area and counting the matched POIs, unmatched POI in the each cell
grid, we analyse the positional accuracy, data completeness and topological consistency of POI in OSM respectively,
the results is as the Table1 shows.From the results, we can see that the POI in OSM mostly distribute in the centric both
for Beijing and Xian city. And in some area, there are no the POI data of OSM. Based on the matched POI data, we can
find that the positional accuracy is vary in different areas for both cities. As the topological consistency of POI remains
relatively consistency in the both cities.In the overall, The topological consistency and positional accuracy of POIs in
OSM remains relatively well in the centric area of cities: Beijing and Xian. And in the rural areas the data quality
relatively lower. Besides, the data completeness of POI in both cities is very lower relative to reference dataset which
may be that there is no enough data contribution or few contributors.
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Table 1. The POIs quality of OSM in Beijing and Xian
Data Quality

Beijing

Xian

Data
completeness

Positional
accuracy

Topological
consistency

4.2 Spatial heterogeneity of POI quality
In order to find out the spatial heterogeneity of POI data quality in different areas and analyse the main factors which
results in the data quality of POI in OSM varying in different areas, We try to explore the relationship between the data
quality of POI in OSM and the local characteristics. First, we select the local characteristics from five aspects: road
distribution, population density, per capita GDP, the distribution of OSM data contributors and OSM data. Besides, road
distribution, population density and per capita GDP are downloaded from the Data Center for Resources and
Environmental Sciences,Chinese Academy of Sciences (RESDC) (http://www.resdc.cn ), and the distribution of
OSM data contributors and OSM data are extracted from the OSM data. And both of them are sampled in the 1km2
cell grids. The local characteristics show in the Table 2.
After getting the information of the local characteristics for both cities: Beijing and Xian . Besides, we also get the
results of the POIs data quality : positional accuracy, data completeness and topological consistency. Based on the
GWR model, we calculate the data quality of POI in OSM and the local characteristics, and the results of calculation
show in the Table 3. From the results , we can get that data completeness is related to road distribution, population
density, per capita GDP, the distribution of OSM data contributors, and positional accuracy is related to road
distribution, population density, per capita GDP, the distribution of OSM data contributors and OSM data, and
topological consistency is related to road distribution, the distribution of OSM data contributors and OSM data. Besides,
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the distribution of OSM data contributors plays a important role on the data completeness, positional accuracy and
topological consistency. And the influence of population density and per capita GDP in the local area are not obvious.
Table 2. The local characteristics in Beijing and Xian
Local
characteristics

Beijing

Xian

Road
distribution

Population
density

Per capita GDP

OSM data
contributors
distribution

OSM data
distribution
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Table 3. Coefﬁcients of the geographically weighted regression forBeijing and Xian
Dependent items

Data
Completeness

Positional
Accuracy

Independent items

GWR coefficient of Beijing

GWR coefficient of Xian

Road
distribution

0.001~0.027

0.008~0.034

Population
density

0.013~0.034

0.016~0.082

0.0006~0.0024

0.0039~0.048

OSM data contributors
distribution

0.4~1.31

0.05~1.81

Road
distribution

0.02~0.067

0.04~0.087

Population
density

0.013~0.034

0.009~0.041

0.0028~0.032

0.0031~0.025

0.04~0.69

0.05~0.96

0.003~0.0071

0.002~0.0068

Road
distribution

0.001~0.005

0.0014~0.0057

OSM data contributors
distribution

0.003~0.079

0.006~0.089

0.0071~0.035

0.002~0.0091

Per capita GDP

Per capita GDP

OSM data contributors
distribution
OSM data distribution

Topological
Consistency

OSM data distribution

4.3 The model performances
In order to find out the model performance which is used to analyse the relationship between the data quality of POI in
OSM and the local characteristics, we check the Akaike Information Criterion (AIC) and adjust R2 to describe model
performance, and the signiﬁcance of the model by the F-test. The statistic information is as the Table 4 shows. From the
table, it can be find that the p value is lower than 0.01 in the F-test for all the model results. And the adjust R2 values
almost all greater than 0.5, indicating that the model performance better. By the GWR model, it can be used in different
cities for analysing the relationship between the data quality of POI in OSM and the local characteristics.
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Table 4. Summary of model performances in Beijing and Xian
Study area

Beijing

Data quality

AIC

R2adj

F test

Positional Accuracy

3945

0.78

p<0.01

Topological consistency

2871

0.65

p<0.01

Data Completeness

2681

0.67

p<0.01

Positional Accuracy

1032

0.49

p<0.01

Topological consistency

2651

0.64

p<0.01

Data Completeness

1586

0.77

p<0.01

Xian

5. CONCLUSIONS
This paper analyses the data quality of POIs in OSM from three aspects: positional accuracy, data completeness and
topological consistency based on the reference dataset. From the experiments, we can find that the data completeness of
POI in OSM is very lower both in the study area of Beijing and Xian, and the positional accuracy and topological
consistency of POIs in OSM remain more well in the centric of cities than the outer of cities. In order to find the reason,
we conduct the analysis of the relationship between the data quality of POIs in OSM and the local characteristics, and
design the model based on the GWR. Besides, we find that the distribution of data contributors in OSM has a great
influence on the data quality of POIs in OSM, However, the population density and per capita GDP has not very
obvious influence on the data quality of POIs in OSM. It can be that the contributors distribution is the main factor
influencing the the data quality of POIs in OSM at our experiment.
In this paper, we just conduct the analysis of POIs in Beijing and Xian of China. In the next step work, it can conduct
the experiment for the cities in Europe, such as London and Berlin. Besides, it can be considered to add other local
characteristics to analyse the relationship between the data quality of POIs in OSM and the local characteristics, finding
out the truely main influence factors.
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DATA: QUALITY ASSESSMENT OF RASTER TILED WEB MAPS
FOR SMART CITY SOLUTIONS
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Abstract
Interactive maps are an important component of Smart City solutions. Most of map services rely on Raster Tiled Web
Maps (RTWM). Despite of high popularity of interactive maps, the RTWM quality assessment problem remains
unsolved. Two main reasons of this situation are as follows. First, commercial companies do not provide access to the
source vector layers and restrict massive access to raster tiles. Usually, they allow users to access raster tiled maps
only through official APIs. Thus, massive retrieval of web map raster pieces is prohibited. Second, ground-truth
reference datasets, in the most cases, are not available and expensive. In this work, an approach to automatic quality
assessment of RMWM is proposed. The approach is based on Canny edge detection algorithm. This algorithm enables
to extract edges from raster images. Extracted edges allow users to calculate quantity of information. The method was
applied for raster tiles of zoom level 19 in a pilot sites. OpenStreetMap and Google Maps tiles were evaluated. 55693
raster files were assessed two times in May 2017 and February 2018. HTML5 facilities provided by modern web
browsers and official APIs were used for development. Implemented solutions enable to estimate completeness of
information, positional accuracy and timeliness comparably. This approach will be utilized by a number of Smart City
solutions based on interactive web maps in tree pilot sites for decision making processes. The results of analysis will be
portrayed in a form of interactive web maps available for public access and will be a part of the Geo-Spatial Data
Repository (GSDR, https://wgn.gsdr.gq) for quality assessment of open data. GSDR is implemented as part of the
WeGovNow (http://www.wegovnow.eu/) web platform developed for a number of Smart City solutions in Europe.
Keywords: Data quality, Computer Vision, Big Data, Smart City, Tiled Web Maps

INTRODUCTION
The WeGovNow (WGN) project (Boella et al., 2018) can be considered as an e-Government smart city solution
integrating a number map-centered web applications designed to increase citizens’ involvement into government and
improvement of urban areas. Several applications for collaborative decision making support, on-line voting,
dissemination of initiatives and reporting/solving actual urban problems are developed and integrated into a holistic web
portal.
It has been decided to use OpenStreetMap (OSM) as a background map for all applications delivered by WGN. Thus,
OSM’s Raster Tiled Web Maps (RTWM) are intensively used by all WGN components. The most of applications are
map-centered. Most of time users see OSM tiles occupying almost whole screens of devices. Hence, it is extremely
important to assess the quality of OSM tiles.
Originally, some WGN components utilized Google Maps (GM) RTWM. GM remains, probably, the most popular base
web map. Today, the biggest players (e.g., Booking.com) build their services on a top of Google Maps. At the same
time, non-profit and government funded services are often relied on OSM.
It is important to know the quality of OSM RTWM in comparison to GM. It allows defining problematic areas on OSM.
Low quality of RTWM leads to problems with usability of the services. Only few works tried to resolve this problem.
This work introduces a prototype framework for automatic quality assessment of OSM tiles in comparison to GM.
In the frame of the WGN project, 3 pilot sites are considered: London (Southwark), Turin (Italy) and San Donà di Piave
(Italy). The areas of the pilot sites are too big for any king of a manual analysis. Therefore, a novel automatic approach
to comparable quality assessment of RTWM is proposed in this article.
The work is implemented as a part of Geo-Spatial Data Repository for quality assessment of WGN data (Noskov and
Zipf, 2018). In the future, the results will be delivered by GSDR.
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RELATED WORK
(Liu and Zhenghong, 2014) stated that aside from agreeing that smart cities are built on intelligent sensing technology,
and decision platforms characterized by the Internet of Things (IoT) and cloud computing, and that they enrich material
and cultural life and promote economic and social progress, practitioners and academics have not reached a clear and
uniform conceptual understanding of 'smart'. (Meijer and Bolivar, 2016) defines the smartness of a city as “ability to
attract human capital and to mobilize this human capital in collaborations between the various (organized and
individual) actors through the use of information and communication technologies”.
(Bertot et al., 2014) discussed the big and open data issues, policies and recommendations in the context of eGovernment. They specify several important questions actual for this paper. They noticed that Open Data are based on
the idea that certain kinds of data should exist beyond the limits of copyright, patents, censorship, or other parameters
often placed around data. In the considered work they define that Big Data are datasets that are extremely large and/or
complex, offering the possibilities of identifying previously impossible levels of insights, granularity of analysis, and
relationships between elements in the dataset. Big Data sets have become possible due to recent increases storage and
processing capacity, as well as increases in the number of devices collecting and sharing data. Big Data require three
key infrastructure ingredients: 1) a platform for organizing, storing, and making data accessible; 2) computing
technology and power that can process large-scale datasets; and 3) data formats that are structured and usable.
(Ciepłuch et al., 2010) proved that “there is very few peer-reviewed reports and articles which look to compare
OpenStreetMap with proprietary web mapping systems; this is potentially due in no small part to the difficulty of
accessing vector data from proprietary systems such as Google Maps and Bing Maps”. They propose a manual
approach for quality assessment. Many works devoted to comparison of OSM data with ground-truth reference datasets
(e.g., (Haklay, 2008)).
For the implementation of the main approach based on computer vision algorithms a Canny Edge Detection approach is
utilized in the frame this article (Canny, 1986; Sonka et al., 1999; Zimmermann, 2000).

SOURCE DATA
In the frame of the WeGovNow (WGN) project, OpenStreetMap (OSM) is utilized as a background map in all web
applications. Thus, it is necessary to assess the quality of raster tiles provided by OSM. Ground-truth reverence datasets
are not available in the frame of the project. Therefore, we decided to use raster tile data delivered by other providers
for comparable tile evaluation. Google Maps (GM) tiles are used for this. Google Maps is the most popular tile provider
for web maps. Thus, comparison of GM and OSM allows indicating problematic areas.
OSM RTWM are rendered from zoom level 0 to zoom level 19. Zoom level 19 provides the largest scale maps; tiles of
this zoom levels were used for quality assessment. Tiles in zoom level 19 have been assessed for the area of San Donà
di Piave. San Donà di Piave is a city and commune of province of Venice, Veneto, northern Italy. The city is one of the
pilot sites of the WGN project. The municipality of San Donà di Piave is deeply involved into the project. In Figure 1,
overview maps are presented. The left map represents a blue boundary of the pilot site. The right map depicts
considered OSM and GM tiles in zoom level 19.
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Figure 1. Overview maps. Left: a pilot site boundary (blue), small scale. Right: central points (black dots) of considered
tiles in zoom level 19, large scale.
An open source library, Tiles Common Framework (http://tiles.cf), has been utilized for tile processing. Tiles.CF
provides a number of useful functions required for working with RTWM. It supports tile-geographic coordinate
conversion, polygon-tile intersection definition, calculation geometry of a tile (central points, rectangle), quadkey
operations etc.
The area of the pilot site comprises 55693 tiles in zoom level 19. GM and OSM prevent batch downloading of big
amount of tiles. GM’s terms of use strictly forbid such operations. In order to resolve this problem and analyze all
requited files, an HTML5-based web application has been developed. The application uses official GM’s JavaScript
API with a developer’s key. All operations are implemented on-the-fly in a web-browser’s environment without saving
tiles to a disk. In order to prevent being detected as a bot, random intervals from 2 to 6 seconds were applied before next
tile obtaining and processing. Only one process was implemented. This allowed processing of all required tiles. A
backside of the applied solution is slow processing and required manual monitoring of execution; the implementation
took about 5 days.
The developed application is suitable for limited areas. One can conclude that the solution is not very applicable for
areas comprising more then 100000 tiles. It should be mentioned that anyone can render locally any OSM tiles. To the
best of our knowledge, most of proprietary web map providers, like GM, normally do not provide solutions to resolve
the described problem even for research purposes.
Tiles were accessed twice. The fist time is in May 2017; the second time is in February 2018.

FILE SIZE OF A RASTER TILE AS A QUALITY INDICATOR
The execution in a web-browser environment is reduced amount of applicable tools and libraries. Canny edge detection
algorithm written in JavaScript was applied. Because of execution in a web-browser and limitations of RTWM
providers, the performance of the developed solution is quite slow. As a result, the implemented algorithm is not very
suitable for large data (i.e., more then 100000 tiles). GM’s policy makes tiles analysis very problematic.
In order to speed up the analysis significantly, it was decided to add a preliminary faster preprocessing stage. It is quite
obvious intuitively that the size of a PNG tile reflects quantity of information delivered by a tile. Tiles have similar

298

Proceedings, 7th International Conference on Cartography and GIS, 18-23 June 2018, Sozopol, Bulgaria
ISSN: 1314-0604, Eds: Bandrova T., Konečný M.

widths and heights (256x256 pixels). Thus, if a tile has bigger size it provides more information. In other words, the
size of tiles can be used as data completeness indicator.
In Figure 3, tile updates from May 2017 to February 2018 are depicted. Tiles were compared by size. The same size
indicates unchanged tiles. Unchanged tiles are depicted by gray; updated tiles are green. According to the maps, OSM
provides more updates than GM.

Figure 2. Tile updates from 2017 to 2018. Green - updated tiles, Grey - same tiles. Left – OSM, Right - GM
Tiles were updated in city areas and around roads. Bigger roads are distinguished by the wider updated buffer around.
In general, the both maps are very similar. This indicates that the both maps do not comprise significant lack of data and
poorly mapped areas. GM and OSM were intensively updated and only unpopulated areas remained unchanged.
Moreover, the maps demonstrate effectiveness of proposed size-based analysis for evaluation of data timeliness.
In Figure 3, tile sizes in bytes are presented. Features were classified using the Natural Breaks (Jenks) algorithm. 10
classes are distinguished. All the following maps use the same approach to classification of map features. According to
Figure 3, one can conclude, that OSM provide recognizably more information then GM. A big red-yellow spot in the
center of the map shows high completeness of OSM data in comparison to GM. The red-yellow spot is much wider and
occupies almost whole area of the city.
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Figure 3. Size of tiles in bytes. Left - OSM, Right - GM. Grey - empty tiles. February 2018
In Table 1, overall file sizes are compared. The sizes of tiles were summarized according tiles providers and years. The
table allows comparing quantity of information. According to the table, the overall sizes of tiles in the considered pilot
site were slightly increased for OSM (+1.4%) and significantly for GM (+9.1%). That indicated improvement of GM
data completeness in the considered period. In comparison to GM, OSM tiles have bigger size (+57.3% in 2017 and
+46.16% in 2018). It should be mentioned, that the gap between providers was significantly decreased (ca. 10%) from
2017 to 2018. That is indicated significant improvement of GM data.
Table 1.OSM and GM overall file sizes comparison
OSM

GM

OSM/GM

May 2017

195984684

124626288

157.3%

February 2018

198682476

135936882

146.16%

2018/2017

101.4%

109.1%

Figure 4 represents a histogram of sizes of accessed tiles (both OSM and GM). It should be mentioned that the left part
of the histogram comprises mainly tiles providing low quantity information. The most of such tiles are empty or
comprise background patterns without boundaries of map features. These tiles can be indicated by groups of tiles with
the similar size. The distribution of tile with sizes more then 1500 bytes is decreased exponentially. Big size of tiles
represents high quality of data. In Figure 5, tiles with maximal sizes are represented. The upper row depicts a GM time
with maximal size. Two GM tiles are presented for 2017 and 2018. Additionally, a correspondent OSM tiles are shown.
From left to right (upper row) sizes are as follows (in bytes): 12901, 10780, 3889 and 3822. The lower row represents a
biggest OSM tile for 2 years in comparison to GM. From left to right (lower row) sizes are as follows (in bytes): 12014,
11935, 3091 and 3419. Note that the size of GM tiles (the lower row) was decreased; it is happened because removal of
a redundant (duplicating) road label. The upper row represents a shopping mall area. GM provides multiple POI and
good partitioning details, while the OSM tile depicts only one POI and quite poor partitioning details. In the lower row,
road infrastructure is mainly presented. OSM provides much richer geometric and semantic information then GM.
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Figure 4. Histogram of sizes of accessed tiles
1.GM.2017

1.GM.2018

1.OSM.2017

1.OSM.2018

2.OSM.2017

2.OSM.2018

2.GM.2017

2.GM.2018

Figure 5. Biggest size tiles: upper – GM biggest tile (coordinates 12.59754ºE 45.63972ºN) in comparison to OSM,
lower – OSM biggest tile (12.56321ºE 45.62628ºN) in comparison to GM

CANNY EDGE DETECTION BASED SOLUTIONS FOR TILES QUALITY ASSURANCE
As shown in the previous section, the size of raster tiles can play a role of a quality indicator. Simplicity and highperformance are the main advantage of size-based evaluation approached. The tile size can be used for rapid rough
inventory of tile data. In order to obtain a deeper insight into data quality, more complex approaches are required. In
this work, a Canny Edge algorithm based approach is proposed. The Canny edge detector is a filter, which detects a
wide range of edges in raster maps and produces thin edges as a raster map.
According to the equation for calculation of tile pixel sizes (Noskov and Doytsher, 2017), for the given pilot site in
zoom level 19 the size of pixels equals ca. 0.2 m. One side of a tile in pixels is 256 or ca. 50 m. The applied Canny
Edge detection algorithm requires the following parameters: low and high thresholds and sigma. It was defined
empirically that for all these parameters 1 pixel value can be applied.
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In Figure 6, it is demonstrated how the algorithm works. It generates a raster map comprising detected edges (depicted
by yellow). In order to utilize the generated edges in the future calculation and simplify the process, the raster edges are
converted to a vector format. Each pixel is converted to a point. Number of point represents quantity of information
delivered by a tile. Moreover, the points can be used to compare tiles delivered by different providers. To implement
this, OSM and GM tile edges were converted to points. Then, shortest distances from each point of an OSM tile to the
closest point of a GM tile were calculated. These distances are utilized for further calculations.

Figure 6. The Canny edge detector implementation (left – original tile, right - result)
Several measures for each tile are defined using shortest distances. Average, median and maximal shortest distances
were calculated for every tile. Moreover, the standard deviation of the shortest distances was calculated. It makes no
sense to calculate the minimal shortest distance, because in the most cases it equals 0. The selected parameters allows
estimating positional accuracy comparably. OSM data are mainly base on digitalized contours on Bing Imagery and
GPS tracks. The both ways may lead to low positional accuracy of map features. In contrast to this, GM tiles often rely
on accurate statutory data. Thus, comparison of OSM and GM contour allows indicating positional accuracy of map
features. It is not applicable for other types of accuracy. Moreover, the defined parameters provide an insight into the
shortest distance distribution in a tile.
The results of the calculation are utilized for building series of maps presented in Figure 7. Maps 1-2 depict a number of
extracted point. It can be used for comparable assessment of data completeness. In general, OSM provide more
information then GM. It proves applicability of the proposed (see the previous section) tile-size approach.
The maps 2-6 (Figure 7) depict average, median, maximal shortest distances between points of the two tile types and the
standard deviation correspondingly. Average and median values allows users to approximately evaluate positional
accuracy of the OSM data in comparison to GM. Blue rectangle indicates tiles with high accuracy. From the maps one
can conclude that in the most cases the positional discrepancies are up to 2 meters. It allows us to conclude that OSM
provides data, which are accurate enough for the considered solutions. The maps 5-6 allow estimating the applicability
of the parameters depicted by the maps 3-4 (average and median). Blue tiles represent higher applicability.
It should be mentioned that the further research and involvement of more pilot sites are required. Currently, only basic
and empirical analysis is conducted. Using the proposed solutions only comparable results could be obtained. Further
improvement of the framework is required.
As mentioned earlier, the implementation on the Canny Edge detection algorithm in JavaScript was utilized. Because of
imperfections of the implementations about 8% of tiles were not analyzed.
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1

2

3

4

5

6

Figure 7.1-2 number of extracted points. 1- OSM, 2-GM. Shortest distances statistics: average(3), median (4), maximal
(5) and standard deviation (6) values. 3-6 are in pixels (1 pixel is ca. 0.2 m.).
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CONCLUSIONS
This paper introduces solutions for automatic analysis of raster tile data. Results of such analyst are suitable for
comparable quality assessment of tile data. The two main stages are proposed. The first is based on tile size analysis;
the second utilizes computer vision algorithms.
The size-based analysis provides very promising results. Because simplicity and high performance, it can be applied for
large datasets. The approach allows estimating timeliness and completeness of tile data. Properties of the PNG format
enable to consider the size of a tile as a measure representing quantity of the information. Moreover, periodical tile
access make possible to indicate timeliness of data. The size-based analysis can be applied as a preliminary step.
In order to obtain advanced measures, computer vision algorithms are applied. Edges recognized in raster tiles are
extracted and analyzed. The calculated parameters enable to assess completeness, timeliness and positional accuracy
comparably in a more advanced manner.
The current implementation is relatively slow and not suitable for more than 100000 tiles. The edge detection
implementation is not perfect and requires further improvements. The proposed approach requires further verification
and improvement. More pilot sites should be involved.
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Abstract
WeGovNow (WGN) is a platform combining a number of e-Government web-map based services. The platform is
designed to increase citizens’ involvement into government of urban areas and collaborative decision making
processes. Data quality is one of the most important factors for success of e-Government solutions. A data quality
concept for the WGN platform was developed. In the frame of the platform, ground-truth reference datasets are not
available. Thus, data quality is assessed intrinsically and comparably. OpenStreetMap (OSM) is a base map for all
WGN components; Open Data spatial layers are provided by municipalities. OSM data quality is assessed for tiles;
quality of Open Data provided by municipalities is evaluated in comparison to OSM data with defined quality.
Additionally, OSM and Open Data with defined quality are utilized to improve users’ input. Currently, the following
tools for users’ input improvement are available: auto completing, spell checking, auto snapping, and object picking.
Keywords: Data Quality, E-Government, Web-Map Services, OpenStreetMap

INTRODUCTION
In contrast to regular e-Government solutions, e-Government Web-Map based services provide map-centered
functionality. Users expect high quality of data involved in such services. In the real world, services use available data
with various quality. The aim of this work is to develop the concept and instances of a web service stuck to the existing
e-Government web solutions for data quality assessment, improvement and visualization. The name of the proposing
web service is Geo-Spatial Data Repository (GSDR). The service (Noskov and Zipf, 2018) is accessible by the
following link: https://wgn.gsdr.gq/. In order to easily memorize the link, the web service can be described as "GeoSpatial Data Repository for Grand Quality".
GSDR is developed in the frame of the WeGovNow (We Government Now) project funded by EU Horizon-2020
program. WeGovNow (Boella et al., 2018) is a research and innovation action focused on civic participation in local
government aiming at using state-of-the-art digital technologies in community engagement platforms to involve citizens
in decision making processes within their local neighborhood. WeGovNow (WGN) enables a new type of interactivity
in the co-production of citizen-centered services and in the co-development of strategic approaches to community
development. WGN provides several e-Government components and related services. The mentioned components
provide the following facilities: citizens' urban activities coordination and collaboration, reporting local issues to a
public administration, opinion formation on a given issue, and web mapping tools. All components implement mapcentered web applications.
GSDR is the common data-quality-aimed service for the described platform. All components and services provide data
to GSDR for further processing. WeGovNow's map applications use OpenStreetMap (OSM) as a base map, thus OSM
data covered area of pilot sites are intensively utilized by GSDR.
In this work, the data quality concept implemented by GSDR is considered. The concept can be adopted by other mapbased services. It is strongly related to the problem of OSM data quality and, specifically, the intrinsic data quality (i.e.,
evaluation without use of ground-truth reference datasets).
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RELATED WORK
The WGN project can be considered as a modern implementation of a smart city initiative. According to (Cocchia,
2014), the term “smart city” is closely related to “digital city” and can be defined as city sustainable initiatives,
institution road-maps to enhance green growth and quality of life, the usefulness of ICT infrastructures, the involvement
of citizens in public life, the need to reduce digital divide, and so on. Digital/Smart City impacted first by Kyoto
Protocol (1997), then, Widespread of Internet (2000), the IBM Smart Planet concept (2008), and the EU launched the
Europe 2020 Strategy.
(Meijer and Bolivar, 2015) define smart governance as crafting new forms of human collaboration through the use of
ICTs to obtain better outcomes and more open governance processes. They specify the smartness of a city as its ability
to attract human capital and to mobilize this human capital in collaborations between the various (organized and
individual) actors through the use of ICT.
Smart city initiatives are closely related to e-Government solutions. (Layne and Lee,2001) introduced an four-stage
model of e-Government development. According to this model, the following stages can be distinguished: catalogue
(online presence and downloadable forms), transaction (online forms and databases), vertical integration (lower level
systems linked to higher level systems) and horizontal integration (systems integrated across different functions). One
can conclude that the WGN projects acts on the latest stage (i.e., horizontal integration).
According to (Alenezi et al., 2015), the benefits gained from information sharing initiatives are dependent on
Information Quality as an enabler and as a factor in increasing the success of e-Government information sharing
projects. (Juran, 1988) introduced a very simple definition of information quality as “fitness for use”.
(Ali, 2016) provided a comprehensive literature review on volunteered geographic information data quality. Extrinsic
and intrinsic data quality assessment approaches are distinguished. In the frame of WGN, reference data are not
available. Thus we are mainly focused on the intrinsic data quality assessment. In (Barron et al., 2014) and (Ballatore
and Zipf, 2015), advanced complex approaches to intrinsic data quality assessment were introduced. In the former,
quality is assessed in the following aspects: general information on the study area, routing and navigation, geocoding,
points of interest, map-applications, user information and behavior. In (Ballatore and Zipf, 2015), a framework for
evaluation conceptual accuracy, granularity, completeness, consistency, compliance and richness was proposed.
One can mention that even holistic quality assessment frameworks normally allow users to calculate only separate sets
of multiple quality metrics; it is difficult to analyze such multi-dimensional results. Aggregated quality metrics can be
derived using one of the following approaches: (Lee, Y. et al., 2002), (Cappiello et al., 2004), (Stvilia, 2007) and (Batini
et al. 2009).

DATA QUALITY CONCEPT FOR WEGOVNOW
Data Sources
WGN aims on co-design between public service organisations and citizens designing better public services and
effective community initiatives towards local solutions but also on co-management of urban services. WeGovNow deals
with a large amount of data, mainly geographical and urban data, collected from public services and local stakeholder
initiatives. Besides urban data, WGN, as a crowd-source-based platform, also deals with user/citizen derived data. Users
produce and manage data concerning urban entities such as everyday-life issues, proposals, projects, voting reports,
local groups, etc. So, in order to assess the quality of data in WGN we need to address:
•

The context information provided to end users (urban data), cartographic source (OSM) and open data about
the city (including non-geospatial data), and

•

The user generated data (user activities and user actions within the WGN ecosystem).

Thus, the general approach towards data quality within WGN is therefore articulated considering two type of data
sources, namely; static and dynamic sources. Static sources are not being updated very frequently such as urban data
(e.g. schools, parks, traffic lights, etc).
Data quality assessment of urban data is a batch activity procedure aiming at providing quality contextual data to WGN
users. The assessment should answer to the question “is the source good enough to support users’ activities?”. In other
words, the cartographic information and open data provided by WGN should not mislead users in their evaluations but
should, instead, support the collaboration and cooperation within the platform. Dynamic sources refer to data generated
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by users while using/interacting the WGN platform. For that case, the batch process, followed on static sources case, is
not suitable. Instead we are following the real-time approach. In this case, user data need to be analysed frequently (at
least on daily basis) to assess the internal coherence of users’ activities, the revision of urban data and the monitoring of
the platform. To approach the analysis and monitoring of users’ data, WGN introduces a common logger and translation
system. Each component generates different data in their own schema, then the OnToMap (a common WGN web
service providing public sector information data and logging users’ contributions) logger translates the schema into a
common format and it provides a homogeneous source data focused on users’. The assessment and monitoring will be
provided by software component, accessible as web service.
The quality assessment of user generated data in WeGovNow OntoMap is therefore the analysis of components logs in
a OntoMap-compatible common format, and based on a metaphor in common among current and future components.
The implementation of the quality assessment web service will follow the development lifecycle of WeGovNow
prototype, and will be tailored on the applicative scenarios collected during the engagement activities on the trial sites.
WGN platform handles the following data sources:
Static:
•

OpenStreetMap (OSM) data

•

Public Sector Information (PSI) and open data

Dynamic:
•

User provided data (including non-geospatial data)

Each of the different type of data is further analysed below. OpenStreetMap (OSM) is utilized mainly as a base map for
location based services of WeGovNow. OpenStreetMap is the most popular VGI (Volunteered Geographic Information)
project. OSM allows users to digitize new map features and modify existing objects. 3.8 million of users have been
registered since 2005. Today OSM’s database stores more than 3.5 billion of nodes covering the whole planet. The
project is very active and competes with traditional map providers (e.g., state mapping agencies) and popular
commercial internet map providers (e.g., Google Maps). OSM allows anyone to download, modify and distribute their
data under a liberal open license for any purpose (including commercial). OSM provides the following groups features:
roads (including objects related to road infrastructure (e.g., sidewalks), buildings, water objects (e.g., rivers, lakes), land
cover or land use data, amenity points, ferry routes, power lines, railways, railway stations. Most of the data are
buildings, roads and land cover data. OSM uses a topological data format. Thus, shared borders and nodes of multiple
features are stored only once. It allows users to easily input geographical features and prevents topological errors. OSM
provides metadata (e.g., usernames, changesets’ information, time of creation and modification of an object). Attribute
data are provided by tags in a “key-value” format. This approach is flexible and allows users to apply any number of
characteristics and any datatypes.
Public Sector Information (PSI) and open data are provided through OnToMap. Point, polyline and polygon features
related to a city infrastructure (e.g., bike lanes, urban parks, hospitals, etc.) are provided as PSI datasets. WeGovNow’s
Location Based Services and Applications will widely utilize PSI data. It allows users to select geospatial objects on an
interactive map, derive and manipulate with attribute information (e.g., address of a cinema stored as an attribute),
search (e.g., find a shop by its name), etc. PSI data could be retrieved by OnToMap’s API. An application of WGN
may derive PSI data by this API using different parameters (e.g., bounding box, language, etc.). The datasets are
provided in GeoJSON format. Higher level manipulations may be implemented on a side of a specific application.
Objects of city infrastructure are provided as point, polygon and polyline features. Currently, the following data types
are provided: urban parks, schools, stores, markets, bike lanes, restaurants, museums, places of worship, monuments,
libraries, health social services, hospitals, drug stores, law enforcement objects, art galleries, clubs, etc.
Users contributed data and actions are registered by OnToMap’s logger to achieve homogeneity and easier querying
from the various WGN components. It enables the developers to track activity of users, detect possible problems and
possible low-quality input. OnToMap’s Logger stores events sent by applications of WGN. Similar to PSI data,
OnToMap uses the GeoJSON data format for the logger. WeGovNow’s logged relevant events could be displayed by a
specific application. The quality of the mentioned data types is assessed in a frame of the WGN platform. A concept of
quality evaluation is further presented.
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Overall Data Quality Concept
The overall concept of data quality assessment approach on WeGovNow platform is illustrated in the following Figure
1. In the figure, data flows are depicted by black arrows. Data types are presented by blue. Quality assessment processes
are shown by red. Results are marked by green. Green dashed arrows depict utilized reference datasets for comparable
quality assessment. OSM data are assessed intrinsically. PSI data are evaluated comparably, using OSM and results of
its quality assessment as reference datasets. User Contributed Data and Actions are assessed both intrinsically and
comparably. OSM and PSI data, as well as results of their assessment, are utilized as reference datasets for comparable
assessment of User Contributed Data and Actions quality.

Figure 1. General concept of quality assessment of WeGovNow data.
Data quality is defined in ISO 9000:2015 as the degree to which a set of characteristics (e.g., completeness, validity,
accuracy, consistency, availability and timeliness) of data fulfils requirements. In other words, it could be expressed as
degree of correspondence of information to user’s expectations. Data quality indicators could be defined in the various
contexts: completeness, accuracy, precision, trustworthiness, credibility, etc. In order to obtain a comprehensive
evaluation of quality, a set of approaches covering wide range of contexts should be utilized.
When making use of data with a geospatial aspect, it is important that users are aware of the underlying quality of the
data so that they can make an informed decision that the information is “fit for use”. With regards to this data quality,
standards are available (such as the ISO 19157 standard on geospatial data quality) that define a number of metrics that
can be used to assess this. These metrics include aspects such as geographic accuracy, logical consistency, temporal
consistency and data omission/commission.

IMPLEMENTATION: GEO-SPATIAL DATA REPOSITORY FOR QUALITY ASSESSMENT
It has been decided to implement a web service for data quality assessment and improvement. Geo-Spatial Data
Repository (GSDR) will play this role. Currently, the developing version and frozen third prototype of the service are
accessible by the following link, correspondingly: https://wgn.gsdr.gq and https://wgn-pt3.gsdr.gq (see Figure 2). The
service is being developed for WeGovNow project needs and will provide the following functionality:
•

Intrinsic data quality assessment,

•

Comparable data quality assessment,

•

Presenting data quality assessment results in interactive maps and auto-generated report,

•

Public APIs for quick data check and retrieval.
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Figure 2. The main page of GSDR (the 3rd prototype).
Ground truth reference datasets are not available in frame of the project. Despite this, data quality could be evaluated
and improved by the methods mentioned above. Intrinsic quality assessment allows defining data quality of OSM data
(e.g., road network completeness). Additionally, the service is designed for detecting errors in PSI and WGN apps’ data.
These errors will be reflected in interactive maps and auto-generated reports. Quality and imperfections of PSI and
WGN apps’ data will be defined by a comparison with OSM data with known quality calculated intrinsically.
It should be mentioned that the service is not developed for geo-spatial data only. Many elements could be utilized for
non-spatial data as well: completeness, logical consistency (excluding topological consistency), thematic accuracy and
temporal quality. Since WGN provides mainly location based services though, our attention is concentrated on geospatial data quality.
The core component of GSDR is a database. The main harvesting data types are as follows: (1) OpenStreetMap (OSM)
covering pilot sites, (2) PSI data provided by OnToMap and (3) OnToMap Logger data. OSM is a very dynamic map,
thus OSM data need to be updated periodically. This functionality will be supported by the aforementioned web service.
In Figure 3, the conceptual architecture of GSDR is presented. Spatial database’s components are marked by blue.
GSDR’s components responsible for interaction with external applications are depicted on yellow. External components
are distinguished with green colour. Black arrows represent data flows.
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Figure 3. Conceptual architecture of GSDR
In general, a process of quality evaluation may be described as follows. First, quality of OSM data will be defined
intrinsically at the first step. Next, quality of PSI data will be evaluated using shared objects of OSM data with known
quality. It should be mentioned that many objects provided by the PSI datasets of OnToMap are presented in OSM.
These shared objects will be used for external quality evaluation of the PSI data. OSM is utilized as a reference dataset
in this case. It allows us to apply approaches to data quality assessment described in the ISO 19157-2013. Logger data
will be assessed using both OSM and PSI datasets.

Intrinsic data quality assessment
OpenStreetMap project provides different types of data: OSM Weekly Planet XML file, full history dump, tiles logs,
Wiki documentation. This allows us to evaluate quality of data intrinsically without reference dataset. Many different
approaches could be utilized.
Intrinsic assessment based on an idea that data may be assessed without external datasets. E.g., degree of road network
completeness may be evaluated as follows. If historical data show that no one modifies major roads when neighbour
minor roads are modified actively, one can conclude that major roads are complete. Logical consistency is evaluated
intrinsically as well. In contrast, to the previous example historical data is not required for logical errors detection. E.g.,
topological errors may be found without external knowledge.
One can notice that logger data provided by OnToMap could be processed as OSM full history dump. Thus, the
mentioned intrinsic approaches could be applied to logger data as well. Logger and OSM data will be periodically
updated by event triggered tasks. OSM data will be periodically updated. If it will be defined that data in pilot sites were
significantly changed after the last update, new data will be added to the database. Before import to database, data pass
Quality Assessment and Improvement module. It calculates intrinsically data quality related measures. Data and quality
assessment results are stored in database. Logger data pass the same procedure, it requires more frequent updates.
OnToMap’s Logger (Boella et al., 2018) collects data from WGN apps (e.g., LiquidFeedback (LF), ImproveMyCity
(IMC), GeoKey, etc). Then, GSDR obtains and analyse the Logger data. Quality assessment results are stored in the
GSDR’s spatial database.
Simplified Data Quality Indicator (SDQI) is a mock data quality indicator implemented in the frame of GSDR. It was
designed to evaluate prospective of aggregated data quality indicators and their visualization and utilization. The idea if
the SDQI is very simple. A set of parameters are defined. Each parameter represents an essential aspect of data or
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metadata. Moreover, lower value indicates lower fitness-of-use and vise versa. The following parameters were defined:
number of points, number of lines, length of lines, number of polygons, length of polygons’ boundaries, area of
polygons, number of attributes. The mentioned parameters could be calculated for almost any vector spatial data. In
addition, the following parameters were calculated for OSM data: number of tile hits (represents an OSM tile
popularity; it is delivered by OSM planet portal), number of contributors, number of changesets, average version,
average timestamp. SDQI is calculated as follows:

𝑆𝑆𝑆𝑆𝑆𝑆𝐼𝐼 =

�∑𝑛𝑛𝑖𝑖=0

𝑣𝑣𝑖𝑖 − 𝑚𝑚𝑚𝑚𝑚𝑚𝑣𝑣𝑖𝑖
� − 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚
(𝑚𝑚𝑚𝑚𝑚𝑚𝑣𝑣𝑖𝑖 − 𝑚𝑚𝑚𝑚𝑚𝑚𝑣𝑣𝑖𝑖 )/10
(𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 − 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚)/10

where, i is a parameter’s index, minvi and maxvi are minimal and maximal values of a parameter, correspondingly. minc
and maxc are minimal and maximal class numbers. One can mention that data are split into 10 classes. Lower value
indicates lower data quality and vise versa. SDQI is calculated for OSM tile rectangle areas in zoom level 19.
In Figure 4, interactive maps of OSM data quality (SDQI) and source parameters are presented. Currently, three types
of views are supported: feature, heatmap and tile views. In order to represent a parameter in the feature and heatmap
views, classic bounding box request to a server is applied. For the tile view, requests are implemented separately for
each tile visible on a map. This approach is very scalable, because it aggregates requested data according to a tile and,
thus, it applicable to all zoom levels.

Figure 4. Top: SDQI in the feature and heatmap view. Bottom: area of polygons (left), number of changesets (right).
Red and green represent minimal and maximal values, correspondingly. Zoom level 14. San Donà di Piave, Italy.

312

Proceedings, 7th International Conference on Cartography and GIS, 18-23 June 2018, Sozopol, Bulgaria
ISSN: 1314-0604, Eds: Bandrova T., Konečný M.

Comparable data quality assessment
Comparable data quality assessment will be utilized for the following tasks:
•

Import correctness evaluation of PSI data to OnToMap,

•

Comparison of PSI derived from different sources (OpenData and OSM).

PSI data provided my municipalities comprise some features types provided by OSM as well (e.g., bike lanes, amenity
objects, etc.). Thus, it is possible to evaluate completeness of PSI features comparably. In order to implement this,
specific data types were extracted from OSM data. In Figure 5, maps for OSM and PSI comparison are presented.

Figure 5. Comparison of OSM (red) and PSI (green) data. Left (zoom level 14):data quality, size represents the sum of
quality classes. Right (zoom level 15):area of polygons, size represents the sum of areas. San Donà di Piave, Italy.

Data quality assessment module: Public APIs for quick data check and retrieval
Data Quality Interactive Maps and Reports (yellow rectangle in Figure 3) is GSDR’s module allows to presenting data
quality assessment results in interactive maps and also allows autogenerated reports. It is designed to report data quality
results and show data errors. The module can be used by WeGovNow components to improve data and algorithms. Any
user concerning data quality of WeGovNow will be able to obtain results using this module.
Two APIs are provided by GSDR:
•

Data Provider,

•

Quick Data Checker.

Both APIs are designed to improve and evaluate users’ input. Data Provider API allows us to evaluate data of client side
applications. For instance, user reports a traffic light problem. Client side application downloads a small piece of OSM
data covering the current map extent. It allows the developer to implement a snapping functionality. User’s input may
be snapped to the nearest road intersection using a defined threshold.
Quick Data Checker allows us to evaluate users’ input directly on the server and immediately return a result. For
instance, user filled a form with a word “Schol”. Client side application sends a request to Quick Data Checker. It
detects that in the considering context there is a term in Logger data with Levenshtein distance equals 1 (it identifies
possible error in user’s input). The correct term is “School”. A client side application may recommend changing text in
a form field.
In Figure 6, examples of APIs’ utilization are illustrated. The API is implemented as a universal tool; it allows source
data retrieval, visualization of quality assessment results, obtaining various statistical data, text input improvement (auto
completing and spell checking), spatial snapping functionality, etc.
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Figure 6. Data retrieval (left), snapping functionality (right).

CONCLUSIONS
In this paper, a data quality concept for map-centered e-Government web services is introduced. Taking into account the
lack of reference datasets, data quality is assessed intrinsically and comparably. Simplified Data Quality Indicator
(SDQI) has been introduced. Approaches to quality assessment of various data types (i.e., OSM, PSI, users contributed
data and actions) have been provided.
The concept has been implemented in the frame of the Geo-Spatial Data Repository web service. GSDR evaluates data
evolved in the WeGovNow. Results of quality assessment are delivered in a form of interactive web maps. Parameters
are calculated for OSM rectangle tile areas in zoom level 19. Various map views are available. The tile view allows
multi-level data visualization and aggregation; data are portrayed by the color and symbols size. Advanced interactive
thematic maps are offered by the service.
GSDR’s database and API allows retrieving any data (including OSM and PSI source spatial layers) directly from the
database. GSDR is developed in the free open source manners. Data can be obtained through the main API. Most of
useful functionality and libraries developed in the frame of GSDR are available as the following open source projects.
First, IGIS.TK (http://igis.tk) provides data conversion tools, functions for quality assessment and a programming
environment with the classic graphic user interface. Second, Tiles.CF (http://tiles.cf) is a library for tile related
processing functions. To be applicable in other works, the both projects were designed in a generic manner.
The current version of GSDR is a prototype version. SDQI is a mock aggregated data quality indicator. In the nearest
future, real data quality indicators should be developed and implemented in the frame of the web service. The GSDR’s
main API should be adopted by the WGN applications for users input improvement.
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Abstract
The paper presents the Hungarian Society of Surveying, Mapping and Remote Sensing’s (MFTTT) contribution to the
Sustainable Development Goals implementation of the SDG Target 17.16 „Multi-stakeholder Partnership” in Hungary.
In 2017, awareness raising campaign was executed on different professional forum to call attention of the Hungarian
geospatial community and stakeholders to how their technologies and services can contribute to supporting the national
implementation of SGDs in Hungary. From SDGs aspect, the authors give non-exhaustive review of those common
reference and thematic geospatial data together with Earth Observation databases which are operating from former
times and can be used to monitor the SDGs implementation in Hungary. Institutional background of the Geospatial
Data and Earth Observations, the respective databases and GIS web services show that there are deficiencies in the
Hungarian Spatial Data Infrastructure when applying them to serve the performance of SDGs related actions.
Keywords: UN 2030 Agenda, Sustainable Development Goals, Earth Observation, Geospatial Information, Spatial
Data Infrastructure, Statistical conformability, Hungary, Implementation

THE UN 2030 AGENDA FOR SUSTAINABLE DEVELOPMENT
Human activities besides their economic and societal impacts affect in an unprecedented manner our environment as
well. The crucial importance of the environmental protection was formally recognized widely first by a high-profile
international conference organized by the UN, hosted by the Swedish government. Milestones of the four decades
follow-on actions leading to the UN Agenda 2030 are given in Table 1.
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Table 1. Milestones on the way toward the UN 2030 Agenda
Actions
UN Conference on Human Environment

Location, date
Stockholm, 1972

Features
Formulating the concerns, 113 countries

UN World Commission on Environment &
Geneva, 1983
Development

Established by the UN General Assembly
Getting a political mandate

Our Common Future

New York, 1987

Definition of SD, Adopted by the UN GA

Earth Summit, UN Conference on
Environment & Development

Rio de Janeiro, 1992

The Millennium Summit

New York, 2000

Rio Declaration on ED with 27 principles
Agenda 21 with 40 chapters, 178 countries
8 Millennium Development Goals, 2015, 189
countries

World Summit on Sustainable
Johannesburg, 2002 Role of EO, GI and their technologies
Development
Rio +20 Conference
The Future We Want – common vision.
Rio de Janeiro, 2012
Earth Summit on Sustainable Development
EO/GI and their technologies 192 countries

A decision on the Sustainable Development Goals building upon and representing continuation of the Millennium
Development Goals was adopted at the Rio+20. The United Nations worked together with governments, the scientific
community and the civil society to develop the post 2015 agenda for sustainable development. Mr. Csaba Kőrösi
(former permanent representative of Hungary to the UN) played a key role in successful collaboration having cochaired the Open Working Group tasked with drafting the UN’s global goals with Mr. Macharia Kamau.
As a result of their efforts, the 193 member states of the United Nations adopted the 2030 Agenda for Sustainable
Development including 17 goals and 169 targets on 25 September 2015. The document was published as entitled
Transforming Our World: The 2030 Agenda for Sustainable Development (UN, 2015).
Elaborated by the Inter-Agency Expert Group of the UN Statistical Division (IAEG), the UN Economic and Social
Council distributed a discussion proposal on SDGs’ indicators. The major steps of the approval mechanism of the
current 232 indicators associated with the 169 targets include the (1) Preparatory phase by IAEG-SDG, (2) Review and
approval by the Meeting of the UN Statistical Committee (UNSTAT in March every year), (3) Approval by the Meeting
of the UN Economic and Social Council (UN IAEG, 2016). The list of indicators was accepted at the 47th Meeting of
the UN Statistical Commission, 8-11 March 2016.

THE ROLE OF GEOSPATIAL AND EO COMMUNITIES
Implementation of the UN 2030 Agenda provides opportunities and involves responsibilities not only for governments
of the UN member countries but also for custodians and stakeholders of a wide range of world communities including
the Earth Observations and geospatial ones (EO and GI). The latters’ data, infrastructures, services and related
technologies provide documentaries recording and monitoring of the SDGs’ targets and indicators, and they also offer
cost-effective, transparent and verifying methods to support the statisticians and decision. Resolution 70/1 of the UN
General Assembly (UN GA, 2015) explicitly emphasizes: “17.18 By 2020, enhance capacity-building support to
developing countries, including for least developed countries and small island developing States, to increase
significantly the availability of high-quality, timely and reliable data disaggregated by income, gender, age, race,
ethnicity, migratory status, disability, geographic location and other characteristics relevant in national contexts.”
Disaggregated by geographic location, this is why the role of EO and GI data and spatial data infrastructure with the
related services and technologies are significantly upgraded. This generates impacts on national-level strategy
formulation, improves data policies, capacity building and needs for interdisciplinary/multi-agency coordination and
collaboration, including public-private cooperation. It is anticipated that the geospatial and EO-related industry will
steadily grow generating high-tech jobs providing value-added products and services from local to global markets.
As far as the Earth observation and geospatial information support of the official statistics in monitoring and achieving
the 2030 Agenda is concerned, the GEO and UN GGIM publication (GEO UN-GGIM, 2017) and the presentation of
Steven Ramage of GEO Secretariat held at the recent European Forum on Geography and Statistics are relevant
references (Ramage, 2017). Table 2. identifies the targets and indicators of SDGs for which the EO and GI are
operative.
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Table 2. Goals of UN Agenda 2030 and their targets and indicators substantially implying the Earth observations and
geospatial information (EO Support, 2017)

Strong and well-structured international and institutional organizational infrastructure have been built up to fulfil the
difficult task of SDGs. It consists of earlier existing organizations and the SDGs-oriented very new ones in frame of
UN. Table 3. gives assignments to some mostly known organizations in the world.
Table 3. Examples of governmental, academic, industry and NGO stakeholders in EO/GI areas supporting the
achievement of SDGs directly or indirectly
Items

Examples

Some Earth Observation
international institutions

GEO, Intergovernmental Group on Earth Observation, 105 countries 118
members
EO4SDGs, GEO Earth Observations for the Sustainable Development Goals
CEOS, Committee on Earth Observation Satellites
ISDE, International Society of Digital Earth etc.

EO/GI programs of space agencies

ESA (Copernicus, Galilei, ESA Earth Observation Data), NASA, USGEO etc.

UN and SDG-related bodies

ECOSOC, UN Economic and Social Council
UNSTAT, UN Statistics Division
UN-GGIM, Global Geospatial Information Management, UN Committee of
Experts
Data4SDGs, Global Partnership for Sustainable Development Data
IAEG-SDG, Inter-Agency Expert Group on SDG indicators
IISD, International Institute for Sustainable Development
SDSN, Sustainable Development Solutions Network
HLG-PCCB, High-level Group for Partnership, Coordination and CapacityBuilding for statistics for the UN Agenda 2030, UN Statistical Commission
HLPF, UN High-level Political Forum on Sustainable Development etc.
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Global Geospatial
Societies/Organisations

FIG, International Federation of Surveyors
ISPRS, International Society of Photogrammetry and Remote Sensing
ICA, International Cartographic Association
IAG, International Association of Geodesy
ISO-TC211, International Standard Organization, Technical Committee
OGC, Open Geospatial Consortium
GSDI, Global Spatial Data Infrastructure etc.

Regional frameworks, programs
and alliances in Europe

INSPIRE, Danube Region Strategy, EuroGeographics, UNECE WPLA,
EUROGI, EuroSDR, GEE-See, EULIS etc.

HUNGARIAN INSTITUTION AND LEGAL BACKGROUND FOR SUSTAINABLE
DEVELOPMENT
Hungary has developed a complex, well-balanced institution and legal system for the implementation of sustainable
development laws and policies, including international agreements. (NFFT, 2018).

Institutions
Table 4. Overview on the governmental institution background for Sustainable Development in Hungary
Institutions in
Hungary
National Assembly
President of the
Republic
National Council for
Sustainable
Development
Ombudsman for
Future Generations
Constitutional Court
Government, Statemanaged institutes
Central Statistical
Office

Roles, rights and responsibilities
Adopting: (a) Constitution with some SD requirements (2011),
(b) SD framework strategy (2013), (c) other SD relevant laws (on-going).
Representing and advocating the commitment to sustainable development within the country and
at the international level; Taking part in awareness raising.
Dedicated Directorate for Environmental Sustainability assists the Office of President.
Elaborating the national framework strategy on sustainable development;
Preparing biennial progress reports on SD in Hungary (including the UN SDG’s);
Participating in awareness raising; giving opinion on draft rules of law affecting sustainability.
Independent, Parliament-based Multi-stakeholder council established by the National Assembly!
Ensuring effective and coherent protection of constitutional rights; Acting as a policy advocate
for sustainability; Investigating the complaints; Initiating review of rules at the Constitutional
Court.
Reviewing of laws upon petition; Annulling objected laws if found being contrary to the
Constitution (SD, concept of the rights of future generations is laid down in the Constitution).
Setting policies and regulations in order to implement all goals of international agreements,
national strategies and Constitution regarding the SD.
Data collection, maintaining and publishing the SD database; Publishing biannually a report on
implementation of SD (SD-Indicators HU, 2016); Managing UN and EU SD indicators.

Civil and academic institutions are active in the Hungarian implementation of the SDGs. Some of them are below.
•

•

As example, two non-governmental Partner Organizations’ taking-on responsibilities are as follows:
o

The National Society of Conservationists−Friends of the Earth (MTVSZ, 2018) has a wide program
in connection with SDGs (Nature Conservation, Agriculture and Rural Development, Environmental
Education, Climate Protection, and Regional Policy); they arrange nation-wide meetings on
Sustainable Development;

o

The Hungarian Society of Surveying, Mapping and Remote Sensing (MFTTT, 2018) is arranging
awareness campaigns, giving presentations and publishing papers on the obligations and opportunity
for stakeholders to involve the Earth observations and Geospatial data into implementation of the
Agenda 2030 for Sustainable Development – these are among the topics the authors give report to you
in this presentation.

A selective number of the Academic institutions and the Universities join the implementation of Sustainable
Development Goals by their studies, research and learning programs of relevance.
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Legal system, laws and strategies
The effective Constitution (Fundamental Law) of Hungary was adopted on the 25 April 2011. This basic document
declares fundamental rights and commitments concerning all of the human, social, environmental, and economic
dimensions of sustainable development. The Hungarian Constitution is one of the few in the World containing the
principles (1) of the rights of future generations; (2) of sustainable development; and (3) of the duty to maintain natural
heritage.
The first National Sustainable Development Strategy (NSDS) of Hungary was accepted by the government in June
2007. The main objective of the NSDS was to help shift domestic social, economic, and environmental processes (these
priority fields are equal to the dimensions of the SD), i.e. Hungary’s development onto a path that is sustainable in
medium and long-term, taking into account both domestic realities and external and global processes and conditions.
As a consequence of the Kyoto Protocol, the Act LX of 2007 on the implementation framework of the UN Framework
Convention on Climate Change and the Kyoto Protocol thereof was adapted in Hungary. According to the law, the
Government Decree No. 94/2014. (III. 21.) on the detailed rules of operation of National Adaptation Geoinformation
System was adopted for supporting the respective National Climate Change Strategy.
After the establishment of the National Council for Sustainable Development by the National Assembly in 2008, the
Parliament also adopted a decree on the renewing process of NSDS. In March 2013, the Hungarian Parliament adopted
the new National Framework Strategy on Sustainable Development for the period 2012-24 (NFSSD, 2013). Although
the new framework strategy was adapted earlier than the UN Agenda 2030, the Hungarian national SD framework
strategy is containing all relevant implementation linkages to the SDGs. The compliance was analysed in the 2015
Progress Report of the NFSSD. Preliminary findings suggest a relatively good correlation between NFSSD’s goals/tasks
and the 83 SDGs relevant in Hungary. The governmental measures to implement the Framework Strategy have been
prescribed by Governmental regulation No. 1888/2016. (XII. 29.).
Finally, for higher level implementation of the Agenda 2030 SDGs, the Governmental decision No. 2091/2017 (XII.
29.) makes provision for performing the tasks of national relevance for each ministry.
Besides the well-balanced institution and legal system for the implementation of sustainable development, there are
deficiencies (1) in regulating the Hungarian implementation of the UN Agenda 2030 SDGs tasks at a level of executive
decree (2) and in using the EO and GI for Hungarian monitoring the sustainable development, in general. Due to the
above mentioned Governmental decision No. 2091/2017, harmonized ministerial or interdepartmental decrees are
expected to be compiled, discussed and issued in the next 6 to 12 months; consequently, these deficiencies mostly are
expected or will be overcome.

EO AND GI RELATED SUSTAINABLE DEVELOPMENT FRAMEWORK ACTIVITY
Remarkable Events
During the last period, different events have been arranged in Hungary connected with the 2030 Agenda on the
Sustainable Development. The Plenary Meeting of the Executive Committee of the UN GGIM: Europe was held in
Budapest, 5 October 2016. From Hungary, the Department of Land Administration and Geo-information of the Ministry
of Agriculture (which is the prime geospatial data provider in Hungary), the Hungarian Central Statistical Office, from
abroad the UN-GGIM Secretariat, EuroGeographics, GSDI, EUROGI, and UNECE representatives joined the Meeting.
Katalin Tóth, Deputy State Secretary of the Ministry of Agriculture, expressed her view: „The operation and
achievements of the Hungarian Land Administration are well known and acknowledged in the European Union and
beyond, consequently we can contribute to the professional issues addressed such as the visions, formulation of
regulations and standards” (Tóth, 2016). For example, the support of the achievement of the first two SDGs using
GI/EO data, services and technologies in Hungary are provided as follow:
•

To benefit the SDGs 1, No poverty: Data and infrastructure of Hungarian Land Information System (cadastre,
real estate inventory, land user information), all operated by information technological networks and services;

•

To benefit the SDGs 2, Zero hunger: The Remote sensing based land use and land cover monitoring (CORINE
LC), Land Parcel Identification System used for Common Agricultural-Policy subsidy control (MePAR and
CwRS), the vineyard GIS (VINGIS) and wide range of EO data acquisition (satellite, airborne, UAV, in-situ).

An SDGs-related conference was arranged by the National Council for the Sustainable Development in cooperation
with the Hungarian Society of Conservationists−Friends of the Earth (MTVSZ), 7 February 2017 with the aim to
identify the progress and setting up tasks to be done, e.g. the amendment of the National Framework on Sustainable
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Development document. The MTVSZ organized a forum on sustainable development activity of the United Nations in
last decades and a critical discussion on the goals of Agenda 2030.
The Hungarian National Assembly was the very first that ratified the Paris Agreement on Climate Change in 2016
paving the way for the elaboration of the 2nd National Strategy on Climate Change, whereas efforts have been made by
the Department on Climate Policy and the Hungarian Space Office of the Ministry of National Development to
emphasize the Earth Observation and related issues such as the EU Copernicus programme as well as the utilisation of
the national Earth Observation Information System (Zboray, 2017). The document prepared was submitted by the
Ministry of National Development to the National Council of Sustainable Development for discussion.

HUNGARIAN EO AND GI STAKEHOLDERS IN SERVICE OF SDGS IMPLEMENTATION
Authorities
The supervisory authority in the field of geodesy, surveying, mapping, remote sensing, land administration, geoinformation and earth observation is the Department of Land Administration and Geo-information of the Ministry of
Agriculture. This official portal (LandHU, 2018) well represents all its tasks, intercommunications, references and
institutions. Its institutions can shortly be described below:
•

Since 1 January 2017, the successor of FÖMI, providing a wide range of reference framing, mapping, land
data, GI, spatial data infrastructure, remote sensing and Earth observation nation-wide services for users from
citizens to private sector and from governmental agencies to academia in national and international context is
the Department of Surveying, Remote Sensing and Land Offices at the Budapest Capital Government Bureau.

•

Services provided on sub-national level in surveying and land issues are performed by Land offices at the
County Government Bureaus and the District Bureaus.

Military mapping and geospatial information management fall within the competency of Geoinformation Service of the
Home Defence Forces.
Hungarian Space Office at the Ministry of National Development supervises the space research programs and major
projects in Earth Observation and has wide range of international relations in EU and beyond with special emphasis on
cooperation with national/regional space agencies (e.g. ESA) and intergovernmental organizations such as GEO and
UN bodies.
Sectors and branches having geospatial or Earth observation capabilities having dominant role in implementation of the
Sustainable Development Goals are represented by state managed institutions as potential cooperative partners and
custodians of the reference and the thematic spatial data to be provided in the frame of the National Spatial Data
Infrastructure. The sectors in question are the Water Management, Transportation, Meteorology, Geology and
Geophysics, Energy, Soil, Environment Protection and Nature Conservation, Physical planning, etc. Detailed
presentation of the respective institutions is out of scope of this paper.

Other stakeholders
Civil professional societies in GI and EO are the Hungarian Society of Surveying, Mapping and Remote Sensing
(MFTTT), the Hungarian Association for Geo-information (HUNAGI) and a Gita Hungary Society. In standardization
the Hungarian Standardization Body, Working Group on Geo-informatics MB818 played role.
On market actors of the GI industry (private sector from start-ups up to SMEs): There are many players who will be
potentially involved in the achievement of SDGs taking active part in the target and indicator monitoring and/or
reporting to the Central Statistical Office (KSH), which is the reporting body to the UN.
Scientific and research labs, academic institutions, R+D workshops and the institutions of the higher education sector
(Universities, Colleges) of our GI/EO profession have significant importance in supporting the SDGs’ implementation.
They are strongly interested in driving the international relations, cross-border or international projects and programs.
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Hungarian Geospatial data and Earth Observations in service of SDGs implementation
Below, many Hungarian GI and EO data sets are enumerated, some of them specified. Due to purpose and extent of the
paper, both the enumeration and the specification may not be fully exhausted. Apparently, these data sets support
different/multiple goals, targets and indicators of Agenda 2030, as illustrated in Table 2. However, the data sets’ support
functions in, effects on and linkage with the goals, targets and indicators are not exposed here, whether they are
enumerated or explicitly specified.
Geospatial and Earth observation data of the Department of Geodesy, Remote Sensing and Land Offices,
Government Office of the Capital City Budapest (FFT.BFKH Portal, 2018):
•

Reference systems, Vertical and Horizontal Network, Hungarian GNSS Active Network, Control points

•

Geographical names: Hungarian Gazetteer, FNT

•

Administrative boundaries of Hungary, MKH

•

Unified National Cadastre (Mihály et al, 2009); Taking care of IT Systems of Unified Land Registry, Farmer’s
and Land Lease Register, also manage the nation-wide processing of Land Administration Data, the
development and operation of Land Information Systems and data warehouses, the provision of connections
and continuous data-exchange with other IT systems. Responsible for storing, managing and serving the State
Base Data (Land Registry, Land Lease Registry, and Farmer’s Registry). Development for National Land Fund
Management Organization.

•

Topographic maps (rasterised and vectorised)

•

Elevation data, DEM

•

Land cover, CORINE LC series: The CORINE Land Cover (CLC) inventory was initiated in 1985 (reference
year 1990). Updates were produced in 2000, 2006, and the latest in 2012. It consists of an inventory of land
cover in 44 classes. CLC uses a Minimum Mapping Unit (MMU) of 25 hectares (ha) for areal phenomena and
a minimum width of 100 m for linear phenomena. The time series were complemented by change layers,
which map changes in land cover with an MMU of 5 ha. CLC2012 data sets were created between 2012 and
2014 within the frames of the GIO-Hungary project, fully financed by the EEA.

•

Aerial photos and Orthoimagery, 1/3 of the country each year; Digital aerial photo archive online service;

•

Land use, partly, see Unified National Cadastre

•

Agricultural and aquaculture facilities: LPIS-Hu (MePAR), CwRS, VINGIS, NÖVMON per year
o

Detection and monitoring of damages to agricultural production by using remote sensing (2001, 2004,
2010, 2013, 2015, 2016)

o

GIS Register of Vineyards, VINGIS

o

Hungarian Land Parcel Identification System (LPIS-Hu) and Control with Remote Sensing (CwRS):
From 2004 to this day they provide yearly registering and monitoring GI and EO data sets for
Hungarian geospatial and administrative support to the farmers during the procedure of areabased subsidy applications in the EU Common Agricultural Policy.
LPIS-Hu in numbers, 2017:
451 730 physical blocks, average block size: 20.6 ha,
participants: 173 000 farmers, 4100 orthophotos, 26 thematic layers.
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Figure 1. The Hungarian Land Parcel Identification System LPIS-Hu (in Hungarian: MePAR).(Based on Csornai et al,
2009)

National Adaptation Geo-information System (NAGiS) (http://nater.mbfsz.gov.hu/en/node/5):
According to Government Decree No. 94/2014. (III. 21.) on the detailed rules of operation of NAGiS (Hungarian name:
NATéR), a multipurpose geo-information system has been built up that can facilitate the policy-making, strategybuilding and decision-making processes related to the impact assessment of climate change and founding necessary
adaptation measures in Hungary. NAGiS may directly support basically the implementation, supervision and evaluation
of the second National Climate Change Strategy, the Paris Agreement (2017), and the implementation and evaluation of
the Environment and Energy Operative Programme. NAGiS represents a high level arsenal in the process of
implementation of Agenda 2030 Sustainable Development Goals as well.
The NAGiS consists of well detailed, monitored and structured 15 data sets, namely on demography, climate, forestry,
land cover, economy, heat waves, drinking water sources, people’s attitudes by climate changes, ecology, ecosystem
supply indicator, arable lands, effect of extreme weather on road accidents, ground water, touristic climatology and
quick floods. The NAGiS operated by Mining and Geological Survey of Hungary, MBFSZ (with the merged Geological
and Geophysical Institute) is based on strong cooperation of ten organizations of governmental and academic type
which are the constant suppliers of the above 15 data sets (NAGIS, 2018).
National Environmental Information System, OKIR http://web.okir.hu/en/: The administrative organs performing
environmental, conservation, water protection measures and tasks have accumulated a lot of environmental data on the
load to environment and the status of the environment. Some of them are the regional inspectorates' own measurement
data, while others come from the data provided by the environment users under statutory regulation. The data collected
and processed are entered into a central database operated by the Ministry of Agriculture. This system is the National
Environmental Information System, and OKIR is the acronym of its Hungarian name. The main data set topics are
Waste Management (EHIR), Air Pollutant Emissions (LAIR), Surface Waters (FEVISZ), Ground Waters (FAVI),
European Pollutant Release And Transfer Register (E-PRTR), and Nature Conservation (TIR).
National Regional Development and Country Planning Information System, TeIR provides geospatial data and digital
maps which serve as basis when planning, realizing and monitoring the developments wished to be sustainable
(https://www.teir.hu/).
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A matrix conjugates schematic pictures of geospatial systems of potential cooperative partner data suppliers in the way
of implementing the Agenda 2030 SDGs in Figure 2.
Figure 2. Samples from thematic geospatial information systems used in Hungary

THE ENGAGEMENT OF STAKEHOLDERS CAMPAIGN IN HUNGARY
The Multi-stakeholder partnerships are part of the Sustainable Development Goal 17. The Resolution 70/1 of the UN
General Assembly describes the related tasks:
„17.16 Enhance the Global Partnership for Sustainable Development, complemented by multi-stakeholder partnerships
that mobilize and share knowledge, expertise, technology and financial resources, to support the achievement of the
Sustainable Development Goals in all countries, in particular developing countries
17.17 Encourage and promote effective public, public-private and civil society partnerships, building on the experience
and resourcing strategies of partnerships”
Accordingly, in March 2017, an awareness raising campaign was launched by Sz. Mihály, G. Remetey-Fülöpp and T.
Palya, the volunteer members of the Hungarian Society of Surveying, Mapping and Remote Sensing (MFTTT), actually
the former and the present national INSPIRE delegates as well as the national correspondent to the Group of Earth
Observations (GEO) and liaison of the Global Spatial Data Infrastructure Association (GSDI) to the Working Group of
Information Systems and Services (WGISS) of the Committee of Earth Observation Satellites (CEOS).
This action is in line with the firm commitment of the President of the 71th Session of UN who by taking his office on
13 September 2016 expressed his commitment to strengthen momentum for SDGs implementation on the first place by
“Raising the global public’s awareness of the critical importance of SDG implementation. Now, the best start is to begin
it with awareness raising to engage the stakeholders” (Thomson, 2016).
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Presentations and Papers
Table 5. Awareness raising campaign of MFTTT to engage stakeholders at domestic and cross-border conferences and
meetings on EO/GI/SDI for SDGs participated by representatives of governmental organisations, professional civil
societies, academia, private sector (start-ups, Nano- and SMEs) as well as students. (The documents are downloadable
from the repository Mihály et al, 2017g)
Presentation or paper
Day of the European Surveyors and
Geoinformatics
Budapest, 22 March 2017
(Mihály et al, 2017a)
GIS Open 2017
Székesfehérvár, 11-13 April 2017
(Mihály et al, 2017b)
Transylvanian XVIIIth Meeting of Surveyors,
EMT
Tusnádfürdő, 18-21 May 2017
(Mihály et al, 2017c)
VIIIth GIS Conference and Exhibition
Debrecen, 25-26 May 2017
(Palya et al, 2017)
31st Roving Conference of MFTTT
Szekszárd, 6-8 July 2017
(Mihály et al, 2017d)
Mini Conference, 70th Anniversary of Prof. B.
Márkus
Székesfehérvár, 11 July 2017
(Mihály, 2017)
Fény-Tér-Kép (Light-Space-Image) Conference
Gárdony, 12-13 October 2017
(Mihály et al, 2017e)
Meeting with the SD representatives of the
National University of Public Service.
Budapest, 7 November 2017
(Mihály et al, 2017f)
Paper in International Scientific Journal
MMM-GI, December 2017
(Mihály et al 2017h)
Day of the European Surveyors and
Geoinformatics
Budapest, 21 March 2018
(Mihály et al 2018)

Communities attracted
Surveyors, experts in geoinformatics;
Policy makers, market actors, professors,
students, members of civil societies
Land Administration, surveying, mapping,
remote sensing, experts in geoinformatics;
professors, students, researchers
Geodesists, Surveyors, experts in cadastre
and geoinformatics, private sector of
Transylvania and Mather-country Hungary

Participants

180 pers.

150 pers.

140 pers.

Experts in geoinformatics and remote
sensing, professionals of higher education, 150 pers.
policy makers
Experts in land administration, surveying,
mapping, remote sensing, geoinformatics; 192 pers.
Policy makers, civil societies’ members
Experts in geoinformatics from universities,
students, private sector, governmental
35 pers.
agencies and civil professionals
Experts in photogrammetry, remote
sensing, Earth Observation, image
processing and geoinformatics
Experts of ’Good State and Governance’,
state efficiency indicators, SD in water
governance, climate change, food security,
social capital, culture of sustainable living
Experts in geospatial and Earth observation,
stakeholders concerned in SD, High Level
Political Forum of monitoring of SDGs
Surveyors, experts in geoinformatics and
Earth observation; Market actors, students,
professors, students, members of civil
societies

100 pers.

4 pers.

na.

130 pers.

Wider Visibility of the EO/GI for SDGs-Related Awareness Raising in Hungary
Through the GSDI Association (which is Participating Organization in GEO, has liaison with CEOS WGISS, reached
special consultative status with UN ECOSOC and supports the UN Global Geospatial Information Management (UN
GGIM) being active in its Geospatial Societies and Academic Network), the Hungarian efforts promoting the EO/SDI
for SDGs were mentioned in the GSDI’s Liaison Reports and presented for the CEOS WGISS plenaries hosted by
NASA and RADI in 2017 (GSDI, 2017a) and (GSDI, 2017b). These activities were highlighted in the column Insider’s
View of the GIM International magazine in its September 2017 issue (Remetey-Fülöpp, 2017). The MFTTT actions
have been reported to the GEO EO4SDGS Team by Dr. Remetey-Fülöpp in August 2017, as well. By invitation of the
organisers of the 2nd Nexus Conference on Climate-Water-Food-Energy held in Chapel Hill between 16 and 18 April
2018, a contribution was submitted for the Chapel Hill Message as follows:
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“The availability, accessibility and usability of sectorial data has vital importance for the inter-sectorial
approach of the interlinked multi-node environment of water, energy, food and climate domains. The Nexus
effectively supported by the infrastructures of Earth observation and geospatial data and interoperable
services from local to national and from regional to global enabling the effective achievement of the
Sustainable Development Goals by facilitating the monitoring and reporting on the indicators of goals and
targets of the UN 2030 Agenda. Awareness raising of the stakeholders including governments, NGOs,
academic institutions and private entities are crucial for their early engagement.”
As explanation it was mentioned, in Hungary, the potentials of EO/Spatial Data infrastructures for the implementation
of 2030 Agenda were promoted in a series of awareness raising activities of the Hungarian Society of Surveying,
Mapping and Remote Sensing and new actions are envisaged advocating their use in Nexus-approach as well.
It is anticipated that some elements of the Chapel Hill Message will be picked up by the UN High Level Political Forum
for the SDG Ministerial Declaration.

The MFTTT Leadership Supports the Actions of the Volunteers
Performance of the MFTTT awareness raising campaign 2017 was reported to the Managerial Board of Hungarian
Society of Surveying, Mapping and Remote Sensing (MFTTT) on its 12 December 2017 meetings in Budapest. The
Society President Prof. József Ádám and the Managerial Board accepted efforts of the three volunteer members of
MFTTT and declared that continuation of the campaign is still actual and important on both national and international
level – see Order 17/2017. (XII. 12.) of the MFTTT Managerial Board:
(https://www.mfttt.hu/mftttportal/index.php/letoltes/eloadasok/doc_view/555-ib-hatarozatok-2017).

FOLLOW-ON ACTIONS
The envisaged steps towards the achievements of tangible results in the engagement of stakeholders include meeting
with experts of the Sustainable Development and Resources Research Centre at the National University of Public
Service. In their periodically published Good State and Governance Report (NUPS, 2017) they are focusing on
developing state efficiency indicators related to state reform priorities. Beside this, they are conducting research on
sustainable development in areas of water governance, climate change, food security, social capital, culture of
sustainable living. The aim is to exchange of information and to discuss the feasibility how Earth observations and
geospatial information could support their monitoring.
Further actions are anticipated with Earth observation experts of the Hungarian Space Office of the Ministry of National
Development, where the multi-agency and interdisciplinary project Earth Observation Information System (FIR) will be
supervised (Zboray, 2017). Based on the deliverables of the GEO Week, Washington DC, 24-27 October 2017 the
Strategic Implementation Plan of the GEO Initiative 18: Earth Observations in Service of the 2030 Agenda for
Sustainable Development (EO4SDGs) (GEO, 2017) will be reviewed and discussed with emphasis on the issue, how
the existing and enhanced geospatial data infrastructure could support target indicator monitoring and reporting. The
Hungarian experiences in awareness raising in the ‘EO/SDI/GI for SDGs’ context with emphasis to support the Nexus
approach is also considered as contribution to the Manual of Digital Earth of ISDE.

SPATIAL DATA INFRASTRUCTURE FOR GOOD SERVICE TO IMPLEMENTATION OF SDGS
Missing of Hungarian NSDI is a Possible Reason for Degraded SDGs Implementation
The purpose of Directive 2007/2/EC – known as the INSPIRE (Infrastructure for Spatial Information in Europe)
Directive – is to lay down general rules aimed at the establishment, management and maintenance of the Infrastructure
for Spatial Information in the European Community and of its computerised, Internet-based services, and to establish
this infrastructure between 2009 and 2020. This is to ensure that (a) the enforcement of EU Community policies, (b) the
coordination of the environment, management and feedback activities and (c) the political mechanisms of actions be
smooth, simple and efficient. The INSPIRE is highly beneficial for the UN Agenda 2030 policies as well.
Harmonisation of the spatial data, their interoperability and the data policy in Hungary is incomplete, therefore,
cooperation between the databases may end in problems. Hungary does not have a nationally harmonised National
Spatial Data Infrastructure. Belonging to several ministries or ministerial back offices, each field manages the data
within their own scope of action in accordance with their legal requirements but no rule is in force regarding their
harmonization. Further, with the exception of certain data themes, the Hungarian data policy does not allow free data
uses at the moment, which often prevents cooperation between different sectors of the State.
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We must establish Hungarian National Spatial Data Infrastructure, one basic element of which are the INSPIRE rules as
given above. The other concern for that is to enable Hungary making good geospatial and Earth observation services for
harmonized performance of the country’s engagements in the Sustainable Development Goals implementation.
The establishment of such National Spatial Data Infrastructure will allow efficient and coordinated use of the spatial
data and the spatial information systems by the Government and different stakeholders. This is indispensable for
ensuring proper decision-preparation, for managing emergency situations, for establishing a better environmental status,
for improving the quality of State services and for establishing a better service-providing State, all supporting the
implementation of SDGs. Establishment of the National Spatial Data Infrastructure is necessary on the governmental
level with the cooperation of the different Ministries and the Hungarian Central Statistical Office, with the involvement
of the academy, the educational institutions, the private sector and the civil society organizations. It needs at the same
time implementation of a more favourable data policy at national level.

CONCLUSION
The Hungarian Society of Surveying, Mapping and Remote Sensing and its volunteer members successfully contributed
to the implementation of Target 17.16 “Multi-stakeholder Partnership” of Agenda 2030 SDGs by their 2017 awareness
raising campaign executed on different professional forums calling the attention of the Hungarian geospatial community
and stakeholders to how their technologies and services can support the national implementation of SGDs in Hungary.
This is appropriate for reporting to UN High-level Political Forum on Sustainable Development.
For future active and effective Hungarian participation in implementation of the Agenda 2030 SDGs, the supportive
geospatial and Earth observation data, services and stakeholders are to be involved and utilized in Hungary at a level
and enhancement higher than before. For this reason, different measures are to be taken in Hungary: (a) continuation of
the engagement of GI and EO stakeholders campaigns, (b) strengthening the cooperation with the UN and SDG-related
bodies, (c) realizing the codification works, i.e. decrees formulated and issued to regulate the GI and EO data services
for and stakeholders participation in Hungarian actions of fulfillment of the SDGs, (d) measures are needed for proper
operation of the national Spatial Data Infrastructure and associated partnerships of the stakeholders of the interlinked
sectors, (e) these are inevitable to ensure effective and synergetic support by geospatial data and Earth observation
integrated with statistical information to achieve the Sustainable Development Goals.
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Abstract
The concept of place or location is a fundamental factor in both human and social and economic development.
Throughout history, the culture and identity of local communities has born a strong relationship to the natural
resources and characteristics of their geographic location. In many instances, social and economic development has
been shaped by the access to communication links and local physical resources such as minerals or water. Today, with
globalization, greater mobility and access to worldwide communications, the historic cultural, social and emotional ties
to communities are breaking down. People no longer live, work, marry, raise families and die in the same community
yet there is still a basic human desire for tribal identity and an attraction to people and places with a strong identity
and common ideals.
This paper explores the potential of immersive technologies such as 360 degree cameras, virtual reality and drones as
catalysts for social and economic development. It examines some of the rapidly evolving and disruptive consumer
technologies which, facilitated by social media applications like Facebook and Youtube, are changing the way people
communicate, collaborate and trade with each other. The paper proposes some methodologies the positive use of these
technologies for reconnecting people to their community as a strategy for sustainable development.
Keywords: Immersive Technologies, Social and Economic Development, Cultural Assets, Digital Heritage

INTRODUCTION AND BACKGROUND
For most of human history, cultural identity, place and people have been the key economic drivers behind community
development and the reason why people choose places to live and work. Families lived and worked in the same area for
generations, and stories were passed down from grand-parents and parents to shape the perception and value of the
place called home.
Today, the story is very different as a result of the explosive growth of the communications technologies that have
enabled greater mobility and a breakdown of the ties between people and place and between generations. Digital
Technologies have had a very disruptive impact on business and society and the human relationships that determine
stability and sustainability, such as customer/supplier, employer/employee, husband/wife and citizen/place, are
increasingly temporary and volatile.
The sustainability and livelihood of physical communities in a globalised society depends on their ability to leverage the
potential of all their assets, both human and physical and to harness the positive elements of technology to re-establish
and promote their cultural identity to the world. This ability to create a differentiated and unique identity is important in
attracting people and commerce to a region, location or institution.
Place and cultural identity are closely entwined and are important factors in human behaviours, atitudes and
perceptions. Environmental and social psychologists Harold M. Proshansky, Abbe K. Fabian, and Robert Kaminoff,
argue that place identity is a sub-structure of a person’s self-identity and consists of knowledge and feelings developed
through everyday experiences of physical spaces.
In the context of a common perceived cultural identity and shared values, Porter and Kramer (2011) suggest that
“shared value generates greater innovation, growth and benefits for society.”

331

Proceedings, 7th International Conference on Cartography and GIS, 18-23 June 2018, Sozopol, Bulgaria
ISSN: 1314-0604, Eds: Bandrova T., Konečný M.

According to a blog entry in Psychology Today, “One of the most destructive problems is the breakdown of
community, and it is this breakdown that has often led to the breakdown of persons. Though we may put many around
us, we are alone. Relationships have become superficial, there is no longer concern for the other, and we are pressed by
societal and financial pressures to focus on our own survival. We do not concern ourselves much with the plight of
others except a few we may call family or friends, and even then, our concern and attention is waning.”
With this combination of the breakdown in relationships within communities and the gradual erosion of a sense of
identity with place and shared values, much of which has been driven by developments in digital communications
technologies, it is arguable that there could be substantial benefits to society from projects and applications which help
communities to discover and/or re-establish common values and visions based on cultural identity and place.

Case Study (1) Rural Social and Economic Development
Market Harborough ComKnet Project (1998-2000)
Market Harborough is set in rural Leicestershire and, like many market towns, it has seen the effects of globalisation
and the loss of local services as well as a High Street populated with Charity Shops. In the neighbouring village of
Lubenham, there was a successful digital media company, Mass Mitec, operating from a converted barn. Mass Mitec
was the Founder of the National Presentation Network, one of the first digital imaging networks in the UK, and the
winner of several prestigious awards for its innovative use of Digital Communications Technologies. The company had
seen its presentation services business severely impacted by the takeover of its main customer and, as a consequence,
needed to refocus the business.
In 1998, the UK Govt launched an award scheme called MMDP (Multimedia Demonstrator Program) for consortium
project ideas that would boost the use of Multimedia and the Internet amongst SMEs. Mass Mitec devised the
Community Commerce and Knowledge Network (ComKnet) project, based on the creation of a community portal to
encourage knowledge sharing and trading, and formed a consortium of local partners to build a network of community
champions.
Local heritage was the inspiration for the development strategy and created a shared vision to make Market Harborough
a leader in the use on the use of the communications technology of the new millennium, the internet, to open up new
horizons and opportunities for local people. The inspiration behind this ambition was the fact that over 150 years
earlier, a resident of Market Harborough, Thomas Cook had used the emerging communications network of his day (the
railways) to also open up new horizons and opportunities for ordinary people.
A video of the project was made by two local residents (one an ex-BBC senior cameraman and the other a special
effects man who works on Harry Potter films). This video is available on YouTube at https://youtu.be/clKSAKx2j5g.
The Comknet project also won the attention and support of the newly appointed E-Envoy, Alex Allan, leading to an
invitation to the Comknet team to video interview him in Downing Street and this video interview (which the ComKnet
team scripted) is also on YouTube at https://youtu.be/LE7GskuGBQk
ComKnet successfully brought £250k investment into the local economy and substantially raised its profile nationally
and internationally through innovative uses of technology which included one of the first global webinars in 2000 and
the first community radio show to combine local radio with teleconferencing and virtual classroom technologies with
“The Radio with Pictures Show” in 2002.

Case Study (2) Regional Social and Economic Development and “Rebranding within” - Advantage
West Midlands / Coventry University Serious Games Institute (SGI) (2007-2013)
The West Midlands Region of the UK was once the industrial heartlands of the UK economy with a thriving
manufacturing industry and a reputation for engineering excellence. By the early 21st century, these industries, along
with their jobs had been decimated by foreign competition. The cultural identity which had served the region so well in
the 20th century had become an unwanted legacy and, in order to support social and economic development, a new
strategy and a new identity was needed.
The Serious Games Institute (SGI) at Coventry University was a manifestation of identifying the demographic and
cultural assets of the West Midlands and identifying the “Phoenix” industries that showed promise for sustainable
economic growth and a fresh cultural identity. The rapid rise and success of independent computer games companies
led to investment in the SGI as a focal point for establishing the West Midlands and the UK as a global leader in a fast
emerging but relatively unknown discipline.
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Once it was launched in 2007 as a strategic partnership between the Regional Development Agency and Coventry
University Enterprises, the SGI quickly built a new global identity for Coventry and the West Midlands as leaders in the
understanding and application of computer games technologies for non-entertainment purposes. Their business model
has been copied in Asia and the USA and has created new strategic partnerships across the globe. At the same time as
attracting new talent and investment into the region, those who came into the area attracted by the opportunities have
now begun to use technology to explore and promote the rich cultural heritage of the region.

LESSONS TO BE DRAWN FROM CASE STUDIES
Both Comknet in Market Harborough and the SGI in Coventry sought to use digital technologies to trigger a sense of
cultural identity and common purpose as a mechanism for community development. The two communities were very
different and quite different problems. In the case of Market Harborough, this was a rural economy blighted by
globalisation, loss of rural services and lack of use/awareness of the potential of digital communications technologies.
The Coventry situation was a scenario of the loss of their traditional car manufacturing economies to foreign
competition creating a negative perception of the region.
In both cases, developments in technology were both the cause of the decline in social and economic development and
the solution to regenerating / rebranding the cultural identity through the medium if disruptive digital technologies. The
Comknet project drew on the historical precedent of former Market Harborough resident Thomas Cook’s inspirational
use of the disruptive communications technology of his day (railways) and the modern day parallel of the internet
whereas the SGI launch drew on the potential of a totally new “Serious Games” concept to carve out a niche global
brand identity which attracted revenue, skills and publicity.

THE RSA HERITAGE INDEX
The RSA (Royal Society for the Arts) in the UK received funding from the Heritage Lottery Fund in 2016 to undertake
a research project designed to identify the cultural and heritage assets and level of activity in every local authority area
and to visualise the results in ways which could help each community to promote social and economic development
through either leveraging the potential of or addressing weaknesses in local culture and heritage.

Figure 1. The RSA Heritage Index Maps for England and Northern Ireland from 2016
The RSA Heritage Index is based on a detailed survey of the cultural heritage assets and activities in each local
authority area and, in many ways, seeks to indicate not only the quality and quantity of local heritage assets, but also
how active each community is in taking advantage of this important local resource.
The maps are supported by spreadsheets and raw data that can indicate in more detail where the opportunities and
challenges are in each community. These resources potentially provide a very valuable foundation upon which to
engage local communities in a personalised digital heritage strategy as a catalyst for local social and economic
development in similar ways to the previous case studies.
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Figure 2. The Heritage Index Map for England showing the Domains of Heritage

Figure 3. The ratings for the Milton Keynes Local Authority
The extract from this spreadsheet for a single Local Authority gives an indication of how the individual rankings are
assessed and provide pointers to where there may be opportunities to build on either assets or activities to strengthen
cultural identity and stimulate social and economic development.
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THE ROLE OF IMMERSIVE TECHNOLOGIES IN CULTURAL IDENTITY AND COMMUNITY
DEVELOPMENT
Immersive Technologies are those technologies and applications which are designed to create high levels of
engagement or “immersive experiences”. One of the biggest growth areas in recent years has been Virtual Reality (VR)
which has evolved from being very expensive in hardware, software and development terms to becoming a consumer
technology with affordable tools for both creation and consumption.
This paper focuses on one of the most affordable and easy to use technologies – 360 degree cameras which
automatically capture a complete 360 degree panoramic photograph or video through the use of twin fish-eye lenses at
the front and the rear of the camera. There are many models currently available at prices which range from around £100
to £500.

Figure 4. A 360 degree still image of Delapre Abbey near Northampton taken with a Ricoh Theta V Camera
As with many disruptive digital technologies, their potential can be either constrained or enhanced by dependencies on
other technologies such as mobile devices, nanotechnologies, solid state storage, wifi, social media and cloud
computing. The collective maturity and interoperability of these technologies determine the practicality of solutions and
their growth potential.

Figure 5. A 360 degree still image of the Canal Museum at Stoke Bruerne on Google Maps
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Figure 6. Analytics of 360 degree image views on Google Street View
Figures 4-6 illustrate some examples of the potential of 360 degree images for visualizing places in immersive ways and
the ability to reach global audiences through consumer applications such as social media and Google Maps. The 360
degree images that are illustrated here were published almost instantaneously from the camera via a mobile phone to
Google Maps where they were accessible very shortly afterwards to a global audience.
Figure 6 shows the potential global reach of 360 degree photographs created by the author and illustrate an example of a
series of 360 degree pictures (35+) of Brighton Palace Pier taken on the afternoon of Friday 20th March 2018 which
within only 3 days had attracted over 3,000 individual views. The author’s published collection of 3,884 photos had
attracted almost 1 million views in total within the last 30 days.

CHOOSING A 360 DEGREE CONSUMER CAMERAS
There are an increasing number of consumer cameras available on the market place. Most of these are capable of
producing professional quality images and videos suitable for publishing digitally onto web sites, social media sites and
Google Street View. The author has tried out 6 different consumer cameras, all of which are compatible with the IOS
smartphone and use mobile applications to communicate with and control the camera when taking photographs and
videos. The mobile phone is generally the device which is used to publish the photos and videos to the internet either
via a wifi connection or a mobile network.
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The type of connection between the camera and the smartphone is usually either a direct plug in to the iPhone Lightning
port or via a direct wifi or Bluetooth connection between the smartphone and the camera.
Many 360 degree cameras also provide an option to live broadcast 360 degree video via Facebook or YouTube. In
addition to the major social media platforms, there are an increasing number of hosting services which support 360
degree images and videos and act as promoters of content.

Figure 7. Comparison of Still Image Quality of 5 different consumer 360 cameras
Figure 7 shows examples of the image quality of 5 different consumer 360 degree photos of the same location and
lighting using the standard camera settings.
Figure 7 shows a camera comparison chart published in March 2017 showing the key technical characteristics of a
broad range of consumer 360 cameras. Since it was published, many more cameras have been launched onto the market
with improvements in image quality, speed and storage capacity and lower price points.
There are many factors to consider when choosing a 360 degree camera and whilst the image and/or video quality are
key considerations, it is the ease of use, convenience, practicality and productivity of the cameras which are likely to
determine the best camera for specific applications. In this instance, it is most likely to be the mobile and desktop
applications which work with the camera that are most important because these will determine how easily and quickly
you can publish your images and videos.
In the author’s case, 2 different cameras have proved to be most suited to specific applications regularly used. For most
360 images and videos that are captured and published across a wide range of web, social media and Google Maps
applications, the Ricoh Theta V camera with or without a spatial audio microphone is the most frequently used because
it publishes some of the best quality images quickly and easily directly from the camera. With all the cameras, there is
usually some processing required before 360 videos can be published and this is most often done on a desktop computer
because the cameras do not yet have the processing capabilities to “stitch” the two haves of the video together into a
standard format. In addition, the Ricoh Theta V has a special microphone accessory for 360 degree or “spatial audio”,
one of the few cameras with this capability.
For live 360 degree broadcasting via Facebook and/or YouTube, the author’s chosen camera is the Samsung Gear 360
2017 model because of its ease of use an “plug and play” capabilities that connect the camera to the iPhone via Wifi and
stream the live video over a 4G mobile network to a global audience.
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Figure 8. Camera Comparison Chart from 2017
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ADVANTAGES AND DISADVANTAGES OF 360 IMAGES AND VIDEO OVER TRADITIONAL
IMAGING
360 degree images and video are still relatively new to most people and, with the exception of social media platforms
like Facebook, YouTube and a growing number of other providers of digital content hosting, the ability to view and
manipulate images and video and/or explore them with Virttual Reality headsets is not common on most web sites.
However, because social media channels, especially via mobile smartphones, are so ubiquitous, more and more people
are publishing 360 degree content as a richer way of sharing their experiences. Most smartphones automatically
recognize a 360 degree image and provide a way to navigate easily by moving the phone around.
360 degree images and videos give the viewer control over where to look and this creates opportunities for richer and
more engaging experiences. It is, for humans, a more natural and immersive experience.
On the negative side however, humans use communications media to deliver messages and information in a structured
format and generations have got accustomed to watching a movie in this linear format. This makes it important to
recognize when a linear and structured is most effective for communications and when the provision of a 360 degree
“experience” that encourages the viewer to explore is most effective.

CONCLUSIONS
The converging maturity of 360 degree technologies and the associated digital commnunications technologies and
necessary infrastructure now make citizen-driven publishing of rich immersive experiences possible and create
opportunities, especially through the use of web-based mapping tools like Google Maps, to make cultural heritage
accessible to a global audience.
Research projects such as the RSA Heritage Index create a better understanding of cultural and heritage assets at
community level and by combining this knowledge of local heritage with the tools to improve its visibility and
accessibility to a global audience, the door to location based social and economic development is rapidly opening.
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Abstract
The reduction of the environmental negative effects in the world we live in makes the life process better. Charging
stations are needed for the widespread use and efficient use of electric vehicles, which have both positive environmental
and economic benefits. Geographic Information Systems (GIS) is an important decision support system that enables
both semantic and spatial data to be managed and analyzed at the same time. Besides GIS, using the Analytical
Hierarchy Process (AHP) of the Multi-Criteria Decision-Making Methods (MCDM), the electric vehicle charging
station location were selected in case study areas in Istanbul, Turkey. Criteria that have economic, environmental and
social effects in the study were determined to take into account the characteristics of the study area and analyses were
carried out. The results obtained from the study were evaluated according to the charging station suitability to produce
scientifically based output products that would benefit decision makers.
Keywords: Multi-criteria, electric vehicle, GIS

INTRODUCTION
The economic and social developments that took place over the past 40 years have increased the per capita national
income and as a result, the cities have expanded towards the suburbs (Frade et al., 2011). Pollution is alarming for city
areas across the country. This concern is not only in big metropolises but in almost every city in our day (Etezadi-Amoli
et al., 2010). The realization of renewable energy in a healthy way is possible through the interaction of governments
and social parts. Reducing greenhouse gases, reducing fossil fuel consumption and developing a reliable strategy for
energy production will reduce the impact of climate change (Charabi and Gastli, 2011). Road traffic gives rise to
negative effects for the humans because of the noises and propagates to pollutants such as carbon monoxide (CO) and
hydrocarbons (HC) (Helms et al., 2010). Due to the mentioned unfavorable effects, many countries in the field of
electricity have experienced mobility. Electric vehicles are more influential in terms of energy consumption, more
environmentally friendly and more affordable in terms of fuel consumption. Their use minimizes the emission of carbon
dioxide and other greenhouse gases into the environment (Frade et al., 2011). The first models of electric vehicles were
not able to compete with fuel-consuming vehicles due to some limitations and high prices. But the developments in
battery technology and the high rate of increase in crude oil prices have increased the interest in electric vehicles (He et
al., 2013).
One of the factors that are necessary for the widespread use of electric vehicles is charging. There are studies in the
literature about electric vehicle charging station planning. Ge et al. (2011) have used the grid method to determine
position and size information for electric vehicle charging stations in their work. They discussed the feasibility of the
method with the example in the study. Li et al. (2011) have proposed a planning method for electric charging stations
using the genetic algorithm method in their study. Traffic flow data is used in the study and it is emphasized that the
genetic algorithm method is simple, convenient, coherent and adaptable to the result. Hanabusa and Horiguchi (2011)
aimed to determine the locations of electric vehicle charging stations in the most appropriate way using the analytical
method. They have explained the theoretical approach towards this purpose. Jia et al. (2012) have pointed out the
struggle of locating and sizing the charging stations of electric vehicles and suggested solutions by modeling the road
network and considering charging demands in their works.
Geographic Information Systems (GIS) and Multi-Criteria Decision Making (MCDM) methods are frequently used
methods of studying energy. Charabi and Gastli (2011) have determined the selection process of the most suitable solar
farm sites for the Oman country by using fuzzy multi-criteria evaluation method with GIS-based. It has been found that
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0.5% of the study area is placed in a very suitable class range. Aydin et al. (2013) emphasized the importance of hybrid
renewable energy systems in their work. They have studied environmental and economically proper areas in their
practice. They have benefited from literature research and local regulations. By combining, the fuzzy decision-making
method with GIS carried out case studies to western Turkey. Uyan (2013) perform his work using GIS and AHP in
Konya city in Turkey, which has identified areas suitable for solar farms. Topography and local weather features and
agricultural facilities are among the criteria used in the study.
In this study, it was aimed to determine suitable areas for electric vehicle charging stations by using GIS and AHP
methods.

MATERIALS AND METHODS
Study Area
The study area is determined as Uskudar, Kadikoy and Atasehir districts in Istanbul, Turkey. The designated districts
are neighboring to each other. The population was an important factor in selecting the study area. Istanbul has a
population of 15,029,231 according to the statistics of the Turkish Statistical Institute in 2017. According to statistics,
Istanbul has highest population rates in the country. Also, the population of the study area has high population ratings to
other districts in Istanbul. The study extent has an area of 85 km2. Urban fabric is the dominant land use class in the
study area. The using potential of electric vehicles is another deliberation for the selection of study area. The map
presentation the study area is shown in Figure 1.

Figure 1. Study area

Calculation criteria weights by AHP
In the study, AHP is employed as an MCDM method widely used in the literature. Many criteria such as environmental,
economic and social effects are important in the selection of the electric vehicle charging station location. AHP is one
of the methods utilized in decision-making problems involving a large number of criteria. When the numerical ratings
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of the selection-affecting criteria are indistinct, it becomes problematic to make assessments and weighting the criteria
(Saaty, 1980). The AHP brings together decisions both quantitatively and qualitatively to diminish the gaps in the
decision-making process while accomplishing weighting in a solid but simple way (Ma et al., 2005). AHP implements
Eigenvalue attitude to the pairwise comparison. A method compares the performances of criteria using a numerical
scale. Values between 1 and 9 are used in pairwise comparisons. In a pairwise comparison, a 1/9 shows that one
criterion is exceptionally less important than the other, indicating that 1 the two criteria have an equal rating, and 9
indicates that a criterion is extremely more important than the other (Vaidya and Kumar, 2006). Table 1 comprises the
principle for pairwise comparison scale used in AHP.
Table 1. Principles for pairwise comparisons in AHP
Verbal scale

Numerical values

Equally important, likely or preferred

1

Moderately more important, likely or preferred

3

Strongly more important, likely or preferred

5

Very strongly more important, likely or preferred

7

Extremely more important, likely or preferred

9

Intermediate values to reflect compromise

2, 4, 6, 8

A comprehensive literature research has been done to select the criteria used in this study. A hierarchy has been
established for AHP by identifying the criteria that can affect the locations of electric vehicle charging stations. The
created hierarchy is presented in Figure 2.

Site selection

Slope

Population
density

Green areas

Land values

Roads

Shopping malls

Transportation
stations

Income rates

Park areas

Petrol stations

Figure 2. AHP hierarchy
The pairwise comparison matrices according to the hierarchy used are based on the studies in the literature (Gorsevski
et al., 2013; Wu et al., 2014a; Wu et al., 2014b; Guo and Zhao, 2015; He et al., 2016). Criteria weights were stated by
applying the process steps in AHP theory. One of the scientific advantages provided by the AHP is that it allows the
consistency of the generated judgments to be controlled. If the calculated consistency ratio is less than 0.10, calculated
weights can be accepted. As a result of the calculations complete in the study, the consistency rate was calculated as
0.053. Since the consistency ratio is below the accepted limit, the calculated criteria weights are employed in the study.
The criteria weights calculated according to AHP are displayed in Table 2.
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Table 2. Criteria weights
Criteria

Weights

%

Distance to Green areas

0.324343

32

Slope

0.11314

11

Distance to Roads

0.10179

10

Distance to petrol stations

0.07545

8

Distance to shopping malls

0.065778

7

Distance to park areas

0.058795

6

Income rates

0.051258

5

Land values

0.129244

13

Population density

0.042847

4

Distance to transportation stations

0.037355

4

RESULTS
Map layers of the criteria regulated for the location of the electric vehicle charging station have been arranged. The map
layer for each criterion has been converted to raster data format. All map layers have the same pixel value.

Figure 3. Suitability Index
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Weighted sum analysis was performed by matching the criteria weights gained from the AHP calculations to the layers.
The raster data obtained as a result of the analysis are shown in Figure 3 by determining the class intervals according to
the suitability of the electric vehicle charging station.
AHP and GIS have been used to conclude the locations of the charging stations of the electric vehicles foreseen for
future use in the work carried out. The study has been completed by allowing the GIS to organize the spatial data and to
perform the analyzes. The ability to make decisions with AHP in GIS is provided in the case study.
Unlike previous studies, GIS was exercised to select the location of the electric vehicle charging stations. Since the
factors influencing the site selection included spatial information, GIS was used. Criteria and hierarchy can be reevaluated in future studies. By using different MCDM methods with GIS, different viewpoints can be gained.
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Abstract
In Taipei, current estimated time of arrival (ETA) is calculated only based on the distance and the estimated speed of
the bus. In this research, the ETA model is improved by the historical and real-time bus position data. First of all, a
spatial database of bus positions is established by receiving GNSS positioning data on each bus with a 25-second
interval. The positions are corrected by map-matching algorithm. According to the difference of time and distance
between each point, each period of bus travel time can be summarized as the basis of estimation. Using K Nearest
Neighbor (K-NN) algorithm to search the most similar K records by the real-time bus position can served as the
adjustment to the ETA model. Finally, the result shows that the proposed K-NN model can provide good accuracy,
which the best mean absolute error is 140 seconds ;and the best mean absolute percentage error is 7.44%.
Keywords: Estimated Time of Arrival(ETA), Global Navigation Satellite System(GNSS), Bus, Road Network, Real-time
Traffic

INTRODUCTION
With the rapid development of Taipei city, the demand for public transport is obviously on the rise. In order to make the
city’s transport network operate more efficiently , a reliable Intelligent Transportation System(ITS) is therefore
necessary. Nowadays, nearly every bus in Taipei city has already been equipped with the Global Navigation Satellite
System (GNSS) receiver and most of the bus stops have LED displayers installed accordingly to show the Estimated
Time of Arrival (ETA). However, the calculation of the current ETA is solely based on the distance and the estimated
speed of the bus, which is not sufficiently accurate and turns out to be a possible factor that leads to the unwillingness to
take a bus. Thus, to solve the problem, this research is aiming at the historical and real-time bus position data as an
alternative.
Before modeling the historical based ETA, some pre-processing is required to construct the historical database. First,
we do map-matching algorithm to correct the GNSS data to match respective bus segments. M.A Quddus et al. (2007)
discussed the limitations of a number of map-matching algorithms, including geometry, topology, probability theory,
and other advanced map matching methods. Lou et al. (2009) took spatial and time factors into consideration,
subsequently proposing the ST-algorithm to improve map-matching abilities. Strengthening on the ST algorithm, Hsueh
et al. added the direction factor and formulated the STD-algorithm. The algorithms mentioned above are based on
complex urban cases. In other words, They rely on the accuracy of matching a specific position in a complex urban
spatial network. Differing from the research above, in our study, we duse routes data, which are provided by Taipei city
Public Transportation Office, so that we can concentrate uniquely on temporal and directional factors. After building
the historical database, we compare real-time data with historical data via K-nearest Neighbor (K-NN) algorithm. Liu et
al. (2012) compared the K-NN with Artificial neural network (ANN) algorithm, finding out that K-NN produces better
results. Chia-Ju Ho(2009) used the K-NN to test the K value, time window, and distance threshold setting with the
buses in Taipei. He also found out that the square of the distance difference can make a better result. Yeh ( 2017)
interpolated the historical data and re-adjust thresholds in different time period.
In this paper, we study buses in Taipei city,excluding the inter-city buses. Our GNSS position data are provided by
Public Transport Data Exchange(PTX) which belongs to the Ministry of Transportation and Communications (MOTC).
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The transmission delay of GNSS data’s return period is around 20 - 25 seconds. Finally, because of the timetable
adjustment in April, the period of the route data are restricted between January 5th to the end of March.

METHODOLOGY
map-matching algorithm
The fields of GNSS data provided by PTX consist of plate number, route name, direction, azimuth, duty status, latitude,
longitude, route unique identity and GNSS update time. Every location coordinate received from GNSS needs to match
with a route line. Each route’s direction attribute includes outbound and inbound trajectories which are distinguished by
the codes “0” and “1”. First of all, in order to simplify the operation, we convert each route into trajectory points whose
interval is 3 meters. Secondly, we correct the GNSS points with the shortest distance, if a selected GNSS point has the
same direction attribute with a route point. However, considering only the shortest distance between GNSS points and
route trajectory points usually ends up producing fault matchings, especially when two buses pass the same stop in
different directions. Therefore, taking azimuth attribute into account and introducing a weight in the calculation of
distance may improve the outcome. As mentioned above, a weighted matching point is calculated with the following
equation:

(1)

(2)
(3)
Here

is the weight of a route point j for the calculated distance ;

is the difference between a GNSS point
;

and the azimuth of route points t to t+1. If the difference is bigger than 180, then
route named k the distance between a selected GNSS point

and a route point

;

represents on a

represents the corrected

. Figure 1 shows an example of matching results. The rectangle in figure 1. is the nearest point between
point
GNSS position and route point. Figure 2. shows the result we took azimuth into account.

Figure1. the result of map matching by only considering shortest distance.
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Figure2. the result of map matching by taking shortest distance and azimuth into account.

Interpolate time and distance data
After running the map-matching algorithm, the next step is to build a database. In order to make time and position data
searchable, it is necessary to interpolate data into every route points. First, we calculate the average velocity between
every two consecutive GNSS positions. Then we use the time and the distance from the origin point to interpolate time
into every route point. As a result, for any time range at a route point, we can estimate the moments when the buses pass
by in the range. The interpolated results are shown in the table 1 below:
Table 1. interpolated data

K-nearest Neighbor (K-NN) algorithm
The K-NN algorithm searches for the K records which share the most similar features from the historical database and
then estimate the bus arrive time by analyzing these records. The idea is, primarily, to compare the input feature vector
which we want to estimate with historical data in a time window of fixed length. The similarity is measured by distance
metric. In our case study, we adopt the Euclidean distance. Finally, the K-NN algorithm averages the most similar K
records to estimate bus arrive time.
The K-NN method is done as follows:
Step1. Select a GNSS position
by a vector [

,

,…,

and retrieve the last n-1 records of GNSS positions before
]. n is a number which defines length of a vector.

Step2. Calculate the time difference of the vector [
[

,

, …,

, which we denote

,

, …,

]. The result is denoted

].
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Step3. Find vectors from the same columns as [
,
,
, …,
] from the database if a time
[
time window.

, …,
] and calculate their time difference
is between
- T to
+ T. Here, T is the length of

Step4. Calculate the residual of each vector
vectors. Figure 3 shows the Step 1 to 4:

by distance metric, and pick the k smallest

Figure3. K-NN algorithm steps from 1 to 4
Step5. According to values of r, get the travel time from the starting position to target position from the database, and
average all the values to obtain the estimated travel time.
There are many parameters that can influence the estimations of the K-NN method. In this study, we discuss various K
values and various lengthes of time window T.

EXPERIMENT
This research took buses in Taipei city as an example, except for highway buses. In order to verify the accuracy of this
method, we have picked 11 bus routes. The routes that we picked are 0South, 1, 20, 74, 218, 220, 270, 284, 588, 600,
611 ,and 949. Figure 4 shows the distribution of those routes. The Database features the GNSS data dated from January
5, 2018 to March 9, 2018. We verify the result with the real-time data from March 20, 2018 to March 31, 2018.

Figure4. Map of selsected routes
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It is important for k-NN method to set parameters. In this experiment, The K value is tested for 5, 10, and 15; The
length of time window is tested for 300, 600, and 900 seconds. Besides, this research also focuses on the difference
between peak hours and off-peak periods. Hence, the periods between 8:00 to 9:00 and 17:00 to 18:00 are regarded as
peak hours. On the contrary, the periods in 10:00 to 11:00 and 13:00 to 14:00 are regarded as off-peak ones.
The study used the Mean Absolute Error(MAE) and Mean Absolute Percentage Error (MAPE) to evaluate the accuracy
of our estimate. The formulas of MAE and MAPE are as follows:

(4)
(5)
Here,
is the forecasted value, is the observed value, and N is the number of samples. MAE shows the average of
the absolute differences between the forecast value and the observe value, MAPE shows the relative difference of the
observed value and forecasted value.

RESULT
Our experiment tested a number of parameters for MPE and MAPE analysis. The K-value by 5, 10, and 15 ;the length
of time window T tested by 300, 600, and and 900 seconds. Starting and Ending points are randomly selected by
computer. As the K-value increases, the number of Valid samples Less than or equal to origin ones. That is because
some data are not long enough before a searching point. Table 2 shows the results of MAE and MAPE:
Table 2. (a) the result of MAE; (b) the result of MAPE.(a)
5

10

15

300

164s(N=339)

140s(N=268)

154s(N=237)

600

163s(N=321)

141s(N=262)

159s(N=231)

900

189s(N=299)

158s(N=261)

159s(N=229)

5

10

15

300

8.46%

7.44%

7.57%

600

8.39%

7.49%

7.79%

900

9.25%

7.84%

7.80%

(b)

Where N is the sample sizes. Accroding to table 3, the optimal estimation time can be found, when K equals 10 and T
equals 600 seconds. Conversely when K equals 5 and T equals 900 seconds, the worst one was found. The difference
between the best and the worst MAE is up to 49 seconds. In addiction, when the K value is 5, the T value has a greater
variation；when the K value is 5 or 10, the T value has a less variation.
Finally, using parameters whose K equals 10 and T equals 600 seconds to test in difference of 4 periods. Table 3 shows
the MAE and MAPE for the period from 8:00 to 9:00, 10:00 to 11:00, 13:00 to 14:00, and 17:00 to 18:00. The result
shows that the MAE that we selected to represent the peak hour from 8:00 to 9:00 is up to 213 seconds, but the MAE
from 13:00 to 14:00 is only 92 seconds. In other word, there is a significant difference between the peak hour and the
off-peak period. This shows that this method should be improved if it is applied at different times.

350

Proceedings, 7th International Conference on Cartography and GIS, 18-23 June 2018, Sozopol, Bulgaria
ISSN: 1314-0604, Eds: Bandrova T., Konečný M.

Table 3. MAE and MAPE in peak hours and off-peak periods.
Sample sizes

MAE

MAPE

8:00-9:00

24

213s

11.12%

10:00-11:00

14

115s

6.17%

13:00-14:00

34

92s

4.89%

17:00-18:00

21

187s

9.88%

In this case study,K-NN algorithm search similar historical data vectors in a range of time. It is effective and simple to
estimate bus arrive time. And the estimated error can be about two minutes. Basing on GNSS position data as estimated
resource, the accuracy of map-matchin algorithm affect estimation result. In order to get better one, except for
imporoving the map-matching algorithm, there are more factors should be considered. For instance, driving on a bus
lane or not, driving on holidays or weekdays, and so on.

CONCLUSION
This paper used K-NN algorithm to build a model for bus ETA. First of all, GNSS position data needed to be
preprocessed by a map-matching method. The proposed method considered not only the shortest distance but also the
azimuzh attribute to correct GNSS position to a bus route points. Secondly the time data are calculated and interpolated
so as to make data searchable by each bus route points. Finally, the K-NN algorithm is applied to search historical
database and the average of the most similar K records is taken as the ETA. By comparing K-value and time window T,
in our case study, the result showed that when the K value is 10 and T is 600 seconds, the MAE attains the minimum
140 seconds and the MAPE is 7.44%. In addition, the study also revealed the differences between the results when the
method is applied to the peak and the off-peak periods.
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Abstract
Accessibility is mainly based on street networks, which directs the pedestrian movement. Space syntax is one of the most
used methods that explain how spatial form of a place affects pedestrian movement. The aim of this study is to examine
the accessibility of the Davutpasa Campus for the pedestrians at Yildiz Technical University. Especially in the campus,
walking is one the most important transport modes. In this study, the accessibility of campus has been analyzed by using
Space syntax and GIS methods. At first, an axial map which represents open spaces of the campus has been generated
from Open Street Map. Then, the axial and segment analysis is performed in depthmapX software with the remote link
from QGIS. Some geometric and topological measures have been calculated by Space Syntax Toolkit through
depthmapX. Finally, the results of this study have been discussed in the terms of spatial cognition and morphological
properties of the campus. They also show accessibility of the campus network and provide a new approach for the
campus plan.
Keywords: Space Syntax, Spatial analysis, Street network, Axial map, Walkability

INTRODUCTION
Space syntax theory has been used in many areas since the day that was developed. Originally, it is developed by Prof.
Bill Hillier, Prof. Julienne Hanson and their colleagues at University College London. This theory is mostly used in the
analysis of cities and their morphologies. Empirical research using space syntax methods has found a strong relationship
between its graph-based measures of street networks and pedestrian flows (Hillier, Penn, Hanson, Grajewski, & Xu,
1993). Besides, integration values state movement and density potentials of a city and usually the correlation between
the potential and the observed rates is a 60-80 % (Hillier & Sahbaz, 2008).
In this study, student population information of buildings in the campus was assumed that number of pedestrians trying
to get these buildings daily because students are the most important component of the campus. Most of the students
have no private car, so walking is a vital transport mode for them. According to many research about space syntax,
pedestrian movement can be estimated by space syntax analysis methods. Space syntax network measures used in the
study presented here in order to evaluate pedestrian movement that are affected by the spatial structure of the campus.
On the other hand, there are probably a lot more factors that play a role pedestrian movement but space syntax does not
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consider attractions that might bring people to different streets. These attractions could be shopping malls, transport
stations, workplaces etc. (Iqbal, 2011). Moreover, there are more factors that can play an important role to determine
pedestrian flow. These may be the population of residents in areas, the width of walking streets, different barriers on
streets etc. (Næss, 2006). These kinds of factors were not take into account in this study, only student population of the
campus were used to help assessment of street structure of the campus. By the way space syntax is one of the most
important methods that provides quantitative description of environment (Haq & Girotto, 2003).

METHODOLOGY
The programs that I have used to conduct my space syntax analysis for Davutpasa Campus are QGIS and DepthmapX.
Space syntax toolkit and DepthmapX were told in sub sections. Conventionally, space syntax analysis begins by
generating a representation of street networks called the axial lines. Axial lines were generated from Open Street Maps.
So, axial lines in this work have been hand drawn in QGIS. An axial map has been created for the next steps of space
syntax analysis. The axial map for Davutpasa Campus has been particularly interesting and has served as the foundation
for studying relationships between pedestrian population and street morphology. The axial map contains the least set of
the longest straight lines that can be drawn in open spaces. The axial map can be represented as a graph. The only
difference between graph and axial map is different representation of same feature of an area All possible walking paths
for students have been included in the space syntax analysis, so the axial map does not cover all the streets in the
campus. The axial map in this work is intended to show pedestrian flow in the campus settlements. It can be described
by axial maps with the minimal set of the longest straight lines of unobstructed movement that crosses and
interconnects all open spaces in the system (Hillier & Hanson, 1984). Furthermore, whenever, we are referring to the
axial map we use number of lines; referring to the graph we use number of nodes (Teklenburg, Timmermans, & Van
Wagenberg, 1993).
There are two measures used in this study; connectivity and integration. Firstly, the interface of design and planning
variables is street connectivity which is related to land-use and population density and movement patterns (Özbil &
Peponis, 2007). Segment-based connectivity measures offer a systematic frame through which to evaluate the urban
pattern in terms of its potentiality or density of streets and structure or configuration (Peponis, Bafna, & Zhang, 2008).
The segment analysis was carried out using representations of street networks. In addition, connectivity is a basic
measure indicates that the total number of nodes at radius 1, how many other lines are only one step away from each
line (Millán-Gómez & Birgonul, 2016). Connectivity graphs where hot colors (red, orange, yellow) indicate high values
and cold colors (blue, green) stand for low values are starting point in this topological approach.
Secondly, integration measure is a measure of how deep each location is to all others. A well-integrated location is
shallow in terms of number of steps to all other locations, so one does not have to turn often to get from the location to
any other in the system. A poorly integrated location is deep with respect to the other locations. Well integrated
locations are colored red, poorly integrated ones are colored blue. Moreover, integration indicates, how easily one can
reach to a specific street or the line of the axial map. When computing access to one line from all the other lines of the
axial map it is called as global integration, if the integration value computed based on a given number of lines (radii), it
is called local integration. This measure leads to intelligibility and intelligibility refers to movement interface between
strangers and inhabitants of an area (Hillier, 2002). Intelligibility is form of Pearson product-moment correlation
coefficients (r) (Millán-Gómez & Birgonul, 2016).
Generally, space syntax methods are used to evaluate the spatial structure of the street network with graph-based
parameters. These methods have some analytical features: first, the street segment is the urban unit rather than the
points of connection between street spaces; this is referred to the dual graph representation. This derive from a demand
to approximate people’s actual experience of moving from space to space rather than from intersection to intersection.
Second, the way of measuring the distances in the street network using space syntax techniques is not metric, but is
done by calculating the angular change when moving from one street segment to another (Dhanani, Tarkhanyan, &
Vaughan, 2017)

DepthmapX
DepthmapX is a multi-platform software platform to perform a set of spatial network analyses designed to understand
social processes within the built environment. It works at a variety of scales from building through small urban to whole
cities or states. At each scale, the aim of the software is to produce a map of open space elements, connect them via
some relationship such as inter-visibility or overlap and then perform graph analysis of the resulting network. The
objective of the analysis is to derive variables which may have social or experiential significance (Varoudis, 2012). For
this we used the DepthmapX multi-platform software, improved by Tasos Varoudis as enhanced version of Depthmap.
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Case Study
Student population of each building in the campus was accepted as the number of pedestrians in the campus. So, this
population information is used for estimated number of pedestrians in the campus. Generally pedestrian numbers are
calculated from gate counts, which is a technique for observation pedestrian flow. Likewise, there are number of
techniques for pedestrian count. For a most advance example, London has a center, called Transport for London(TFL),
which can provide the datasets including actual pedestrian activity (Dhanani et al., 2017).
In this study, axial lines were drawn from Open Street Map as. After that, verification is the necessary process checking
possible geometry and topology problems with the model. Then, axial and segment analysis were carried out. These
analyses were done at local and global radius. Both local and global integration values were generated from axial map
analysis. These values are not geometric measures. Oppositely, they are topologic measures that gives us the number of
axes or steps connected to each of them. So, a step is considered that it is a line segment between two intersection points
(Arslan & Şıkoğlu). Thus, the point which is connected with the most axes around will be the most accessible points
(Hillier & Hanson, 1984). As final step, analyzing street network with space syntax and post process of analysis results
such as attribute naming, selection and calculations were done by attributes explorer in Space Syntax Toolkit.
Table 1 shows the average student population for each faculty and library and dining hall. This data is taken from
Department of Student Administration and Department of information Technologies and it belongs to 2017-2018 spring
semester.
Table 1. Student population of Campus Buildings
Name of Building

Number of Students

Faculty of Education

1899

Faculty of Electrical and Electronics
Engineering

3557

Faculty of Arts&Sciences

3000

Faculty of Economics and
Administrative Sciences

2136

Faculty of Civil Engineering

2767

Faculty of Chemical and
Metallurgical Engineering

3730

School of Foreign Language

304

Faculty of Art&Design

761

Dining Hall

3492

Library

3548

Space Syntax Toolkit
The Space Syntax Toolkit (SST) is a QGIS plug-in for spatial network and statistical analysis. It offers user friendly
space syntax analysis in a GIS environment also is a front end for depthmapX. Mainly, it supplies advanced analyzing
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of standard GIS data and also visualization features. SST includes two modules; graph analysis and attribute Explorer. It
is an open source Project developed at the Space Syntax Laboratory, The Barlett School of Architecture, UCL.
Originally developed by Jorge Gil at the Space Syntax Laboratory, The Bartlett, UCL, the plugin includes contributions
from: Space Syntax Limited - Ioanna Kovolou, Abhimanyu Acharya, Stephen Law, Laurens Versluis. This toolkit is
new and it is introduced at the 11th International Space Syntax Symposium in Lisbon at 2017.
Basic feature of the SST is that working with depthmapX for space syntax axial and segment graph analysis. Graph
analysis module involves an axial map layer and unlinks layer. Unlinks can be point, line or polygon but there is no
unlinks in the campus area, so unlinks layer was empty. This module has verification tool for checking the geometric
and topological integrity of each these layers. The verification process must be carried out before running the analysis
(Gil, Varoudis, Karimi, & Penn, 2015).
In this study, after verification process, axial and segment analysis were performed in depthmapXnet via direct link
from QGIS. Both axial (topological) and segment (angular) analysis were carried out for the campus. When the radius
distance is chosen as “n” or “0”, that means global analysis. Topological steps for axial analysis and metric distance in
the case of segment analysis. Radius 1 equals to connectivity and radius 2 equals to local analysis as R3 in most
literature. After all analysis were done, the analysis results were examined using Attributes Explorer tool. With this
module, quick analysis of individual attributes of layers, visualization of values on the map, preparation of descriptive
statistics can be done easily.
Figure 1 shows the axial lines as an initial data for space syntax analysis. Both axial and segment analysis were carried
out based on this data.

Figure 1. Representation of Axial lines

RESULTS
Street network structure was analyzed by axial and segment map analysis. The dark red and orange shades in the figure
below are highly integrated areas and the green, blue axes are the less integrated areas in the spatial structure. For both
axial and segment analysis, movement potential diminishes from red to blue (red> orange> yellow> green>
blue>indigo). Figure 2 and Figure 3 indicate the global integration and connectivity of the campus. According to this
figures red segments are the most integrated parts and it means that street accessibility of these parts for pedestrians is
more than other segments. On the other hand, light blue segments as the most segregated parts and it means that they
are not integrated to whole campus street network.
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Figure 2. Global integration of axial map
It is clearly seen that integration core formed around the most integrated lines.

Figure 3. Global connectivity of axial map
In segment map analysis, blue tones represent the low values integration in Figure 4 whereas red tones indicate high
values. It means that red lines have more connected lines in the spatial system. In figure 5, global and angular
connectivity are shown. Angular connectivity is total turn angle to a segment. The number of segments directly
connecting a segment is global segment connectivity.
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Figure 4. Global integration of segment map

(a) Global connectivity

(b) Angular connectivity
Figure 5. Connectivity of segment map

There are two results calculated from these integration and connectivity values; intelligibility and synergy. Firstly,
intelligibility refers to correlation between axial connectivity and axial global integration. So, it is based on axial
analysis. Moreover, If a system can be read and understood completely, it can be implied that whole system can be read
from the parts (Hillier, Burdett, Peponis, & Penn, 1987). In other words, if areas become less intelligible, these areas
become more tend to lose the relationship between spatial integration and movement (Penn, 2003). Intelligibility relates
local and global measures to each other. Furthermore, Intelligibility and integration are two fundamental terms defining
spatial structure of a settlement or a urban system (Çil, 2006).
Intelligibility, measured in this study, is the correlation between global integration and local connectivity. Intelligibility
of the campus is shown in Figure 6. In the scatter plot, y axis (dependent variable) remains constant allowing the quick
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comparison of different independent variables selected in the attributes list. In the scatterplot, the correlation coefficient
(r) and the linear regression of two variables, r2 and linear equation are shown.

Figure 6. Correlation between global integration and connectivity
Secondly, synergy is the correlation between local and global integration. This relation is represented in Figure 7. r2
value is 0.7785. According to synergy of the campus, it can be understood that the relationship between local and global
integration is successful. It can be said that the campus is well integrated system both at micro and macro level.

Figure 7. Correlation between local and global integration
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Figure 8. Representation of integration values of axial maps and student population
In figure 8, student population was represented with colors. Student population diminishes from dark blue> white > red.
Whereas the intelligibility is low, synergy of the campus is high. It is clearly seen that places where there are many
student populations are areas where the most integrated lines are. In addition to that, lines with high integration value,
provide more accessible way to reach the places where the student population is intensive. Thus, it can be said that
Davutpasa campus has easy accessible areas where the pedestrian population is high. So, according to this result,
current situation of street morphology is enough to meet the pedestrian needs.

CONCLUSION
This paper contributes with different perspective to analyze the campus street network. Assessment of campus
accessibility was investigated through measuring campus walkability with using space syntax analysis methods.
However, it does not include impacts of environmental characteristics. This study evaluated spatial configuration of the
campus street using space syntax analysis methods. The key of more livable campus is based on becoming more
accessible campus. For further studies, gate counts will be used to determine pedestrian demand and results of this study
and its results will be compared to this study results. This study also will be used as basis for my future studies.
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Abstract
Linked Data approach represents an interesting and promising phenomenon of the world of information technologies.
Its benefits consist in openness, independence, stability of identifiers and high-level standardization. But its main
advantage is the opportunity to interconnect data objects with other data objects entities in the Linked Data cloud.
These connections can be based on hierarchical relations (subsumption), identity or similarity, topological or
mereological (part-whole) properties. This paper wants to introduce and to describe the main resources providing socalled Linked Geo-Data (Linked Data on the geographical domain). They include specific geographical resources such
as GeoNames.org or LinkedGeoData as well as general resources such as DBpedia, Wikidata or AGROVOC. Besides
the short description of each selected resource, there is also a comparison of important properties of Linked Data
resources such as export formats, implemented standards or links to other resources. Test of particular data object is
realized on the data set of selected world countries. The results of this paper could be useful for any user dealing with
geographical data. He or she will be able to find relevant data sets in the Linked Data cloud (data with spatial entities,
statistical data, etc.). Afterwards such user can produce new derived data for future analyses. This approach profits
from the important benefits of Linked Data – data are stored and maintained by a real producer (owner) and users just
work with interconnected data object from various resources.
Keywords: Linked Data, Data resource, Geographical data

INTRODUCTION
Linked Data (or Linked Open Data) is one the main growing groups of data. It is phenomenon, which is not limited by
domain or by any property (such as geometry or way od representation) or by a specific technology. Linked Data are
based on common approach – to be able to interconnect any data object with other features in the same dataset as well
as in other external data resources. This key property of Linked Data is guaranteed by other conditions – such data has
to be open (or published under a clearly defined license), accessible on the Internet by a standard way, identifiable by a
unique identifier and provided by a standardized semantic way. Just such data can be interlinked with other data record
by a hierarchical, identity or similarity, topological or mereological relations.
This research is not focused on Linked Data in general. Its main goal is to analyse and describe the state-of-the-art of
Linked Data on the geographical domain (so-called Linked Geo-Data; this term is used by many respected authors such
as [1-3]. This type of data is very specific (big size, global coverage, localization attributes related to spatial queries
etc.), therefore it should be paid close attention to the intersection of Linked Data and geographical data, because this
relation can generate many new research problems. Moreover experts on geographical data are not used Linked GeoData on the level corresponding to its real importance. This research wants to find reasons.
This paper wants to introduce and describe the main resources providing Linked Geo-Data. They include specific
geographical resources such as GeoNames.org or LinkedGeoData [1] as well as general resources such as DBpedia [4],
Wikidata [5] or AGROVOC [6]. Besides the short description of each resource, there is also a comparison of important
properties of Linked Data resources such as export formats, implemented standards or links to other resources. Test of
particular data object is realized on the data set of selected world countries.
The document is structured as follows. The short overview of Linked Data theory comes after the Introduction. After
that there is a description of particular data resources, including the explanation of their selection. The next sections
consists in the comparing of the resources and discussing of a potential of particular resources for real implementation.
In the last part there are all results summarized.
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BRIEF OVERVIEW OF THE LINKED DATA THEORY
The Linked Data is the unique approach creating seamless and interconnected data network on the Internet. Data object
are published by three respected and standardized web technologies technologies – URI (Uniform Resource Identifier),
HTTP (Hypertext Transfer Protocol) and RDF (Resource Description Framework). The main principles were published
twelve years ago by the founder of World Wide Web Tim Berners-Lee [7].
The Linked Data is closely connected with 5-star ranking of the Linked Open Data [7]. This set of cumulative rules
evaluate Linked Data, but it also provides directions how to construct Linked Data. The 5-star ranking system is
composed from following rules (based on [7]):
•

Data on the web with an open licence

•

Data provided as machine-readable structured data

•

Data in a non-proprietary format

•

Using open standards from World Wide Web Consortium – W3C (RDF and SPARQL Protocol and RDF
Query Language) to identify things

•

Linking data to other data to provide context

The combining ability is the main benefit of Linked Data [8, 9]. It enables production and derivation of new knowledge
as well as opportunities of development of new applications or services. Combinations of data from different resources
are very important from the view of communication and sharing.
Real Linked Data sets can be divided into vocabularies (thesauri) – data containing types of object (concepts) and
providing primarily semantic information; and databases containing particular data objects (instances). The objects in
vocabularies are mainly connected by hierarchical and identical relations. The data objects (as instances) can use also
topology or mereology. The EuroVoc [10] or GEMET are typical representatives of vocabularies. LinkedGeoData or
GeoNames.org can be classified as databases containing data objects. There are also tools combining both types such as
DBpedia or Wikidata. This paper is focused on data objects, therefore the set of selected resources published in the next
section does not include any vocabulary. Detail information on Linked Data, which are out of scope of this paper, are
provided by many publications such as [11] or [12].

LINKED GEO-DATA RESOURCES
The relevant resources containing geographical Linked Data were selected on the basis of searching through the
network of occurrences of the same object in various Linked Data databases interconnected by standardized relation
describing identity or close similarity. The publications [13, 14] describe this approach as “follow your nose” principle.
The script based on sequential scanning of standardized identical links (details published in [15]) generates networks
and graphs (the article [16] calls this type of graph as the data network) containing Linked Data resources as nodes and
identity or similarity links among particular representatives of data objects as edges (the example of data network for
the object “Qatar” is in the figure 1); green colour means correct resource or relation, links or resources containing a
semantic error are coloured by yellow and resources and links affected by a technical error are red).
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Figure 1. Example of data network.
The final selection of the most important data resources containing spatial data published through the Linked Data
approach was created by the summarization of the resources appearing in the data networks of sample data (countries of
the Organization of Arab Petroleum Exporting Countries, OAPEC) with consideration of Linking Open Data cloud
diagram (lod-cloud.net) as well as experience and previous publications of the author [15, 17]. The OAPEC countries
were chosen because it is small, but very unique sample of typical geographical entities, which are very heterogeneous
(various continents or system of government), in several cases even disparate (such as living standards or size) on the
one hand, but on the other hand these countries have many mutual features (such as religion or oil production).
The following list contains selected data resources collected by the summarization of data networks of sample data.
There are just items without any technical error detected by the script. For example the Freebase, which is found almost
in each data network, was not included because the project was stopped two years ago. But in case of several resources
(LinkedGeoData, World Bank Linked Data and Transparency International Linked Data) servers, web pages presented
data, map clients or SPARQL endpoints did not working during the time of testing (26 March 2018). Therefore
information on these resources were collected from secondary resources (documentation, web sites etc.). The resources
are in alphabetical order.
1. AGROVOC (aims.fao.org/standards/agrovoc/linked-data)
2. DBpedia (dbpedia.org)
3. GeoNames.org (geonames.org)
4. Library of Congress Name Authority File (http://id.loc.gov/authorities)
5. LinkedGeoData (linkedgeodata.org)
6. STW Thesaurus for Economics (zbw.eu/stw)
7. Transparency International Linked Data (transparency.270a.info)
8. VIAF – Virtual International Authority File (viaf.org/viaf/data)
9. Wikidata (wikidata.org)
10. World Bank Linked Data (worldbank.270a.info)
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COMPARISON OF LINKED GEO-DATA RESOURCES
The first criterium of comparison of Linked Data resources is their functionality. Although the above mentioned script
for creating data network is able to identify resources with an error, there appeared three other resources, which does
not work reliably during the test realized 26 March 2018. These resources includes LinkedGeoData (functioning
SPARQL endpoint, but any information on particular parts of RDF triples was unavailable) and both resources provided
by the domain 270.info – Transparency International Linked Data and World Bank Linked Data (attributes and
properties of data records were not accessible). Because of these reasons several information of above mentioned
resources was not found or it were gained from secondary resources (web pages, metadata). This fact needs to taken
into consideration during an interpretation of results of the research.
Except the functionality there were chosen three groups of criteria for the comparison of the important Linked Data
dealing with geographical domain (Table 1). The first group of conditions follows on from the 5-star Linked Open Data
ranking [7], which is the key approach of Linked Data evaluation. The following list contains particular criteria and
their interconnection to items of 5-star Linked Open Data ranking scheme – web accessibility (*), open licence (*),
machine-readable data format (**), non-proprietary data format (***), RDF (****) and links to external data (*****).
Table 1. Evaluation based on criteria following 5-star scheme of Linked Open Data.
Resource

Web
accessibility

Open licence

Machine
readability

Nonproprietary
format

RDF

Links to
external data

AGROVOC

Yes

Yes

Yes

Yes

Yes

Yes

DBpedia

Yes

Yes

Yes

Yes

Yes

Yes

GeoNames.org

Yes

Yes

Yes

Yes

Yes

Yes

Library of
Congress Name
Authority File

Yes

No

Yes

Yes

Yes

Yes

LinkedGeoData

Only
SPARQL
endpoint

Yes

Yes

Yes

Yes

Not found

STW Thesaurus Yes

Yes

Yes

Yes

Yes

Yes

Transparency
International
Linked Data

No

Yes

Not found

Not found

Not found

Yes

VIAF

Yes

Yes

Yes

Yes

Yes

Yes

Wikidata

Yes

Yes

Yes

Yes

Yes

Yes

World Bank
Linked Data

No

Yes

Not found

Not found

Not found

Yes

The following five properties (Table 2) of data resources are not declared in one formal document, but they are
mentioned in various articles or papers such as [18-22]. These properties can help the Linked Data processing or they
indicate a data quality. This group contains criteria such as identifiers are understandable (readable) for humans,
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SPARQL endpoint, JSON (JavaScript Object Notation) as the output format, data update during the last year and
stability of data provider (data are maintained by an organization, not by an individual).
Table 2. Evaluation based on extended criteria.
Resource

Understandable
ID

SPARQL
endpoint

JSON format

Update during
the last year

Stable provider

AGROVOC

No

Yes

Yes

Yes

Enterprise, international
organization or foundation

DBpedia

No

Yes

Yes

Yes

Enterprise, international
organization or foundation

GeoNames.org

No

Third party

No

Yes

Enterprise, international
organization or foundation

Library of
Congress Name
Authority File

No

No

Yes

Not found

Enterprise, international
organization or foundation

LinkedGeoData

No

Yes

Not found

Yes

Academic sphere

STW Thesaurus No

Not found

No

Yes

Academic sphere

Transparency
International
Linked Data

ISO Country
Codes

Not found

Not found

No

Individual

VIAF

No

No

Partial (only
links)

Yes

Enterprise, international
organization or foundation

Wikidata

No

Yes

Yes

Yes

Enterprise, international
organization or foundation

World Bank
Linked Data

ISO Country
Codes

Not found

Not found

No

Individual

The last category of the criteria (Table 3) for the validation of Linked Data resources dealing with geographical domain
covers properties, which are specific for geographical or spatial data. There is just a pair or characteristics – data
contains coordinates and data includes attributes related to geography (for example demographical records).
Table 3. Evaluation based on criteria connected to geographical domain.
Resource

Coordinates

Additional geoinformation

AGROVOC

No

Membership in international organizations and
cross-border regions

DBpedia

Only points

Large portfolio of geoinformation

GeoNames.org

Only points

Basic information
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Library of
Congress Name
Authority File

No

No

LinkedGeoData

Yes

No

STW Thesaurus No

Not found

Transparency
International
Linked Data

No

Corruption Perceptions Index

VIAF

No

No

Wikidata

Only points

Large portfolio of geoinformation

World Bank
Linked Data

No

Statical figures related to the global economy

The majority of above mentioned criteria are understood as binary, but several of them are divided into more detailed
parts. For example coordinates (Table 3) can be complete or only points or stability of provider (Table 2) is classified to
three categories – individual, academic sphere and enterprise, international organization or foundation.

DISCUSSION
Because of geo-data are used for spatial analyses and it is visualized by cartographic methods the crucial property of
geo-data is the existence of coordinates. Therefore the initial Linked Data resources of geo-data should contain
coordinates, because other attributes can be interlinked by standard relations. From the table 3 it is evident, that current
Linked Data resources do not include coordinates in many cases. There are four exceptions – DBpedia, GeoNames.org,
Wikidata and LinkedGeoData. The first three resources contain only points coordinates for all types of features. Linked
GeoData respects the structure of the OpenStreetMap [23] and describes nodes (point features) and ways as chains of
nodes. But the existence of coordinates and their format or type cannot be authenticated because of a resource error.
Based on the existence of coordinates there are three Linked Resources important from the view of geomatics and
geoinformatics. The comparison of criteria of these resources mentioned in tables 1, 2 and 3 shows that all of them
publish data as 5-star Linked Open Data. But other criteria work in favour of DBpedia. It has identifiers understandable
for humans (Algeria: DBpedia – dbpedia.org/page/Algeria, Wikidata – www.wikidata.org/wiki/Q262, GeoNames.org –
sws.geonames.org/2589581/). Unlike GeoNames.org the DBpedia (as well as Wikidata) publishes data in JSON format
and provide the own SPARQL endpoint. DBpedia and Wikidata also offer the most of information from geographical
domain, because GeoNames.org is primarily a gazeteer.
The top spot of the DBpedia is supported by standardized syntax (in comparison to Wikidata) and its dominant (central)
position in the data network (see Figure 1). This dominance does not follow from the data sample used in this article,
but also from the extensive research of a possibility of evaluation of Linked Data resources by computing of centrality
values [17]. DBpedia showed the highest values of inegree and closeness centrality and the second highest numbers in
outdegree and betweenness centrality.
As it was described in previous paragraphs, DBpedia and Wikidata can be used as the basic data resources for Linked
Data in the geographical domain. Both datasets provide similar amount and quality of information (they use the same
primary resource), but DBpedia has several advantages in comparison to Wikidata (the detail comparison of DBpedia
and Wikidata as resources of geo-data is published in [24]). The other resources mentioned in the sections Linked GeoData Resources and Comparison of Linked Geo-Data Resources can be used in following ways:
•

AGROVOC can be used in the level of states as the high quality source of information on international
organization and other cross-border subjects. In this case there is important the connections of AGROVOC to
the FAO (Food and Agriculture Organization of the United Nations) Geopolitical Ontology.
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•

GeoNames.org is the typical and very detailed gazetteer – the geographical dictionary containing the list of
features on the various levels of detail (from countries and continents to the small villages).

•

LinkedGeoData could be (in case of becoming operating) the sources of data object of the very detailed level
of particular buildings or other geographical features.

•

Transparency International Linked Data and World Bank Linked Data (and other resources from the domain
270a.info such as data from Eurostat or national statistic offices) can be used as a source of detail and domain
specific statistical attributes. But there have to be satisfied two crucial conditions – regular update and
accessibility.

•

Other tested resources can have application in other domains (such as library science), but their exploitation in
geographic domain is useless.

It is necessary to wise up to the fact, that all mentioned data resources deal with derived data, which was collected from
one (Wikidata, DBpedia, LinkedGeoData or data from 270a.info domain) or more (GeoNames.org) resources. Also the
quality of original data is varied. GeoNames.org deals with data provided by state administration or official institutions,
but Wikidata or LinkedGeoData use data, which was created as a combination of open data provided by governmental
subjects and volunteered geographic information.

CONCLUSSION
The paper introduces the important data resources providing geo-data with use of Linked Data approach. The relevant
resources were collected by “follow your nose” principle, which was was implemented on data sample (OAPEC
countries). The discovered resources were evaluated by three groups of criteria – properties related to 5-star Linked
Open Data ranking, extended criteria for Linked Data and characteristics connected to geo-data.
The goal of the research was not to develop a ranking for data resources and select the best database, but to show
advantages, weak points, opportunities and fitting ways of usage for particular resources. This information is
summarized in the Discussion section.
The further research on this field can be extended by following issues – higher number of Linked Data resources (for
example data from Eurostat, national projects or Database of Global Administrative Areas), focus on resources
containing vocabulary items connected to geographical domain, new criteria for evaluation of resources (for example
feature metadata, origin of data or interconnection to a semantic tool)
The results of this paper could be useful for any user dealing with geographical data. He or she will be able to find
relevant data sets in the Linked Data cloud (data with spatial entities, statistical data, etc.). Afterwards such user can
produce new derived data for future analyses. This approach profits from the important benefits of Linked Data – data
are stored and maintained by a real producer (owner) and users can work with interconnected data object from various
resources.
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Abstract
Continuous automated measurements of meteorological elements allow their online presentation to the public and to
state security agencies. National Meteorological and Hydrological Services (NMHSs) are today responsible for
providing quality and timely information on the meteorological situation in a comprehensible form. The basic time step
of meteorological measurements in the Czech Hydrometeorological Institute is a 10-minute interval, and overview
graphs of selected values in a 48-hour time window are presented at the same interval. Possible occurrence of
individual missing values is interpolated by polynomial interpolation before the presentation, outages longer than 40
minutes are interpolated by the IDW interpolation method using surrounding meteorological stations. However, the
length of IDW interpolation is limited to a maximum of 24 hours. IDW interpolation is defined for each station and
element, and the authorized administrator of the application can modify the interpolation parameters (change the
radius, add or remove surrounding stations). The CLIDATA/GIS application provides basic temperature maps (hourly,
average daily, maximum daily and minimum daily), rainfall (daily sum, snow depth and total snow depth) and daily sum
of global radiation. The data sources (10M data) are checked on a daily basis in the CLIDATA application using
prepared outputs - adding missing and checking the interpolated values, checking defined limits and checking the
element’s dependencies. Errors and outages of automated measurements arise in the event of telecommunication
transmission failures or voltage fluctuations. After the check, the outputs (graphs and maps) are automatically updated.
Keywords: Data quality control, Meteorological data, Spatial analysis, Polynomial interpolation, IDW interpolation,
Data presentation

AUTOMATISATION OF METEOROLOGICAL MEASUREMENT
Automatization of meteorological stations has been increasing regular data capacity. Nowadays the Czech
Hydrometeorological Institute (CHMI) takes care about 350 standard automatic climatological stations and more than
100 supplementary climatological stations. These stations produce 10 minutes data that is importing to the CLIDATA
database continuously. Except of synoptic (professional) and voluntary automatic meteorological and climatological
stations there are a lot of data from hydrological stations and air quality control stations, stations of other companies
(water managements and road managements authorities) as well as data from foreign meteorological stations. Despite
reliable stations operation there are some errors during failure of whole stations or some sensors, plugging of rain
gauges or during data transmission. Ten minutes data (10M) is not possible to control by methods determined for
climatological data (usually twice or three times a day). Therefore we tried to find methods and algorithms for checking
of regular data. The main target is to detect and repair or complete wrong or suspicious data as quickly and effectively
as possible.

QUALITY CONTROL OF REGULAR 10M DATA
Methods used for regular on-line QC in CLIDATA are described together by theoretical background of these methods
by Řepka, et al (2017). The regular QC application is made analysis of 10M data and detected wrong, suspicious or
missing data using the predefined algorithms. User has to manage the 9 groups of detected values (see Fig. 1, left part).
Each corrected or complemented value is marked by standard flag. Flag means how was the value corrected (estimation,
calculation, interpolation).
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Figure 1. Main part of regular QC application

Examples of QC information
One part of application presents the differences between consecutive intervals. Meteorological elements are controlled
according to defined limit values by comparing values of two consecutive (following) 10M intervals. If the difference is
higher than limit (for example 2 hPa for air pressure, 3 °C for air temperature or 1 °C for soil temperature) the system
informs the user (Fig. 2). User have to correct or delete the values, or (it is not case) may label values as OK. Values are
displayed in the table and also as graph (more elements) and user can directly rewrite correct or estimated value and
store it in the database with particular flag.

Figure 2. Example of regular QC for T05, red line (soil temperature 5 cm below ground)
Another type of error detection is prepared according elements dependences (for example maximum temperature is less
than minimum temperature or wind speed without wind direction) or as comparison with historical extremes for
individual station. The special reason for error is on the Fig. 3 – the values are interpolated (see next chapter).
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Figure 3. Example of regular QC for TMA and T (maximum temperature less than temperature)

INTERPOLATION OF MISSING OR SUSPECTED VALUES
Completeness of measured data is controlled there. Complete dataset for 10M data contains 144 values per day. For
selected elements (average wind speed, humidity, soil humidity, air pressure, air temperature and soil temperature) the
missing values are automatically interpolated by polynom. The number of continuous interpolated values should be less
than 5 (40 minutes as maximum). Longer break in time series (1440 minutes, it is 24 hours, as maximum) may be
interpolated for some elements by IDW method.

Interpolation by polynom
If the length of the break is up to four 10M values, system calculates the missing value of average wind speed,
humidity, soil humidity, air pressure, air temperature and soil temperature by polynom. The application uses the
Ferguson's 3rd degree interpolation polynomial (Salomon 2006) for interpolation of missing values (T1 to maximum T4).
Starting point (P1) is the last value in the time series and the end point (P2) is the first value after the interruption. For
the definition of the polynomial the tangents (t1 and t2) are defined by the last two points (P1 and P0) before the
interruption and by the first two points (P2 and P3) after interruption (Fig. 4).
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Figure 4. Definition of Ferguson's 3rd degree interpolation polynomial
The interpolated values are flagged by special flag for interpolated values (Fig. 5).

Figure 5. Example of interpolation of two missing temperatures by polynom

Interpolation by IDW method
If the length of the break is longer than 4 and less than 1440 missing values system uses the inverse distance weighting
(IDW) statistic for interpolate average wind speed, humidity, air pressure, air temperature and soil temperature. We use
the IDW interpolation for one hour precipitation amount and one hour sun shine duration for the break of maximum 144
(24 hours) missing values also. Administrator may define the parameters of IDW for each station and each element in
particular (Fig. 6).
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Figure 6. Example of IDW definition for Prague-Ruzyně station (hourly precipitation amount)
The interpolated values are flagged by special flag for interpolated values (Fig. 7). The application prefers the
polynomial interpolation of selected meteorological elements (average wind speed, humidity, soil humidity, air
pressure, air temperature and soil temperature) to IDW interpolation (the short break is always interpolated by
polynom). For one hour precipitation amount and one hour sun shine duration application uses only IDW interpolation.

Figure 7. Example of interpolation of twenty missing temperatures by IDW

SPATIAL ANALYSIS OF METEOROLOGICAL DATA
The values of the selected meteorological elements are automatically presented in the map section of the Czech
Hydrometeorological Institute in the 1 hour, 1 day and 1 month time scales (Fig. 8). This is only possible because the
values are subject of the automatic checking and labelling of missing and suspicious values, described above. The
application CLIDATA uses the MLWR method for spatial analysis of temperature and snow cover and the IDW method
for precipitation and solar radiation.
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Figure 8. Hourly, daily and monthly maps of selected meteorological elements (www.chmi.cz)

Description of MLWR method
The application uses the digital terrain model of the Czech Republic (grid 100 x 100 m). In the first step, the most
suitable stations are selected for each point based on the combination of terrain and the smallest distance (Němec, Stříž
2011). Each station is assigned a weight according to the formula:
, where
Wh

is weight of the horizontal distance between the grid point and the station,
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Wv

is weight of the vertical distance between the grid point and the station,

Wa1, Wa2

are weights of slope orientation and slope between the grid point and the station,

Wc1, Wc2

are the terrain convexity weights between the grid point and the station and

wh , wv , wa1 , wa2 , wc1 , wc2 are optional coefficients, the sum of which is equal to one.
The values of the individual coefficients depend on the meteorological element and the specific meteorological
situation. The analysis uses for each point n the highest weight stations (maximum number is 10 stations) from which
the element value is calculated by the smallest square method. The method may calculate the correction according to the
differences in the values measured at the stations and the calculated regressions.

CONCLUSION
AWS data is stored in databases at 1 hour or more often at 10 minuutes intervals. The AWS in CHMI imports about
28,000 values each 10 minutes. It is not possible to rely on manual user QC of this data. Therefore, applications are
developed to check, label, and optionally update and repair data automatically. The paper shows several examples of
such methods used in the CHMI in the CLIDATA application. This control system is further developed and edited. Our
data in on-line mode can be presented to the public nowadays. CLIDATA prepares maps (and other graphical outputs)
of selected meteorological elements for the CHMI portal. The public has the opportunity to continuously monitor the
quality of our data and, if necessary, to draw attention to untreated discrepancies and errors.
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Abstract
Points of interests (POIs) describe a geographic entity that users are focused on such as a school. The different types of
POIs are represented by the cartographic symbols. Its positional accuracy on a map is usually considered good if the
symbols are inside a polygon feature. However, the correct location for the POIs is the place close to the front edge of
building footprints. In this study, we aim to develop an algorithm which identifies the possible front edges of buildings
by considering the geometry of the network and building blocks in urban areas. The building blocks are derived from
amalgamating the footprints near to each other in the partitions obtained from the street network. The each line
segment is extracted from the blocks, and its probability of being on the front edge is calculated. Finally, the results are
compared by the real statuses obtained from the street perspectives.
Keywords: VGI, POI, Geocoding, Navigation, Map symbol, Building footprint,

INTRODUCTION
Points of Interest (POI) are zero-dimensional features which refer to specific locations or real-world entities in
geographical space, such as historical sites, landmarks, public services, shops, restaurants, or bars etc. (De Tré, 2013;
Jonietz and Zipf, 2016). The POIs are the basis for most of the data supporting location-based applications. The
different types of them are represented by the cartographic symbols which are designed to illustrate actual entities. They
easily crowdsourced by citizens, and are often a major part of the volunteered geographic information (VGI) projects
supported by open or commercial organizations. In the data-rich environment provided by VGI projects, one of the
fundamental issues is the quality of POIs. There are several studies focused on the quality of POI datasets based on the
different assessment methods such as the measuring completeness index (Mashadi et al. 2015), the logical consistency
(Corcoran et al. 2010), the actuality, the thematic accuracy (Fan et al. 2014) and the positional accuracy (Hochmair and
Zielstra, 2012; Arsanjani, et al 2013).
In most cases, the quality of the crowdsourced data is assessed by a reference dataset obtained from authoritative or
commercial sources. For instance, Girres and Touya (2010), made a comparison between OSM POIs and IGN BD topo
maps to determine the positional accuracy, the semantic accuracy and the currentness of datasets. Typical indicators for
the positional accuracy are Euclidean distances between co-referent points, distance deviations on the X- and Y-axis, or
the evaluation whether, and in case of line or polygon features how much of, a feature from a crowdsourced dataset is
located within a certain buffer zone computed around a reference feature (Jonietz and Zipf, 2016). Touya et al. (2017)
examined the spatial relationships between the POIs and its expected surrounded features to determine the positional
accuracy. They evaluated that the quality of a POI is poor, if there are impossible or improbable spatial relations within
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the features, e.g., a shop POI is outside a building. This use of spatial relations to guide the quality assessment were also
implemented in Touya et al. (2013).
In such case, the main problem is that POIs are points that represent a geographic entity that has a geographic extent
often much larger than the point (Touya et al. 2017). Commonly, the volunteer citizens commonly place them directly
on top of the specific footprint or directly in front of it (Hart and Zandbergen 2013). These are valid and acceptable
representations. The positional accuracy is usually considered good if the symbols are usually inside a building footprint
that is used as the reference spatial data by capturing the edge of the roofs from high resolution georeferenced satellite
images. There are two ways used to place the cartographic symbols on the building footprint: put the POI at the center
of the footprint, or at the entrance of the building (Touya et al. 2017). However, the correct location for the POIs is the
place close to the front edge of the building footprints. The front edge is determined by considering the actual status of
the building's main entrance door. This is usually not considered by the citizens. Also, it is very important issue that
needs to be taken into consideration in the consistency of geocoding and navigation applications for the online map
services such as OSM, Google, Bing, etc. In this study, we aim to develop an algorithm which identifies the possible
front edges of buildings by considering the geometry of the network and building blocks in urban areas. Accordingly,
the characteristic points where a volunteer can place the cartographic symbol to the entrance of the building will be
presented as suggestions. The user will be able to place the symbol on the building footprint properly by snapping the
most appropriate between the suggestions.

METHODOLOGY AND DATASET
The algorithm proposed in this study depens on the assumption that the front edge of the footprint is the building's main
entrance. The front edge is defined according to the building and street features in the topographic dataset. The
characteristic points for the main enterance are determined throughout the front the building’s edge.

Derivation of the Main Entrance Candidates for POIs
An urban area where the POIs are located consists of a large number of adjacent buildings touching each other. Since
the front entrances are certainly on the street sides, the edges of them are principally to be detected. However, none of
the back holes and adjacent sides of the building are a candidate edge. Firstly, a large block is derived from the
amalgamated footprints adjacent to each other in order to determine the correct edges where the POIs can be placed
(Figure 1a). The outer boundary of the large block (indicated in red lines) includes the candidate edges of each building.
The inner polygon (painted in blue) is a hole which is far from the main entrance of buildings. The common boundaries
between the footprints (indicated in green lines) corresponds to two adjacent buildings. Any POIs placed close to the
common boundaries causes confusion.

Figure 1. Amalgamated buildings with the candidate edges
Secondly, two feature classes in line geometry are derived from the outer boundary of the large block. The first feature
class contains the arcs generated by splitting the polygon boundaries to polylines at their intersections. Each polyline
refers to a front edge of a specific building. The second feature class contains the straight line segments generated by
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splitting the boundaries of blocks at their vertices. Each line segment can be considered as potentially to correspond to
the main entrance of the buildings.

Weighting the Line Segments
In this study, six measures are used to determine the most suitable line segments for POIs. They are extracted from the
geometries of objects in the two feature classes mentioned above and the street network. These measures are:
•

The length of polyline: The measure shows the length of each building's edge which is stored in the first feature
class and which is close to the street(s). For the two buildings painted in pink and orange in Figure 2, the
values are based on the lengths of purple and blue polylines respectively. If there are two adjacent buildings on
either side of a building (painted in pink), the edge is only associated with one street (indicated in brown
polyline). The number of associated streets for a corner building (painted in orange) can be more than one
(indicated in brown and gray polylines).

Figure 2. The building’s edge
•

The sinuosity of polyline: This is a measure which shows the straightness of each edge. It is calculated by
dividing the length of the straight line connecting the two end-points of a polyline by the length of the polyline.
The low sinuosity value approaching to zero indicates that the building edge has more than two vertices and
that the straightness is decreasing. If an edge has only two endpoints without any vertices, the sinuosity is
equal to one. The sinuosity values for discrete buildings are equal zero.

•

The length of line segment: The measure shows the segment lengths of each building's edge in the second
feature class. The short line segments usually show the little details on the building edge. The longer segments
can be considered to be more important than the shorter ones.

•

The closest distance to street: This measure is based on the distance between a line segment and its the closest
street feature in the network. The main entrance of a building is usually located near the street feature. The
building's edge, which is closer to the street, is more suitable for placing the POIs than the farther ones.

•

The length of street: This measure is based on a length value obtained from the street geometry closest to the
line segments in the second feature class. It can be viewed as an indicator revealing the importance of streets, if
there are alternative conditions in which the building's edge correlates with different streets (e.g. the brown and
gray lines for the orange building in Figure 2).

•

The parallelity: This is a measure indicating the state the of line segment, which is expected to be parallel to
the closest street feature. If the two lines (i.e. the edge segment of a building and its the closest street feature)
are as parallel as possible to each other, the segment is suitable for placing the related POI. Otherwise, (i.e. if
the two lines are perpendicular to each other), it is not suitable.

Study Area
The methodology is elaborated in an experimental testing region: Cihangir neighborhood which reflects an urban
character on the European side of Istanbul province in Turkey (Figure 3). The OSM POIs for the Cihangir region are
used with the source GIS data that are produced by the GIS directorate of Istanbul Municipality in testing study (Figure
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4). The GIS data covers an area of approximately 11.2 ha and contains 473 buildings (indicated in orange polygons)
with a total area of 6.3 ha. The total length of road network (indicated in black lines) is 5.4 km in that region. While
there are major shortcomings in Istanbul's OSM data, the region is quite complete because of the activities of the OSM
community.

Figure 3. Location of the study area

Figure 4. OSM data overlaid with the GIS data in Cihangir, the borders were drawn by red

Case Study
Each measure of the line segments was calculated and then stored in the attributes of the second feature class (Figure 5).
SEG_ID contains the unique numbers that identify each line segment. PLY_ID contains the identification number for
polylines in the second feature class. There is one to many relationships between the first and the second feature classes.
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A polyline can consist of multiple line segments. BUILD_ID contains the identification numbers for each building
footprint. One to many relationships between the line segments and the building footprints is also valid. SEG_LEN
contains the lengths of each line segment. PLY_LEN contains the lengths of each polylines. SINUOSITY contains the
sinuosity values of each polyline. NEAR_STR_ID contains the identification numbers of each street which is close to
the associated line segment. STR_LEN contains the lengths of each streets. CLO_DIST contains the closest distances
between the line segment and its closest street. PARALLELITY contains the angle values between the line segment and
its associated street. An angle value close to zero means that the line segment and the street are parallel to each other.
The values close to ninety degrees mean that the line is perpendicular to the street. Then, the values of these attributes
are normalized in accordance with each building feature (Figure 6).

Figure 5. Attributes of line segments

Figure 6. Normalized attributes of line segments
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In order to calculate the priority values of the line segment for a building, the attributes are weighted. The values of
weights are selected according to existing experiences: the closest distance to street is 0.35; the parallelity is 0.35; the
length of line segment is 0.10; the length of street is 0.10; the sinuosity of polyline is 0.05; the length of polyline is 0.05.
The highlighted line segments with the highest priority value for each building in the study area are shown in Figure 7.

Figure 7.The most important line segments for placing POIs
Figure 8 shows the POIs derived from the two street perspectives on the highlighted streets in the test area. They are
shown in the red points. Additionally, The POIs collected from the OSM database are shown in the blue points. A total
of 62 POIs have been identified from the perspective views. The eleven is located on the street intersection. They are
known as the corner buildings. Only one of them is on the most important line segments. The remaining ten are on the
second important line segments. 51 points are on the attached buildings on a single street. 45 of these are on the most
important line segment. Only 6 points are on the second important line segment.
Ten of the eleven POIs in the corner buildings are visible on the OSM. One of them has not been marked on the
database yet. The 44 of 51 POIs found in the attached buildings are also available in the OSM database. The 7 POIs has
not been marked on the OSM yet. When the POIs derived from the street perspectives are used as references, the mean
deviation distance for a total numbers of 54 POIs in the OSM database are shown in Table 1 together with the mean
deviation of the line segments that are found to be important. The results show that the first-order line segments,
identified by the proposed method, are very close to the front edge of the buildings, which are located on a single street.
However, it may not be suitable for the corner buildings, because they have at least two facades to be used as the
entrance. In this case, the second-order line segments may be suitable for the main entrance.
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Figure 8.The POIs collected from street perspectives (red) and OSM (blue) on the two streets (highlighted)
Table 1. The mean deviation distance between the references and the derived data
Distances between the referenced POIs and
Buildings located on

Numbers
the line segments

the OSM data

junction

10

5.6

5.7

a single street

44

0.2

3.6

CONCLUSION
POIs are one of the most important components contributing to the development of digital map services. The correct
location for POIs is the place close to the front edge of the building footprints. The front edge is determined by
considering the actual status of the main entrance. In this study, a method, which identifies the possible front edges of
buildings by considering the geometry of the street network and building blocks in urban areas, is proposed. The first
proposed line segment, one of the possible parts of the front edge of a building, is generally close to the entrance, if the
building's facade is looking at a single street. For the corner buildings which have at least two facades to be used as the
entrance, the second proposed line segment can be located close to the entrance of a POI. In order to solve this problem,
it is necessary to evaluate the buildings in two different conditions according to the number of facades looking at the
streets.
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Abstract
The Bulgarian coastal zone is exposed to wide variety of natural hazards, where their complex impact may cause
negative social and economic consequences and environmental changes. To improve the understanding of such
dangerous and destructive processes, a new knowledge and techniques are required. Satellite imagery is critical to
deliver a clear picture on the extent of devastation after any disaster that is happening on Bulgarian territory. In recent
years, with becoming operational, Copernicus data and products become as well freely available to the scientific
community and end users. To address the national needs and priorities, set out in the National Strategy for Disaster
Risk Reduction 2017–2030, this paper provides a systematic analysis of the Copernicus data for the purposes of
compiling different cartographic products and maps for monitoring of equatorial and adjacent terrestrial ecosystems. A
comparative review of optical and radar satellite images comprising the data archive since the beginning of 90th and
data from Copernicus initiative till now covering the western Black Sea area is presented. The data analysis will
contribute to develop wide-range monitoring of the potential endangered areas, detection of slow surface movements
and delineation of destructive natural hazard events. We complimented the analysis with tracking time changes of the
coastal area for the last three decades for the test risk region of northern Bulgarian coast. This region is undergone on
the recent vertical crustal movements, active landslide processes, and coastal abrasion; it is one of the regions in
Bulgaria with a high seismic risk. The importance of Sentinel data for monitoring in Bulgaria is discussed, taking into
account that the Bulgarian National program for disasters preparedness and risk mitigation is harmonized with the EU
policy of natural hazard risk mitigation.
Keywords: Copernicus Program, natural hazard, optical satellite data, radar satellite data, Black Sea region

INTRODUCTION
Natural hazards monitoring is one of the important activities included in the disaster risk reduction (DRR) strategies on
different management level. The national policy of Bulgaria in this field is regulated by a number of normative
documents, which determine the roles of involved stakeholders and their responsibilities, regulate the terms and
conditions for the functioning of the National System for early warning and alert, and the establishing of scientific
monitoring networks.
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Frequency of floods, forest fires, storms, droughts, landslides and earthquakes are more and more common in European
countries in recent decades. This necessitate the European Union to undertake sustained efforts, targeted on
accumulation of expert knowledge on the natural phenomenon and related processes, and seek to incorporate disaster
risk reduction into development the cooperation activities. Formulation and implementation of innovative advanced
prevention/mitigation strategies and actions are priorities of the EU policy realized through the different scientific
initiatives and programs (EC, 2013). To perform successful efforts on national and trans-national level, it is necessary to
find the optimum approach to implement the global strategies at local scales.
Among the other sources of geospatial data used in EU, the Earth observations (EO) from various satellite missions
provide multiple data and useful information for the full disaster management cycle: prevention, mitigation,
preparedness, operations, relief, recovery, and lessons-learned. The European Copernicus programme is designed to
meet the needs of the public sector for space-derived, geospatial information in support of policy making as well as to
support economic goals through commercial use of the data and information that it produces. They Copernicus/EO data
are becoming an increasingly important source for creating knowledge that is effectively communicated to decisionmakers to take appropriate measures in advance in DRR policy.
Natural hazards are inevitable natural phenomena and do not affect evenly the territory of Bulgaria (Pashova et al.,
2016). The statistics shows that since the beginning of last century the eastern part of the country territory is affected by
geological (earthquake, landslide, subsidence), hydrological (flood, landslides, storm surge), meteorological (extreme
temperatures, fog, storm), and climatological (drought, wildfire) dangerous processes and phenomena of varying
intensity and the affected area (EM-DAT, 2018; NSI, 2018). More particularly, the highest seismic activity along the
Bulgarian Black Sea shore occur between Kavarna and Shabla where in 1901 two strong earthquakes with magnitudes
7.2 and 7.1 had happened. The Danube plain ends with steep and high bank at the northern part of the Bulgarian sea
coast. There landslide processes are triggered by rising of groundwater and sea abrasion, expressed for 70 % of the
Bulgarian Sea coastline, but mainly between Shabla and Batova Rivers, Kranevo, Ravda and Sarafovo. In some areas,
an absence of drainage systems is another additional sliding factor as well as the unregulated construction in the last 25
years. Northern from Burgas, around Sarafovo, have two active landslides lying on Pliocene clays. There are numerous
smaller and shallower landslides in the southern part of the Bulgarian shore caused by prolonged water logging in
winter and spring in deluvial-proluvial layers sliding on clay and basic rocks. In the last decade the total precipitation
and extreme weather frequency have increased, with heavy rains causing severe floods, especially in 2014 in
neighbourhood Asparuhovo, Varna (Bandrova et al., 2016). In published on January 5, 2018 Project of Strategy for
disaster risk reduction of Bulgaria, an attention is already drawn to the implementation of multi-sectoral measures,
focusing on the safety of people and ensuring the achievement of sustainability in various, including cascading and
interacting natural hazards (Bulgaria- government, 2018).
To improve the understanding of such dangerous and destructive processes, a new knowledge and techniques are
required. Satellite imagery is critical to deliver a clear picture on the extent of devastation after any disaster that is
happening on Bulgarian territory. In recent years, with becoming operational, the Copernicus services provide data and
products, which are freely available to the scientific community and end-users. To address the national needs and
priorities, set out in the National Strategy for Disaster Risk Reduction 2017 – 2030, this paper provides a systematic
analysis of the Copernicus data for the purposes of compiling different cartographic products and maps for monitoring
of acquatorial and adjacent terrestrial ecosystems in the eastern part of Bulgarian territory.
This paper aims to make inventory of available Sentinel and Contributing missions data sets up to 2017 that cover the
eastern Bulgarian territory within the boundaries 41° ≤ ϕ ≤ 44°, 27° ≤ λ ≤ 29°. A comparative review of optical and
radar satellite images comprising the data archive since the beginning of 90th and data from Copernicus initiative till
now covering the western Black Sea area is presented. The data analysis will contribute to develop wide-range
monitoring of the potential endangered areas, detection of slow surface movements and delineation of destructive
natural hazard events. We complimented the analysis with tracking time changes of the coastal area for the last three
decades for the test risk region of northern Bulgarian coast. This region is undergone on the recent vertical crustal
movements, active landslide processes, and coastal abrasion; it is one of the regions in Bulgaria with a high seismic
risk. Suitable applications using Sentinel data for natural hazard monitoring in Bulgaria are discussed, considering that
the Bulgarian National program for disasters preparedness and risk mitigation is harmonized with the EU policy of
natural hazard risk mitigation.

COPERNICUS PROGRAM
Copernicus program is an EO program realized by the European Union as a continuation of Global Monitoring for
Environment and Security (GMES) programme headed by the European Commission (EC). It is based on dedicated and
contributing satellites as well as on in situ observations. The ESA’s Sentinel family of dedicated satellites will comprise
almost 20 satellites till 2030. The realization of the program started in 2014 with the launch of Sentinel-1A satellite and
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at the current moment six satellites are in orbit (Fig. 1). The current status of the data provision of Copernicus services
is fully logged at the ESA website on Copernicus (ESA, 2018a). Due to the constantly acquired imagery over the Globe,
the Sentinel data is archived in an ESA rolling archive. Some of the data is archived on USGS, Google and Amazon
cloud services. For the South-East Europe there is a Collaborative Ground Segment with Sentinel archived data located
in National Observatory of Athens (NOA), Greece (HNSDMS, 2018). The mirror is powered by the EU GEANT
infrastructure.

Figure 1. Sentinel satellites family (source: CNES, 2017)

RADAR SATELLITE IMAGES - SENTINEL-1 MISSION
In comparison with the optical satellite missions (reviewed in the next section) the radar data has the advantage of the
active monitoring systems – they are independent from the solar radiation since they transmit microwave
electromagnetic signal and do not rely on the sun illumination of the Earth. Furthermore, the radar radiation is less
affected by the cloud coverage and precipitation. Some disadvantages come from the oblique geometry of the system
which could bring effects of layover and shadows in the acquired images.
The Copernicus Sentinel-1 A and B satellites are successors of ESA’s ERS-1, ERS-2 and ENVISAT C-band missions.
The first European Remote Sensing (ERS-1) satellite was launched in July 1991 carrying Active Microwave Instrument
(AMI) – a radar sensor for remote monitoring of Earth’s crust. By the launch of ERS-2 in April 1995 in the same orbital
plane as ERS-1 but in one day separation a two-year tandem mission is formed in order to collect data for generation of
Digital elevation model of Earth’s surface. In March 2002 next generation of observing system was launched.
ENVISAT was operational for 10 years and had 10 different monitoring instruments onboard one of which was
Advanced Synthetic Aperture Radar (ASAR).
On 3rd of April 2014 the first one of the Sentinel family satellites, namely Sentinel-1A, was launched carrying C-SAR
instrument (C-band Synthetic Aperture Radar) and on 25th of April 2016 the second from the Sentinel-1 set – B, was
launched. Two more satellites C and D are in development. The concept of the constellation brings new opportunities to
the user community – the revisiting time of both operating satellites is 12 days and their position in the orbit are
opposite so in this way the revisiting time is decreased to 6 days. This improvement together with the refined orbit
“tube” (radius of about 50 m) leads to significantly better quality of the interferometric products generated from the
Sentinel radar data needed in the geodynamic investigations. The radar instrument operates with C-band frequency (the
same as in the previous ESA radar missions) of 5.405 GHz and supports dual polarization (HH+HV and VV+VH)
applicable for different land-cover studies.
The new radar system has several operational modes (Figure 2):
●

Strip map (SM) – coverage of narrow swath (80km) like for the predecessors ERS and ENVISAT with
resolution of 5 m by 5 m;
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●
●
●

Interferometric Wide swath (IW) – large coverage of 250 km with moderate resolution of 5 m by 20 m. The
product is combination of three sub-swaths and is produced by the TOPSAR (Terrain Observation with
Progressive Scans SAR) technique;
Extra-Wide swath (EW) – similar to IW but it comprises five sub-swaths but with lower resolution – 20 m by
40 m. It is dedicated for provision the maritime, ice and polar investigations;
Wave mode (WV) – specialized mode for determination of direction, wavelength and heights of waves on the
open oceans.

Figure 2. Sentinel-1 operational modes (source: ESA)
●
●

●

The Sentinel-1 data are provided freely to the scientific community on several levels:
Level-0 – compressed unfocused SAR raw data which for further utilization must be decompressed and
processed with SAR processor;
Level-1 – Single Look Complex (SLC) and Ground Range Detected (GRD) products. SLC are focused SAR
data that were geo-referenced using orbit and altitude data from the satellite. GRD are SAR data that were
multi-looked and projected to ground range using Earth ellipsoid model so that the phase information is
preserved. They can be provided in three different resolutions: Full resolution (FR), High resolution (HR) and
Medium resolution (MR);
Level-2 – provides two components: Ocean Wind Fields (OWI) and Surface Radial Velocities (RVL). OWI is
a two-dimensional ocean surface swell spectrum, while RVL is a ground range gridded difference between the
measured Level-2 Doppler grid and the Level-1 calculated geometrical Doppler.

The data are freely available through the Sentinel data hub while the big archive of ERS and ENVISAT data are
reachable through the ESA’s EOLi-SA catalogue.
For the hazard study of Bulgarian Black Sea coast, the most appropriate mode of images is Level 1 (SLC) images in IW
mode in VV polarization with resolution of 5 m by 20 m. The preliminary investigation of the available Sentinel-1 data
shows that for the purposes of the Black Sea coastal zone study the rough number of satellite images from the two pass
modes for the timespan November 2014 - December 2017 are available as follows (Figure 3):
●

Ascending pass - orbit 058 - 317 images, orbit 131 - 288 images;

●

Descending pass - orbit 036 - 356 images, orbit 109 - 225 images.
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Figure 3. Scheme of coverage Sentinel-1 imagery appropriate for Bulgarian Black Sea coast study
In the case of radar images, the cloud coverage does not have such a big role for the quality of the data as it is for
optical ones. The troposphere influence could be reduced by applying of numerical models or by stacking of the
produced interferograms. The most influential criteria for the quality of the radar products is the coherence of the
images which depends on the temporal and perpendicular baselines between the images. Not all the images from the
acquisition scenario are available and there are cases in which the 6-days timespan of Sentinel-1 images is not fulfilled.
Nevertheless, these gaps in the data, the timespan of 12-days is short enough for slow-motion surface studies. Another
challenge in the land surface hazards studies is the influence of the vast non-coherent surrounding areas - sea territories,
to the unwrapping procedure of the interferometric phases. For dealing this problem specific mask should be applied.
In Figure 4 an example of one 6-days (16 Dec 2017 - 22 Dec 2017) ascending interferogram is shown for the area of
Kaliakra headland as well as the corresponding coherence map. The atmospheric influence that present in the
interferogram can be reduced by applying of different methods like TEC data, WRF models, stacking of interferograms,
etc. The coherence (similarity between the two images) is high most probably because of the low vegetation changes in
this season and lack of snow cover.

a)

b)

Figure 4. An example of 6-days interferogram (a) and corresponding coherence map (b) for an area in the northern
Bulgarian Black Sea coast

OPTICAL SATELLITE IMAGES - SENTINEL-2 AND SENTINEL-3 MISSIONS
The Sentinel-2 mission provides high-resolution optical images for land and coastal zone monitoring, emergency
response and security services (https://www.sentinel-hub.com/sentinel-2). It ensures data continuity of former SPOT
and Landsat multispectral missions. The two satellites provide a global coverage with a wide field of view (290 km), a
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high revisit (5 days), a high resolution (10 m, 20 m, and 60 m) and multi-spectral imagery (13 spectral bands in visible
and near infrared to the shortwave infrared domains).
Sentinel-2A and Sentinel-2B occupy the same orbit but separated by 180 degrees. The mean orbital altitude is 786 km. The
orbit inclination is 98.62° and the Mean Local Solar Time (MLST) at the descending node is 10:30 (am). The MLST value
is close to the local overpass time of Landsat and almost identical to that of SPOT-5, permitting the integration of Sentinel2 data with existing and historical missions (ESA, 2018c). Furthermore, the Sentinel-2 mission acquires all coastal waters
up to 20 km from the shore as well as all inner seas, which means that the whole of the Black Sea aquatory is covered. The
orbits of Sentinel-2A, which cover Bulgarian Black Sea coast, are: relative orbit 7 (-150.048951°), and relative orbit 71
(38.762238°).
The Sentinel-3 orbit is similar to the orbit of ENVISAT allowing continuation of the ERS/Envisat time series. Sentinel3 uses a high inclination (98.65°) near-polar, sun-synchronous orbit with a descending node equatorial crossing at 10:00
h Mean Local Solar time for optimal coverage of ice and snow parameters in high latitudes. The orbit reference altitude
is 814.5 km, and the orbital cycle is 27 days (14+7/27 orbits per day, 385 orbits per cycle). Sentinel-3B's orbit is
identical to Sentinel-3A's orbit but flies +/-140° out of phase with Sentinel-3A. The two in-orbit Sentinel-3 satellites
enable a short revisit time of less than two days for OLCI and less than one day for SLSTR at the equator (ESA, 2018d).
The relative orbits of Sentinel-3A over Bulgarian Black Sea coast are: pass No. 55 (Relative orbit No. 28, ascending,
38.95°), pass No. 14 (Relative orbit No. 7, descending, -150.92°), pass No. 128 (Relative orbit No. 64, descending, 150.04°), pass No. 169 (Relative orbit No. 85, ascending, 39.83°). For Sentinel-3B the Black Sea Coast orbits are: pass
No. 55 (Relative orbit No. 28, ascending, 38.48°), pass No. 14 (Relative orbit No. 7, descending, -151.38°), pass No.
128 (Relative orbit No. 64, descending, -150.51°), pass No. 169 (Relative orbit No. 85, ascending, 39.36°).
The image products include four levels:
-

-

-

Level-0 - raw compressed data (limited to internal calibration purposes);
Level-1A - uncompressed data (limited to internal calibration purposes);
Level-1B - first public product: it comprises radiometric corrections (dark signal, pixels response nonuniformity, crosstalk, defective pixels, restoration, and binning for 60m bands); and an enhanced physical
geometric model appended to the product but not applied;
Level-1C provides ortho-rectified top of atmosphere reflectance with a sub-pixel multi-spectral and multi-date
registration; a cloud and land/water mask is associated to the product. Note that the cloud mask also provides
an indication about cirrus. Each tile/granule is ~600 MB in size.
Level 2A provides bottom of atmosphere (BoA) reflectance in cartographic geometry. Each tile/granule is
~800 MB in size.

The ground sampling distance (GSD) of Level-1C product is 10 m, 20 m, or 60 m according to the spectral band. The
final Level-1C product is tiled following a pre-defined grid of 100 x 100 km², based on UTM/WGS84 reference frame.
The geo-location accuracy for both cases is specified to be respectively - the absolute is better than 12.5m and the multitemporal is better than 0.3 pixels.
The Sentinel-2 and Sentinel-3 images acquired in the period since the launch of the satellite platform by 31 December
2017 at Open Data Hub of Copernicus for Bulgarian Black Sea coast are totalling of 2401, where the images suitable
for interpretation with a cloud cover of less than 10 % of the scene for Sentinel-2 are just 25, Figure 5a. This can be
explained with the specific sea meteorological conditions throughout the year. For Sentinel-3 the images (cloud-free
strips) which fully or partially cover the Bulgarian Black Sea coast in the investigated period are 756, see Figure 5b.
Most of the optical data from both Sentinel optical missions provide for a high-temporal image analysis, image fusion,
and data assimilation in physical models. However, the main disadvantage of the optical satellite missions - the image
availability in fully cloud covered conditions - is compensated by the radar satellite mission Sentinel-1.
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a)

b)

Figure 5. Scheme of coverage of cloud-free (less than 10 % cloud cover) a) Sentinel-2 images for Bulgarian Black Sea
coast, b) Sentinel-3A and -3B orbits

COPERNICUS CONTRIBUTING MISSIONS
There are around 30 existing or planned Contributing Missions for Copernicus. They fall into the following categories:
1) Synthetic Aperture Radar (SAR) to observe day and night the land and the ocean; 2) Optical sensors to monitor land
activities and ocean dynamics; 3) Altimetry systems for sea-level measurement; 4) Radiometers to monitor land and
ocean temperature; 5) Spectrometers for measurements of air quality (Copernicus, 2018). A full list of the current
Copernicus Contributing Missions is provided at the European Space Agency website (ESA, 2018e). At present, most
of the Copernicus Contributing Missions data are disseminated through the ESA Third Party Mission website which
contains satellite data archive with the following missions: ALOS, GOSAT (GOSAT CAI, GOSAT FTS), IKONOS,
JERS-1 (JERS-1 SAR Level 1 Precision Image, JERS-1 OPS Very Near Infrared Radiometer, JERS-1 SAR Level 1
Single Look Complex Image), Kompsat-2, LANDSAT (Landsat 5, Landsat 7, Landsat 5/7 Cloud Free, Landsat 8 NRT
data), OCEANSAT-2 (Oceansat-2 NRT), PLEIADES, PROBA-1 (Proba-1 CHRIS and HRC), RAPIDEYE (RapidEye
time series for Sentinel-2), SEASAT, SPOT (Spot 1-5; Spot 6-7), WORLDVIEW-2, and Special Collections (Image
2006 and Tropforest datasets) (ESA, 2018f). The entire Copernicus core services datasets and the missions are
accessible from ESA EOLi-SA standalone software as a Copernicus authorised user (ESA, 2018b).

COPERNICUS MARINE ENVIRONMENT MONITORING SERVICE - CMEMS
Copernicus Programme does provide as well products in its core services. The Copernicus Marine Environment
Monitoring Service - CMEMS started to operate in April 2015, see Figure 6. Its prototype is a system developed during
the implementation of the European projects: MyOcean and MyOcean2 (Kholod, 2017). Within CMEMS the
Copernicus data, acquired by the space component, is combined with in-situ observations and other archival data, where
assimilated into specific models are provided a near-real time products starting from 1993 (von Schuckmann et al.
2016). At present, there are 29 products for Black Sea which are grouped in Phy, Bio, and Wav each of them has a
source either a modelled outputs or in-situ/satellite observations (CMEMS, 2018).

Figure 6. Scheme of CMEMS representing the regional European seas (source: von Schuckmann et al., 2016)
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DISCUSSIONS AND CONCLUSIONS
The policy of ESA for open data as well as the big data archive of historical satellites missions gives to the scientific
community a big advantage in the Earth’s studies. By gathering the scientific expertise on national and regional level
with the Sentinel data and services the geohazard management policy will become open and widely accessible to face
the societal challenges like geo-hazards and geo-resources. This will bring contributions to key national and
international initiatives, projects, to a wide range of users and stakeholders, to producing of integrated thematic and
multidisciplinary services for users like e-infrastructures.
In 2014 ESA started initiative for development of Earth Observation exploitation platforms with the idea to provide
environment for data and processing tools. In 2017 this idea is transformed to the so-called Thematic Exploitation
Platforms (TEPs) for different aspects of Earth’s environment namely: Coastal, Forestry, Hydrology, Geohazards, Polar,
Urban themes and Flood Security. These platforms bring new horizons to the scientific community, but they are still under
development and need of further improvement to show the full potential for many applications of Copernicus data.
The aim of this preliminary study was to make a review of the availability, quality and potential of the Copernicus data
which covered eastern Bulgarian territory. These EO data will serve as a base for more detailed study of the natural
hazards along the Bulgarian Black Sea Coastal Zone. The study will be performed in the frameworks of the scientific
project “Satellite-based Maritime Web-services for Bulgarian coastal area- SatWebMare” of the Institute of
Mathematics and Informatics of the Bulgarian Academy of Sciences supported by the European Space Agency. The
project aims to create a prototype of Web-based System Integrated with a Geo-portal that provides innovative products
to the end-users for maritime applications in the Black Sea coastal area.
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Abstract
Landmarks are the clues which connect the cartographic space, the real-world space and the cognitive map space and
they play an important role in the spatial information expression and transmission. Landmarks can help users to
establish a structured understanding of the environment as "anchor point" which have a significant contrast to the
surroundings so that users do not need extra effort to recognize them because of its own salience. Landmark salience
evaluation is the basis for users to select landmarks. However, evaluation methods for outdoor landmark salience
cannot fully adapt to the indoor environment and these methods often rely on detailed data about every spatial object
which is difficult to obtain easily. Some research has developed a heuristic scoring system to make the evaluation
easier, but these methods are always category-based so the accuracy is limited due to the few categories of indoor
landmarks. The uniqueness and location of a single landmark are important, the traditional ﬁve point rating is obscure
for some specific indicators and the weight calculation method is needed to be clearer. In this paper, we introduce an
instance-based scoring system as an evaluation model for indoor landmark salience. The feasibility of this method is
demonstrated by a case study in the Dongchenghui shopping mall near Nanjing Normal University (Nanjing, China).
The result shows that the landmark salience evaluated by this method has a strong correlation with the subjects’
opinion. With landmark salience, landmark representation in indoor map can reflect the knowledge of indoor space at
different levels helping users to complete their wayfinding task more comfortable.
Keywords: Landmark, Indoor Landmark, Landmark salience, Scoring system, Indoor map

INTRODUCTION
People spend about 80% of their time in the indoor environment (Klepeis et al., 2001). Currently, due to the constraints
of technical and cost reasons, the issue of indoor positioning and navigation have not yet been popularized. In most
cases, people can easily obtain their own location and navigation path outdoors. However, in the indoor environment,
people are more dependent on maps and signs which require higher personal spatial cognitive ability so it will make
them lose direction much easier (Huang & Gartner, 2009).
Many studies have shown that landmarks play an important role in people‘s wayfinding tasks (Russo et al., 2014).
Landmarks can be noticed by users without extra effort making the wayfinding process easier(Spiers & Maguire, 2008).
Although most of the current studies on landmarks are aimed at the outdoor environment, it is also necessary to know
that the concept of the landmark is no longer limited to the outdoors. Researchers generally believe that any object that
is sufficiently significant can be considered as a landmark and the concept of both indoor and outdoor are unified.
Moreover, for the indoor environment, the denser landmarks could meet the need of users greater than outdoors
(Muralidharan et al., 2014). Landmarks can help users establish a structured understanding of the environment as
"anchor point" (Golledge, 1999; Richter, 2007) which have a significant contrast to the surroundings so that users do
not need extra effort to recognize them because of its own salience. This salience is the basis for users to select
landmarks.
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This paper attempts to propose a scoring system as the evaluation method for indoor landmark salience. The proposed
method is applied to the Dongchenghui shopping mall is selected as the study area used to verify the evaluation results.
The exist problems and possible solutions are pointed out in the last section.

EXISTING LANDMARK SALIENCE EVALUATION METHOD
As previously mentioned the most studies of landmark salience focus on the outdoor environment. There is a classical
landmark salience evaluation model which divides the landmark salience into three aspects: visual, semantic, and
structural (Raubal & Winter, 2002; Sorrows & Hirtle, 1999). Because indicators proposed by those studies above are
difficult to measure quickly, Duckham et al. (2010) developed a category-based scoring system to use POI category as
the object to simplify the process which makes the evaluation much easier.
Lyu, et al. (2015) proposed a computational method from the perspectives of spatial cognition, environmental
commitment and space syntax which also divide the landmark into visual, semantic and structural. Zhu et al. (2016)
analyzed the indoor environment of complex large shopping malls and proposed a model to calculate the salience of
indoor POI which is not the landmark exactly. Based on the method of Duckham, et al. (2010), Fellner et al. (2017)
construct an indoor landmark salience evaluation model to generate route guidance. Due to the current lack of detailed
classification standards for indoor landmarks or POIs, the intensive distribution of indoor landmarks and the categorybased assessments can be used. Since the total indoor area is small, the relatively small number of indoor landmarks can
be easily evaluated by instance so that measured landmark salience in the indoor environment by instance could be a
better choice than by category.
Also, most of the theories and methods of indoor landmark salience are simple transferred from the outside and there is
a lack of experimental verification in indoor environments. At the same time, there are some problems in the outdoor
landmark salience studies such as the collection of evaluation indicators data and the lack of in-depth studies of the
indicator weight. This paper aims to propose an instance-based indoor landmark salience evaluation method with user
experiment to address these challenges. Some indicators are come from previous studies (Duckham et al., 2010; Fellner
et al., 2017) and additions and modifications have been made to adapt to the instance-based evaluation.

METHODOLOGY
Scoring System for Indoor Landmark Salience Indicators
Visual Salience
Landmarks have visual salience because of its more attractive attention that is relative to other surrounding objects.
Visual attributes include shapes, colors, and textures in general. In the indoor environment, the visualy attractive areas
are more important than correspond to its real physical size. Indoor objects can also have more text labels than outdoor
ones. These factors all highly influnce the visual salience of indoor landmarks. The evaluation indicators selected for
this study are shown in Table 1:
Table 1. Visual Salience Scoring System

Aspect
Visual

Indicator

Type

Score

Visual area(α)

Five-point scale

α ∈{1, 2, 3, 4, 5}

Prominence (β)

Five-point scale

β ∈{1, 2, 3, 4, 5}

Unique label(γ)

Ordinal scale

γ ∈{1, 2, 3}

1.

Visual area: Having a larger visual area is more advantageous for a candidate landmark. It requires a larger
physical area and is not shaded near the path. We can take the center of the path as the reference point to the
nearest landmark and compares its visible area. According to the distribution of the visible area of all selected
landmarks, the relative value was evaluated by a five-point scale. For example, a trash bin with a smaller visual
area can be assigned a score of 1, while a shop with a larger visual area can be set to 5. Other landmarks can be
assigned and based on their relative sizes to the above mentioned landmarks.

2.

Prominence: Prominence refers to a visually prominent spatial feature which makes the object significantly
different from the surroundings. It is often related to factors such as color, design features, lighting, etc. The
degree of prominence needs to be comprehensively considered regarding the cognitive processess of humans,
and also the five-pint scale was used for evaluation.
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3.

Unique label: There are some unique labels that will highly attract the user's visual attention. It was divided
into three levels of "no label", "labeled", "unique label", and assigned to 1, 2 and 3 by using an ordinal scale.

Semantic Salience
Semantic salience represents the functional,historical or cultural attraction of indoor landmarks, which can be evaluated
by using a predetermined range (Raubal & Winter, 2002). People are familiar with objects with universal functions and
also well-known objects. There are a large number of ubiquitous infrastructures, which have the potential to act as
landmarks in the indoor environment. In addition, it is easier for people to remember and recognize themwhen the text
description needed for a landmark is short. In particular, maintaining uniqueness within a certain range can ensure that
it is not confusing or ambiguous for individual landmarks (Burnett et al., 2001). The selected evaluation indicators are
shown in Table 2:
Table 2. Semantic Salience Scoring System

Aspect
Semantic

Indicator

Type

Score

Familiarity(δ)

Five-point scale

δ ∈{1, 2, 3, 4, 5}

Description length(ζ)

Ordinal scale

ζ ∈{1, 2, 3}

Uniqueness(η)

Boolean

η ∈{T:1, F:0}

1.

Familiarity: The ubiquitous objects (such as elevators) or well-known objects (such as KFC) is more familiar
and suitable as landmarks. The relative popularity is mainly considered for stores. Their relative frequency in
the general indoor environment is mainly considered for other objects.

2.

Descriptive length: Being able to use shorter words or sentence to describe is more conducive to remembering
and passing information to others. It is divided into three grades that follows: "one word without modification",
"one word that needs modification," and "other" using 3, 2, 1 as an ordinal scale.

3.

Uniqueness: The only existing indoor object in particular environment is more suitable as a candidate
landmark. Multiple indoor objects appear to be more ambiguous. Contrary the presence of a landmark in the
same indoor environment more than once will reduce its semantic salience. Assigning the unique landmark in
the same indoor environment to 1 and a non-unique assignment to 0.

Structural Salience
Structural salience refers to the importance and differences of landmarks in spatial position. Polygon landmarks can be
generally abstracted to points in outdoor. However, the polygon nature of these landmarks should be considered in the
evaluation of indoor landmark salience. In addition, as permanence guarantee the landmark structure salience and the
location is more important for the evaluation of landmark instance than category. The used evaluation indicators are
shown in Table 3:
Table 3. Structural Salience Scoring System

Aspect
Structural

Indicator

Type

Score

Spatial extents(θ)

Boolean

θ ∈{T:1, F:0}

Permanent(ι)

Boolean

ι ∈{T:1, F:0}

Location importance(κ)

Ordinal scale

κ ∈{1, 2, 3}

1.

Spatial range: Some polygon objects (such as rest areas) can also become landmarks. However, point objects
are more suitable as landmarks. So the point-like landmark is assigned a value of 1 and a polygon-like
landmark is assigned a value of 0.

2.

Permanent: These objects that are rarely moved are more suitable as candidate landmarks. A permanent
landmark is assigned a value of 1 and the other cases are assigned a value of 0.

3.

Location importance: The indoor objects located on or close to the path, intersections (including stairs), have a
higher structural salience so they are assigned of 1, 2, and 3 depending on how much of the above
characteristics this landmark anticipate.
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Weight Calculation and Overall Evaluation
The analytic hierarchy process (AHP) was used to calculate the indicator weights to replace the traditional expert
scoring method. The AHP has a wide range of application and it is particularly suitable for cases where there are few
sample data and the evaluation target structure is relatively complex or the relative importance of the indicators is easy
to determine and the number of indicators is moderate.
Because the range of scores between landmark evaluation indicators is not uniform and cannot be directly calculated,
the scores need to be normalized. In this paper, we use the feature scaling method to map the score between [0,1] as
follows:

𝑆𝑆𝑓𝑓 =

𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 − 𝑚𝑚𝑚𝑚𝑚𝑚({𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠(𝑖𝑖)| 𝑖𝑖 ∈ 𝐼𝐼})
𝑚𝑚𝑚𝑚𝑚𝑚({𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠(𝑖𝑖)| 𝑖𝑖 ∈ 𝐼𝐼}) − 𝑚𝑚𝑚𝑚𝑚𝑚({𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠(𝑖𝑖)| 𝑖𝑖 ∈ 𝐼𝐼})

Landmark salience have three aspects of visual, semantic, and structural salience. With the weights of AHP result, it is
possible to calculate the overall salience of the landmark:

𝑆𝑆𝑣𝑣𝑣𝑣𝑣𝑣 = 𝑤𝑤𝛼𝛼 𝑆𝑆𝛼𝛼 + 𝑤𝑤𝛽𝛽 𝑆𝑆𝛽𝛽 + 𝑤𝑤𝛾𝛾 𝑆𝑆𝛾𝛾
�𝑆𝑆𝑠𝑠𝑠𝑠𝑠𝑠 = 𝑤𝑤𝛿𝛿 𝑆𝑆𝛿𝛿 + 𝑤𝑤𝜁𝜁 𝑆𝑆𝜁𝜁 + 𝑤𝑤𝜂𝜂 𝑆𝑆𝜂𝜂
𝑆𝑆𝑠𝑠𝑠𝑠𝑠𝑠 = 𝑤𝑤𝜃𝜃 𝑆𝑆𝜃𝜃 + 𝑤𝑤𝜄𝜄 𝑆𝑆𝜄𝜄 + 𝑤𝑤𝜅𝜅 𝑆𝑆𝜅𝜅

CASE STUDY

𝑆𝑆𝑠𝑠𝑠𝑠𝑠𝑠 = 𝑤𝑤𝑣𝑣𝑣𝑣𝑣𝑣 𝑆𝑆𝑣𝑣𝑣𝑣𝑣𝑣 + 𝑤𝑤𝑠𝑠𝑠𝑠𝑠𝑠 𝑆𝑆𝑠𝑠𝑠𝑠𝑠𝑠 + 𝑤𝑤𝑠𝑠𝑠𝑠𝑠𝑠 𝑆𝑆𝑠𝑠𝑠𝑠𝑠𝑠

Study Area and Landmark Selection
The study area is the B1 of the Dongchenghui shopping mall near Nanjing Normal University (Nanjing, China). There
are mainly food and beverage shops and many decorative indoor objects that can be used as landmarks. This article
selects a path for the selection of the landmarks and the landmarks acquired through this path can basically cover the
entire study area. As shown in Figure 1:

Figure 1. Study Area and Path on the B1 of the Dongchenghui shopping mall
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6 postgraduate students were organized to complete landmark selection. First, they are required to independently record
the location and name of each indoor object that is considered more significant. Secondly, they need to summarize the
results and get the final result. The results consists of a total of 50 selected indoor objects. These indoor objects were
subsequently used as landmarks and their salience was evaluated. Some of the identified landmarks in the selection
process are shown in Figure 2. Example landmarks as "East Side Cross Station", "Orange Iron Box 2 (Super Chicken
Cart)", "Washroom", "Elevator 4", and "Indoor Map Guide Sign 2" are presented below.

Figure 2. Examples of indoor landmark in the study area

Indoor Landmark Salience Evaluation
The evaluation of landmark salience based on the method proposed above was performed by similar students. They
have a proper understanding of the concepts and indicators of the landmark salience. The scores of each indicator of
each example landmark are shown in Table 4:
Table 4. The scores of indoor landmark salience indicators

Landmark Name
α

𝑺𝑺𝒗𝒗𝒗𝒗𝒗𝒗
β

γ

δ

𝑺𝑺𝒔𝒔𝒔𝒔𝒔𝒔
ζ

η

θ

𝑺𝑺𝒔𝒔𝒔𝒔𝒔𝒔
ι

κ

East Side Cross Station

4

5

3

2

2

1

1

1

2

Orange Iron Box 2 (Super
Chicken Cart)

3

4

3

3

1

0

1

0

2

Washroom

3

3

3

5

3

0

1

1

3

Elevator 4

4

5

1

5

3

0

1

1

3

Indoor Map Guide Sign 2

4

3

2

2

2

0

1

1

2
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Results of score normalization using the feature scaling method are shown in Table 5:
Table 5. Normalized scores of indoor landmark salience indicators

Landmark Name
α

𝑺𝑺𝒗𝒗𝒗𝒗𝒗𝒗
β

γ

δ

𝑺𝑺𝒔𝒔𝒔𝒔𝒔𝒔
ζ

η

θ

𝑺𝑺𝒔𝒔𝒔𝒔𝒔𝒔
ι

κ

East Side Cross Station

0.6

0.8

0.66

0.2

0.33

1

1

1

0.33

Orange Iron Box 2 (Super
Chicken Cart)

0.4

0.6

0.66

0.4

0

0

1

0

0.33

Washroom

0.4

0.4

0.66

0.8

0.66

0

1

1

0.66

Elevator 4

0.6

0.8

0

0.8

0.66

0

1

1

0.66

Indoor Map Guide Sign 2

0.6

0.4

0.33

0.2

0.33

0

1

1

0.33

According to the method proposed in the previous section and based on the actual situation of the study area, the
postgraduates constructed the judgment matrix for the indoor landmark salience and get the weights of indicators by
using AHP. The results are shown in Table 6:
Table 6. Weights of indoor landmark salience indicators

w𝑖𝑖

α

β

γ

δ

ζ

η

θ

ι

κ

0.0565

0.3437

0.1394

0.1070

0.0156

0.0408

0.0261

0.0721

0.1988

After multiplying the normalized scores and the weight, the results of the evaluation can be obtained as shown in Table
7:
Table 7. Results of indoor landmark salience

𝒘𝒘𝛂𝛂 𝑺𝑺𝛂𝛂
0.03

𝒘𝒘𝛃𝛃 𝑺𝑺𝛃𝛃
0.27

𝒘𝒘𝛄𝛄 𝑺𝑺𝛄𝛄
0.09

𝒘𝒘𝛅𝛅 𝑺𝑺𝛅𝛅
0.02

𝒘𝒘𝛇𝛇 𝑺𝑺𝛇𝛇
0.01

𝒘𝒘𝛈𝛈 𝑺𝑺𝛈𝛈
0.04

𝒘𝒘𝛉𝛉 𝑺𝑺𝛉𝛉
0.03

𝒘𝒘𝛊𝛊 𝑺𝑺𝛊𝛊
0.07

𝒘𝒘𝛋𝛋 𝑺𝑺𝛋𝛋
0.07

𝑺𝑺𝒔𝒔𝒔𝒔𝒔𝒔

Orange Iron Box 2
(Super Chicken Cart)

0.02

0.21

0.09

0.04

0.00

0.00

0.03

0.00

0.07

0.46

Washroom

0.02

0.14

0.09

0.09

0.01

0.00

0.03

0.07

0.13

0.58

Elevator 4

0.03

0.27

0.00

0.09

0.01

0.00

0.03

0.07

0.13

0.63

Indoor Map Guide Sign
2

0.03

0.14

0.05

0.02

0.01

0.00

0.03

0.07

0.07

0.41

Landmark Name
East Side Cross Station

0.63
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EXPERIMENT AND ANALYSIS
The landmarks were evaluated in the study area according to the indoor landmark salience evaluation method proposed
above. The consistency between the evaluation result and public perception needs to be verified. Therefore practical
pilot study was established. A total of 30 people participated in the pilot study. Most of them were students (including
undergraduates and postgraduates) of Nanjing Normal University. This experiment required the subjects to walk along
the path and score the landmark on the mobile phone screen according to the displayed landmark pictures. The options
are "very disagree", "disagreement", "not necessarily", " neutral" and "very agreeing" which can be recorded as 1, 2, 3,
4, 5 respectively.
Both Pearson's correlation coefficient and Spearman's correlation coefficient were used for calculation of the correlation
between the indoor landmark salience evaluation result and the subjects‘ scoring result to verify its reliability. The
Pearson correlation coefficient and the Spearman correlation coefficient of the landmark salience and the pilot study
scores mean are 0.771 and 0.773 which can be considered as a relatively strong correlation. P <0.01 indicates that the
correlation is extremely significant. This verifies that the results of the indoor landmark salience evaluation method
proposed above are consistent with the users‘ opinion.

CONCLUSION AND FUTURE WORK
This paper describe the novel indoor landmarks evaluation method. Proposed method was verified on simple pilot
study. The results enriches the theory of landmark salience and provides a theoretical basis that supports other related
studies which based on indoor landmark salience. However, the selection of indicators and the establishment of scoring
system aim to make the evaluation process as simple and convenient as possible so its reliability still needs further
research and improvement. Moreover, there are some indicators that involve people's cognitive differences and it is
necessary to study the differences between different users/user groups and different types of indoor environments. In
addition, the pilot study is relatively simple and the experimental sample is limited in this research. In the future, we
will try to verify the method in different ways.
The work about indoor landmark salience evaluation described above represents only the first step. Applying indoor
landmark salience to the design and representation of indoor maps will be the next step which will help to the designers
of indoor maps to understand the user's cognitive habits. Currently, there are many research studies focused on the
visualization of landmarks on the maps, but only few studies have focused on the indoor environment especially
combined with the salience of landmarks. Based on the fact, that human's spatial knowledge is multi-scale, represention
of landmarks in different scale based on its salience could be a interesting issue especially for the mobile device with a
small screen size. With landmark salience, landmark representation in indoor maps can improve the users knowledge
about an indoor space at different levels, thus helping the users to complete their wayfinding task more comfortable.
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Abstract
Studies on standardization of addressing system have been conducted by the regional and international organizations
in many countries. However, they have not received much attention in countries such as Turkey where the address
systems have been newly formed and developed. The objective of this study is to examine the component-driven
similarities of address data used in Turkey after parsing the postal addresses into meaningful components. In this
context, the postal addresses of the accommodation buildings in the district of Fatih in Istanbul are analyzed using the
Damerau-Levenshtein distance algorithm, which is known as one of the string similarity measures in binary. These
addresses are collected by using web scraping method from five different web portals and obtained by geocoding from
four different map services. The reference data for the comparison process is taken from the Turkish Address
Registration System (TARS). The results show that each component does not have similar accuracy.
Keywords: Addressing system, Damerau-Levenshtein Distance Algorithm, String Similarity, Web Scraping, Geocoding,
Address Registration System

INTRODUCTION
An address is a syntax used to describe a location in the world. The address, which is the most basic defining element
for any piece of land, regardless of traditional land use types, is used in response to a location of geographical detail.
Local governments and public institutions in the world need the addresses in line with their needs.. Therefore, accurate
planning and co-ordination of public services is possible only if the government has rapidly access to the basic
information of all citizens. The address information used in determining relationships between individuals and their
locations is also very important in establishing national or international information infrastructures (Coetzee et al.,
2008; Geymen et al., 2008; Lind, 2008; Zandbergen, 2008; Li et al., 2010; Zandbergen, 2010; Yildirim et al., 2014).
Efficient use of address information by individuals and public institutions, is ensured by consistently expressing of the
components that make up the address. Address components are geographical elements used to identify an address.
Neighborhood, street, boulevard and square names, door number, postal codes, province and district names are the basic
components used to define addresses. The use of address components in a specific order reveals the concept of a
standard address. With the intent of the establishment of address-based spatial information infrastructures, data sharing
between public institutions and the establishment of strategic plans for the future, Turkish National Geographic
Information Systems (TNGIS) project has been implemented. Even though regulations for standardization of the
addressing system in Turkey continuing at a great pace, using different address formats by organizations and public
agencies, inconsistencies between the components that define the address, differences in abbreviations, the frequency of
changing street, boulevard, square names and many more, affect many address-oriented applications adversely. Within
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the scope of this study, in order to create awareness on the standard usage of address descriptions, it is aimed to design a
method to determine the consistency levels between address data obtained from different sources. In this direction,
address components in different sources collected from a test region are compared using a measurement approach that
detects similarities between texts.

The Study Area and Preprocessing
Information on accommodation facilities in a number of countries is presented by various web portals to the users. The
majority of these portals belong to the companies that operate globally and each independent portal contains address
information for accommodation facilities. Within this framework, various web portals (such as Agoda.com,
Booking.com, Hotels.com, Hotelscombined.com and Tripadvisor.com) provide serve in Turkey. In this study, different
address contents of the same hotels collected from the above mentioned five different portals are compared. The test
area was chosen as the Fatih district of Istanbul, where accommodation facilities are concentrated (Figure 1).

Figure 1. Study area and the location of accommodation facilities
The addresses were obtained by a method called web scraping from internet sites. Web scraping is a data extraction
process used to collect standard information at a specific point on a web page. In this study, address contents in five
different web portals are extracted using Web Content Extractor software developed by Newprosoft. In addition to this
information, standard address contents defined in each hotel's ArcGIS Online, Bing, Google and Yandex services are
obtained by geocoding process. Geocoding is the process of assigning geographical coordinates expressed in terms of
latitude and longitude to an address (Zandbergen, 2008) and provides the standard address format conversion for that
point. Geocoding, which is one of the processes that form the basis for spatial analysis in nowadays, is performed as
conventional and online in the GIS environment (Roongpiboonsopit and Karimi, 2010). In this study, the online method
was used to collect address content. Finally, the address of each hotel was obtained from the Address Registration
System website, which was created by the General Directorate of Population Registration and Citizenship Affairs.
These addresses have been accepted as reference data.

Method
Preparation Phase
There are various differences in address contents collected from different portals. The contents of an address component
in a portal may not be available in another portal in some cases. Therefore, it has been determined that the compliance
of each address component to the ARS implementation directive in order to identify such inconsistencies in address
content. According to this standard, it is mandatory that the province, district name, outer door number and postal code
in each address are included. Besides, in city centers; province, district, neighborhood name and only one of the road
type and the outer door number and postal code must be found (ARS, 2007). Since the study area remained in
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settlement, the parsed addresses are consist of six components in total: province, district, neighborhood, road name,
numbering and postal code. Since the study area is within the borders of a single country, the country component was
not taken into the assessment.

Address Similarity Detection
Similarity measurement is performed using lexically or semantically working algorithms. String-based algorithms that
operate lexically, concentrate on string series and character combinations (Gomaa and Fahmy, 2013). Semantic
algorithms are used in different application areas such as artificial intelligence, natural language processing, and
cognitive science. In this study, the similarity rates are calculated using the Damerau-Levenshtein distance algorithm,
which is one of the most common lexical algorithms (1).

(1)

where ve refer to two sample strings which are compared and
necessary procedure steps to transform into .

represents the distance measure that computes the

The Damerau-Levenshtein distance algorithm, which has been the basis for many studies from 1964 to the present day,
is described as an extended version of the Levenshtein algorithm (Damerau, 1964; Levenshtein, 1966; Hall and
Dowling, 1980; Peterson, 1980; Brill and Moore, 2000; Peled et al., 2013; van der Loo, 2014). The Levenshtein
algorithm computes the minimum number of operations needed to transform a string into another. The superiority of the
Damerau-Levenshtein algorithm to the Levenshtein algorithm is transposition of two neighboring characters with a
single process step (Damerau, 1964). For example, in Turkish, the term "Mah." is generally used as the abbreviation for
the component "Neighborhood". Unlike this term, when it is used another term such as "Mha.", the Levenshtein
algorithm finds a two unit distance between these two abbreviations. Whereas, the Damerau-Levenshtein algorithm
computes the distance as a unit. The shorter distance between two terms, the higher similarity rate results. Given that
web portals may have made similar simple mistakes in address expressions, it is found more appropriate to use the
Damerau-Levenshtein algorithm in determining the distances. The comparisons are implemented on a component basis
for a total of 74 hotels in the study area. Each hotel's reference addresses include information about the neighborhood
name, road name, numbering, district name, postal code, and province name components. However, there are some
shortcomings in components for services and web portals. For example, Google and Bing services may not provide
neighborhood information for a hotel address. If both of the contents compared as binary is not present, a consistency
value cannot be calculated. If one of the contents is present, the compliance is calculated as 0%.
Average consistencies obtained from the binary comparisons for the above mentioned components of 74 hotels in the
test area are given in two separate tables. The first table shows the consistency of the portals with each other (green) and
with the ARS (yellow) and, the second table shows the consistency of the services with each other (orange) and with the
ARS (blue). The abbreviations used in the tables are given below:
•

P1: Agoda.com portal

•

P2: Booking.com portal

•

P3: Hotels.com portal

•

P4: Hotelscombined.com portal

•

P5: TripAdvisor.com portal

•

S1: ArcGIS Online Service

•

S2: Bing Service

•

S3: Google Service

•

S4: Yandex Service
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Table 1. Address Components Similarity for ARS and Portals
(%)

Neighborhood

Road Name

Numbering

District

Postal Code

Province

Ref
P1
P2
P3
P4
P5
Ref
P1
P2
P3
P4
P5
Ref
P1
P2
P3
P4
P5
Ref
P1
P2
P3
P4
P5
Ref
P1
P2
P3
P4
P5
Ref
P1
P2
P3
P4
P5

Ref
100

P1
45.73
100

P2
45.05
67.29
100

P3
44.76
53.91
63.39
100

P4
47.06
61.29
68.08
62.08
100

100

75.79
100

73.8
86.36
100

57.39
79.1
85.25
100

72.5
80.34
84.21
87.26
100

100

72.11
100

85.6
78.09
100

56.61
69.58
79.79
100

89.24
70.25
82.56
78.59
100

100

27.38
100

51.88
62.41
100

29.6
52.68
58.62
100

44.89
47.15
68.14
42.55
100

100

74.59
100

79.2
62.41
100

75.68
70.54
79.46
100

0
0
0
0
-

100

99.51
100

100
99.51
100

68.7
69.1
68.7
100

98.82
98.33
98.82
67.94
100

P5
41.41
55.05
64.43
66.76
63.81
100
75.95
81.5
85.89
86.68
85.25
100
79.76
70.89
83.83
77.66
82.12
100
33.55
54.49
61.23
61.87
46.6
100
70.86
66.35
73.96
70.73
0

100
100
99.51
100
68.7
98.82
100

According to Table 1, consistency levels with the reference data of the neighborhood information obtained from the
portals, are very close to each other (yellow). However, this value which is around 45% on average for the portals, is
insufficient. The average consistency level (green) within the portals itself is around 63% and the values are very close
to each other. In the light of these values obtained, it can be said that the neighborhood information obtained from the
portals is not very reliable in general.
For the road name component, the web portals have a high consistency level (green) of over 80% with each other, but in
their consistency with ARS (yellow), this ratio appears to fall to 70%. For 'Hotels.com', the consistency rate with ARS
drops up to %57. The cause of this reduction observed in the consistency between reference and the web portals is that
the road name component in the web portals have more than one road names, which are contrary to the ARS directive.
In numbering component results, it is seen that the consistency levels between reference and portals are more relatively
lower and variable than results obtained between each other. For the district component, the consistency values (yellow)
between reference data and portals are generally low and highly variable, because comparative portal data has multiple
or repetitive information. Due of this reason, the consistency of the portals with themselves (green) is also lower than
expected.
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In postal code component results, although Hotelscombined.com does not provide postal code information, consistency
between the reference and other portals (yellow) is around 75% on average and the values are very close to each other.
Likewise, the consistency of the portals with each other is close (green).
Information on the province name component, which is generally provided from different sources, is highly compatible.
However, province names provided by 'Hotels.com' are inferior to all other data sets. The reason for this is that it has
repetitive information, as mentioned earlier.
Table 2. Address Components Similarity for ARS and Services
(%)

Neighborhood

Road Name

Numbering

District

Postal Code

Province

Ref
S1
S2
S3
S4
Ref
S1
S2
S3
S4
Ref
S1
S2
S3
S4
Ref
S1
S2
S3
S4
Ref
S1
S2
S3
S4
Ref
S1
S2
S3
S4

Ref
100

S1
66.78
100

S2
0
0
-

S3
89.73
72.64
0
100

100

88.35
100

98.69
88.63
100

81.71
73.18
82.03
100

100

88.03
100

98.65
89.24
100

92.53
82.53
91.18
100

100

97.88
100

0
0
-

99.21
97.1
0
100

100

100
100

100
100
100

95.95
95.95
95.95
100

100

98.65
100

87.5
86.32
100

100
98.65
87.5
100

S4
45.23
50.04
0
50.59
100
78.68
70.04
78.73
92.15
100
95.5
83.53
94.14
89.38
100
98.65
96.53
0
97.86
100
0
0
0
0
100
98.65
87.5
100
100

According to Table 2, when the services' consistency with the reference (blue) is examined, it seems that Google has
done quite well, whereas Bing does not have neighborhood component. Although ArcGIS Online and Yandex have the
neighborhood component, it cannot be said that this information is reliably reflected to users. Similarly, services cannot
be said to be very compatible among themselves (orange). On the other hand, the reason for the higher compatibility
between Google and ArcGIS Online is that ArcGIS Online service only keeps 'neighborhood name' as the standard in
the neighborhood component. Since Yandex does not reflect neighborhood information regularly, the consistency
values with the other two services are low.
In road name component results, the consistency level between services and reference data is quite high (blue). Bing is
approximately 99% compatible with the reference. In consistency levels with the reference for Google and Yandex were
obtained lower results in comparison with other. Bing is more compatible with ArcGIS Online when the consistency
between services (blue) is examined. Similarly, Google and Yandex are more compatible with each other. The reason
for the higher consistency rates between the services is that they use abbreviations in similar standards.
When examining the results of the numbering component, it can be said that the three services, especially those other
than ArcGIS Online, are highly consistency with the reference. The numbering information provided by Bing is very
sensitive to reference data. Concordantly, services (orange) have higher compliance values within themselves.
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In district component results, the consistency between reference data and services (blue) is quite high, except for Bing.
The reason is that Bing does not provide any district information for this study area. In addition, consistency between
Google and reference has the highest value. Similarly, it can be said that the other services have high results with each
other (orange).
ArcGIS Online and Bing services provide postal code information by reference (blue) 100% compatible. Google's
consistency is slightly lower than these two services. On the other hand, Yandex does not provide any postal code
information. The consistency of the services with each other are also parallel to this (orange).
Finally, the consistency levels in the province name component show that the services are compatible with each other
and with the reference data.

CONCLUSIONS
In this study, consistency levels between address definitions used in Turkey were examined based on the components,
using a character-driven process algorithm, through services and web portals. The calculated average consistency values
show that address information provided by the services is more compatible with ARS than web portals information.
The results from the portals generally vary widely. Hence, the unsuccessful consistency values such as approximately
27% were determined in Table 1. The main reason for this situation, the address information in Turkey still cannot be
expressed in a standard way.
Since the Damerau-Levenshtein algorithm used in comparisons is character-driven, usage different abbreviations and
space between the characters reduces the similarity results. This seems to be a weakness of the Damerau-Levenshtein
algorithm. By ignoring abbreviations and spaces, an algorithm that gives semantic relations prominence may overcome
this problem. In the future, we will work on the design of an address comparison algorithm that can overcome these
problems.
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Abstract
The aim of the study is a profound spatial and statistical analysis of urban greenery in Warsaw and its availability for
the citizens. By means of the Average Nearest Neighbour analysis, Moran's I, we proved that the spatial distribution of
greenery in Warsaw is clustered, irregular and not spatially autocorrelated. Parks and gardens are located in the
central part of the city, while forests dominate in the suburbs. OLS regression shows that the urban greenery area
significantly depends on the district area (R2=0.96). The relationship between the area of urban greenery and the
number of inhabitants depends on the location of a district. For districts located close to the center, Pearson's r is 0.96,
while for the peripheral ones - only 0.26. 74% of residential area is located within 1 km from recreation and leisure
green areas, and 90% within 2 km. Green space allocation per capita is 121,7 m2 but varies significantly between the
districts (from 3 to 602).
Keywords: spatial analysis, urban greenery, statistical analysis, spatial distribution

INTRODUCTION
Urban greenery, also known as green infrastructure or urban green space, is an extremely important element of the
urban landscape. It fulfils important ecological, technical and health functions, such as: reducing the heat island effect,
infiltration of rainwater, or noise suppression (Czerwieniec and Lewińska, 2000; Dige 2011, Hudeková 2011). The
presence of green areas has a positive effect on the aesthetics of a place (Łukaszewicz and Łukaszewicz, 2009). The
analysis of urban greenery allows for a better understanding of a city structure (Fialkowski and Bitner 2008) and
functions (McDonnell et al. 2009, Niemelä 2011). An accurate estimation of green space coverage and an assessment of
the type of green space system facilitate city planning (Breuste et al. 2008). The benefits and functionality of urban
green spaces are broadly discussed in the literature with regard to their social, economic, cultural and environmental
aspects of sustainable development. Fuller and Gaston (2009) documented, on the basis of 386 European cities, that a
city shape and size affect profoundly the proximity to green space outside the city boundaries. They also found that
small, densely populated cities show very low per capita green space allocation. Moreover, the analysis of green space
coverage shows very high diversity: from 1.9% (Reggio di Calabria, Italy) to 46% (Ferrol, Spain). Poland and Warsaw
fall below the average values. It could be partially explained by the rough data used, e.g. Urban Atlas and CORINE
Land Cover with a minimum mapping unit of 25 ha.
This paper seeks to show that Warsaw is a green city, not only in the minds of its residents or tourists, but also
according to the results of a quantitative study. The study aims at a profound spatial and statistical analysis of urban
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greenery in Warsaw, paying particular attention to its availability for the inhabitants. It also explores the relationship
between the population of Warsaw and the amount of green spaces, using the green space coverage and green space per
capita indexes. Although there are some studies of greenery in Warsaw (Degórska, 2004; Degórska, Degórski, 2017).
this work focuses on a quantitative analysis of spatial data collected in the national topographic database at a scale of
1:10,000.

Study area
Warsaw is the capital and the largest city of Poland. It stands on the Vistula River in the east-central Poland and covers
an area of 517.24 square kilometers. Its population is estimated at 1.7 million. Warsaw is made up of 18 districts which
play a major role in defining the character of the city: Bemowo, Białołęka, Bielany, Mokotów, Ochota, Praga Południe,
Praga Północ, Rembertów, Śródmieście, Targówek, Ursus, Ursynów, Wawer, Wesoła, Wilanów, Włochy, Wola, and
Żoliborz (Figure 1). According to the 2016 Polish statistical data (GUS, 2016), the population distribution in the study
area varies considerably from the densely populated Ochota (8,600 person per square kilometer) to the sparsely
populated district of Wawer (900 person/sq.km). Moreover, the size of the districts is heterogeneous, and varies from
8.47 to 79.90 km2, in Żoliborz and in Wawer, respectively. Both the city government and the residents perceive Warsaw
as a green city. In 2017 Warsaw applied for the European Green Capital Award, and reached the semi-final.

Figure 1. Study area location

Data
Information on the type, area and location of urban greeneries comes from the National Database of Topographic
Objects (thereafter referred to as BDOT10k). BDOT10k is a seamless vector database with the level of detail
corresponding to 1:10,000 civilian topographic maps (Bac-Bronowicz et al., 2010) and with geometrical accuracy
varying from one to several meters, depending on the type of features and the source of their acquisition (Doskocz,
2016; Ławniczak, Kubiak, 2016). Its thematic scope covers nine classes, among which land cover and protected areas
contain information on urban greenery (Regulation of 2011). The pivotal objects of the study are listed in Table 1.
BDOT10k was also a source of information on residential buildings, which was used for computing the accessibility of
green areas. District borders were derived from the National Register of the Territorial Division of the Country, while
the population density - from the Basic Urban Statistics (GUS, 2014). All data are listed in Table 1.

409

Proceedings, 7th International Conference on Cartography and GIS, 18-23 June 2018, Sozopol, Bulgaria
ISSN: 1314-0604, Eds: Bandrova T., Konečný M.

Table 1. Data used in the study
Source name

Class name

Object types

Data custodian

Spatial
resolution

Temporal
scale

BDOT10k

Land cover

Forest and tree-cover
areas, shrub and bush

Surveyor General

1:10,000

2010

BDOT10k

Buildings and
constructions

Buildings

Surveyor General

1:10,000

2010

Register of Territorial
Division Units

Administrative
division

Districts, fifth level
administration division

Surveyor General

District

2016

Demography

Population

Population density

Central Statistical
Office (GUS)

District

2012

Statistical and spatial analysis
Green areas as an element of urban greenery were defined in two legal acts: the Act of April 16, 2004 on Nature
Conservation (Journal of Laws 2004 No. 92 entry 880) and the Act of January 31, 1980 on the Protection and Shaping
of the Environment (Journal of Laws, 94.49.196), while the more comprehensive definition, listing various forms of
green areas, is in the Nature Conservation Act. This study, in general, follows the definition given by the Nature
Conservation Act. The analyzed urban greenery consists of: city parks and gardens, forests, tree-cover areas, groves,
and protected area, including the Natura2000 sites.
Green space coverage, expressed as a percentage, is the quotient of green spaces in a district and the total area of
a district. Green space per capita shows the surface area of green spaces (in meters) per one inhabitant in the districts
and in the entire city.
Inferential statistics were used to reach conclusions that extend beyond the immediate data alone. The Average Nearest
Neighbor (ANN) and Global Moran’s spatial autocorrelation tools demonstrated the spatial distribution pattern of urban
spaces in Warsaw. The Average Nearest Neighbor tool measures the distance between each geographical feature
centroid and its nearest neighbor's centroid location and averages all these nearest neighbor distances. When the average
distance for a hypothetical random distribution is below average, the distribution of the features being analyzed is
considered clustered. If the average distance is greater, the features are envisaged as dispersed. The average nearest
neighbor ratio, calculated as the observed average distance divided by the expected average distance, less than 1
highlight the clustering pattern, greater than 1- dispersion (Mitchell, 2005). The Global Moran's I statistic measures
spatial autocorrelation as the similarity between values of an area of urban green features as a function of spatial
distance. The Moran’s I Index varies between − 1.0 and 1.0 for maximum negative and positive autocorrelation,
respectively. Non-zero values of Moran’s I indicate that richness values in quadrats connected at a given geographical
distance are more similar (positive autocorrelation) or less similar (negative autocorrelation) than expected for
randomly associated pairs of quadrats. Statistical significance of the Index is expressed as a z-score and p-value (Getis,
Ord, 1992).
Ordinary least-squares (OLS) regression was chosen to model the relationship among urban green space (dependent
variable), district surface area and population density (independent variables). By OLS and the coefficient of
determination (R2) the fraction of variance of urban green space in districts was explained by the total district area and
population density in the districts of Warsaw.
The accessibility of urban green spaces was computed in a two-step analysis. Firstly, buffers of 100, 500 1000 and
2000 m were created around recreational green areas (parks, gardens) and natural green areas such as: forest, treecovers, scrublands and protected areas. The buffers size were justified by research conducted by Panduro (2013).
Moreover, van Herzele and Wiedeman (2003) or Cvejić et al. (2015) assume that the minimum walking distance should
be of 100 m to the nearest green space (door-to-door distance) while the maximaum distance - about 2000 m. Secondly,
all residential buildings within the buffer zones were selected and their percentage share in the district was calculated.
The results of the investigation are presented in the form of a choropleth map according to the rules established by
Dukaczewski (2016), Koch (2016) as well as Horbiński and Medyńska-Gulij (2017), graphs and tables.
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RESULTS AND DISCUSSION
General characteristics of urban greenery
Green areas in Warsaw comprise almost 25% of the city surface area. It is one of the few European capital cities where
green spaces comprise not only parks, gardens and other green leisure areas but also forests and a nature reserve
(Ciołkosz, Bielecka, 2005). Forests occupy 52.39 km2 and account for a high percentage (42%) of green space in the
city. They are located mainly on the fringe of Warsaw and form a green belt around the city (Figure 2). Together with
the tree-cover area they constitute 13.6% of the total surface are of Warsaw. The Kampinoski National Park, located in
the near vicinity of Warsaw covers a small part of the Bielany district (the Bielany Wood). It is protected as a UNESCO
World Biosphere Reservation. The green bank of Vistula River is the habitat of wildlife, mainly birds, and belongs to
the Natura 2000 sites. Other protected areas are small spaces scattered all over the city. Protected green space takes up
14% of urban green space. There are 79 parks and gardens in Warsaw, they cover about 9% of urban green space and
2% of the total surface area of the capital. Some of the city parks are historic objects and are located near a former royal
residence (Wilanów, the Łazienki Park). Many parks are accompanied by sport and leisure areas that make them
favorite places of relaxation.

a)

b)

Figure 2. Warsaw urban green area a) spatial distribution; b) percentage share of urban green space

Spatial pattern analysis
The visual analysis of Figure 2a indicates clustered and uneven spatial distribution of urban green spaces. Parks and
gardens are concentrated in the central part of the city, while forests - on the outskirts. This was confirmed by the ANN
analysis. The Nearest Neighbor Ratio equals 0.754562, which indicates clusterization. The z-score of −29.308 shows
that this clustered pattern of urban green areas is not a result of random chance (with the level of significance over
99%). The analysis of spatial autocorrelation between acreage of urban green space, by means of the Global Moran’s
Index (equals 0.01029) evidently indicates that the null hypothesis of complete spatial randomness cannot be rejected.
The pattern formed by urban green spaces is not significantly different than random, the value of a z-score is 0.953.
The uneven pattern of spatial distribution of urban green space is also highlined by the percentage share of green area in
the total acreage of the districts (Figure 3a). Wesoła, Rembertów and Wawer are the districts with the highest green
space ratio, amounting to 63%, 47% and 44%, respectively. These districts are located on the right bank of the Vistula
river, on the outskirts of the Masovian Woods. In Bielany and Ursynów, the Bielany Wood and the Kabaty Woods
(a common weekend destination for the inhabitants of Warsaw) have the largest influence on the share of green areas.
The smallest values of the green space ratio are characteristic for two peripheral districts of Warsaw: Ursus and
Włochy, 2 and 3% respectively. The average green space ratio for Warsaw is 20.5%. The standard variation equaling
16.28% and the coefficient of variation (CV) equaling 79% confirm a substantial dispersion of green space in the
districts of Warsaw.
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a)

b)

Figure 3. Warsaw a) –- green space ratio b) – green area per capita [in m]
Green space allocation per capita in Warsaw is 121.7 m2 but varies meaningfully between the districts of Warsaw
(Figure 3b). The disparity is indicated by the coefficient of variation CV=148% and the standard deviation SD=181.2.
The largest number, as many as 603 square meters of green space per capita is in Wesoła, a sparsely populated, fringe
district. The smallest number, 3 sq. meters per person, is in Ursus, which is an industrial and densely populated district
of Warsaw.

Statistical analysis
The statistical analysis of the relationship among population density in districts, urban green spaces and district areas
revealed a significant difference between the districts located in the centre and its immediate vicinity (central districts)
and the peripheral districts directly bordering the administrative boundaries of the city. The central districts include:
Mokotów, Ochota, Praga Południe, Praga Północ, Śródmieście, Wola, and Żoliborz. The peripheral districts comprise:
Bemowo, Białołęka, Bielany, Rembertów, Targówek, Ursus, Ursynów, Wawer, Wesoła, Wilanów, and Włochy.
The central districts are very similar in terms of their green space coverage. An average of 10% of their space is green
space with a 17.58% margin of error (coefficient in simple linear regression = 0.0995±0.017). The coefficient of
determination is equal to 0.87. The correlation coefficient is 0.93. These districts have similar density of population.
There is a strong linear relationship between the surface of a district and the number of its inhabitants. The correlation
coefficient is 0.96. This gives an average of 63 inhabitants per hectare. The coefficient of determination equals 0.93.
Thus, there is a linear relationship between green space coverage and the number of inhabitants. There are 567
inhabitants per one hectare of green space. It gives 15 m2 of green space per inhabitant. The coefficient of determination
is equal to 0.86, while the correlation coefficient is 0.93.
In the peripheral districts average green space coverage is substantially higher compared with the central ones and
amounts to 36% with a 24% margin of error. The coefficient of determination is equal to 0.65. These districts are
characterized by a higher level of diversity of the spatial distribution of green spaces. There are districts where green
spaces comprise approximately one half of their surface area, and also districts where only 2-3% of their surface area is
green space. The correlation coefficient is equal to 0.81. The peripheral districts are heterogeneous with regards to
population density. There is no linear relationship between the surface of a district and the number of its inhabitants.
The correlation coefficient is only 0.26. In the peripheral districts there is no linear relationship between green space
coverage and the number of inhabitants. The correlation coefficient is barely 0.04.

Urban green space availability
Green spaces in Warsaw are quite well accessible. 74% of residential area is located within 1 km from green recreation
and leisure parks, and 90% within 2 km. More than 7% residential buildings are in the near vicinity (up to 100 m) of
parks and gardens, 47% - not farther than 500 m (Figure 4).
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Figure 4. Percentage of residential buildings and the distance [in m] from green areas
The availability of green areas is different for inhabitants of detached or semidetached houses and multi-family homes.
The residents of Ochota, Śródmieście and Żoliborz have the best access to urban greenery. On average 15% of multifamily buildings are located very close to parks (not farther than 100 m), and for 72-75% buildings distance to parks is
not greater than 500 m. For example in Śródmieście, one of the central districts, more than 61% of family houses are
situated next door to parks and gardens, as much as 97% - 500 m away parks and gardens.

a)
b)
Figure 5. The proximity of multifamily buildings to urban greenery, percentage of buildings at distances of 100, 500,
1000 and 2000 m a) the proximity of parks and gardens, b) the proximity of forests and landscape parks
The availability of parks and forests is the worst in Bemowo, Białołęka, Rembertów, Wawer and Wesoła, the fringe
districts. Only 2 to 5% of multi-family housing is located within a 500 to 1000 m distance from urban greenery.
However, it is compensated for by very good access to forests and landscape parks. The percentage of multi-family
houses located within a 500 m distance from forests is 72% for Białołeka, 82% for Rembertów and over 95% in Wawer
and Wesoła. Inhabitants of detached and semi-detached houses have similar access to forests. The inhabitants of Ochota
have to cover the greatest distance to get to a forest. Only 20% of residential areas are within a 30-minute walk to
a forest.

CONCLUSIONS
Urban greenery is highly diversified both in terms of spatial distribution and the types of green areas. The analysis
revealed substantial differences between the central and peripheral districts. Drawing a distinction between the types of
districts was an important element of the analysis. The two types of districts differ with respect to the average surface
area occupied by green spaces. Linear relationships between the surface of a district and the number of inhabitants and
between green space coverage and the number of inhabitants are found only in the central districts. The central districts
are homogeneous with regards to population density. If all districts were analyzed together, information about the
relationships taking place in the central districts would be lost. The high value of urban green ratio (20.5%), green space
allocation per capita equals 121.7 m2 as well as satisfying green area accessibility prove that Warsaw is perceived as a
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green city. However, it is important to be aware of some threats linked to rapid urbanization of peripheral districts and
densification of sparsely built-up areas that could diminish urban greenery area and cause its highest fragmentation
(Bober et al., 2016).
The study results provide a reference to urban planners as well as local authorities for future urban greening practices.
They are also helpful for people searching for apartment buying or renting. Different types of urban greenery have
different spatial distributions and diverse associations with districts population and area. In Warsaw urban greenery is
clustered and evenly distributed. Parks and gardens are mainly located in the central part of the city, while forest at the
outskirts. The neighborhood of green areas can sometimes be perceived by residents as unfavorable, especially when it
comes to transport accessibility. Large, fenced parks and gardens are a significant obstacle when one needs to reach
some destination quickly (Moscicka et al. 2016; Pokonieczny 2018).
It is worth to mention that the proximity of green space, expressed as a buffer zone, is not exactly equal to its
accessibility. The buffer distance does not fully reflect the visiting distances. Future studies should take into
consideration park size, park quality, and different visiting distances to better quantify the potential benefits of urban
parks.
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Abstract
In rural areas of the developing world, where the majority of the poor live, good transport connectivity through road
infrastructure and transport services is an essential part of the enabling environment for sustainable growth. Access to
markets and social services is a major determinant of economic status and welfare. Measurement of access is therefore
of great importance for policy analysis and planning of interventions. The resulting Rural Access Index (RAI) may serve
as a useful and cost effective tool for governments planning their rural transport programs and as an indicator of
progress towards the achievement of several of the UN Sustainable Development Goal (SDG) targets. The purpose of
this paper is the presentation of the results of the first country-wide road survey ever conducted in Armenia, the results
of which were used to measure rural accessibility.
Keywords: Rural Accessibility Index, Accessibility Analysis, Armenia

INTRODUCTION
Transport connectivity is an essential part of the enabling environment for inclusive and sustained growth. In many
developing countries the vast majority of farmers are still disconnected from local, regional, and global markets. To
reduce poverty and support inclusive economic growth, rural access is key. The Sustainable Development Goals
(SDGs) aim to build resilient infrastructure, promote inclusive and sustainable industrialization, and foster innovation
(Goal 9), for which Target 9.1 is to develop quality, reliable, sustainable and resilient infrastructure…to support
economic development and human well-being, with a focus on affordable and equitable access for all. The Rural Access
Index (RAI) is proposed as an indicator to measure this target. The role of transport infrastructure in reducing poverty
through better access to opportunities and services has been widely studied, but not clearly understood (Gannon and Liu
1997; Booth et al. 2000). Shared prosperity and poverty reduction require making the transport network accessible to
everyone, particularly the poor and bottom 40 percent.
Improved access to social services, infrastructure and markets is an important element of rural development and poverty
alleviation. Poor access, especially in rural areas is associated with a range of development problems – children face
difficulties in reaching educational facilities; residents have severe problems in getting to health facilities for both
emergency and non-acute treatment; farmers have less incentive to exploit the full agro-ecological potential of remote
farming areas due to problems in reaching markets; or they face low farm gate prices offered by traders. From a policy
analysis perspective, it then becomes important to devise ways of measuring access – across space and over time. New
ways of collecting and analyzing geographically explicit data have also given rise to new ways of measuring and
visualizing accessibility (Yoshida and Deichmann 2009).
The potential accessibility index is constructed based on the assumption that the benefit of access to an urban center
increases with the population size of the center, and declines with distance, travel time or cost. Improvements in
geographic information systems (GIS) have opened up new ways to measure accessibility. A typical way to assess
accessibility has traditionally been to conduct a household survey and ask each household (typically the household
head) in the sample how far urban centers are from the household. An alternative and modern approach is to measure
accessibility directly from geo-referenced databases. In many developing countries, an increasing number of road
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networks and locations of cities and villages are digitized and referenced according to the location code system (Gibson
and McKenzie 2008). Using these databases, a standard commercial GIS packages (like ArcGIS, QGIS) can easily
calculate the shortest route between an origin site and a destination such as a large city or the closest major road.
Estimates of feasible travel speed, taking into account the road conditions, can then convert distances into estimates of
travel time.
The latter approach based on GIS databases is more objective than the traditional approach in that it leaves little room
for subjective judgement. Another attractive feature of this approach is related to how the results are shown. A table
with 10,000 villages’ access indicators is almost incomprehensible. Instead, the GIS-based accessibility index is
presented in a map that identifies geographical patterns of villages suffering from lack of access to infrastructure.
Potential accessibility indexes are becoming increasingly popular in the empirical literature that tests the impact of
market access to regional economic growth and poverty reduction. For example, potential accessibility indexes have
been used to test hypotheses from “New Economic Geography” on externalities from urban agglomeration, such as
whether access to urban agglomeration helps local firms improve their productivity. Also, along with recent
developments in poverty mapping, the indexes are used to examine the spatial relationship between poverty and market
access (Yoshida and Deichmann 2009).

COUNTRY OVERVIEW
Armenia is a lower-middle-income country with a gross national income (GNI) per capita (Atlas method) of US$ 3,760
in 2016. Armenia’s economy has grown by 3 percent per year on average since it gained independence in 1991, but the
average masks large fluctuations. The country’s growth episode can be distinguished into five phases: (a) the period
after independence (1991-1993) in which the economy contracted by half; (b) the transition phase (1999-2003) in which
growth was driven by high productivity growth and rising exports; (c) the construction boom period (2003-2008),
facilitated by the government’s campaign to actively encourage investments from Armenians living abroad into real
estate in Armenia; (d) the period of a sharp economic contraction and post-crisis recovery (2009-2011), when the
government responded to the collapse in economic activity by increasing public spending for the construction sector;
and (e) the current phase, in which solid export growth and weak domestic demand, in combination with a recession in
the Russian Federation, only allows for sluggish economic growth (World Bank 2017).
Armenia has a relatively well-developed road network, serving all areas of its economy, but road quality is still a matter
of concern, particularly in rural areas. With an underdeveloped railway network, principally due to its difficult terrain,
the road system is of vital importance for the development of the country. Most of the road network was built in the
1960s and 1970s. Most republican and local roads have deteriorated since independence. The roads linking villages to
the main highways are often called “lifeline roads” in Armenia. They are vital for communities’ located dozens as well
as hundreds of kilometers away from urban areas. With a significant part of them last rehabilitated in the Soviet era, the
lifeline roads are in desperately poor conditions, effectively cutting off rural communities from the nearby towns and
big cities (World Bank 2017).
Most of freight and passenger transport is conducted by road. The classified road network is 7,700 km long with 1,400
km of interstate roads, 2,520 km of regional roads, and 3,780 km of local roads. Surface conditions of these roads vary
from good to fair, and up to 84 percent of roads are paved.
Armenia is subdivided into eleven administrative divisions. Of these, ten are provinces, known as marzes or in the
singular form marz in Armenian. Yerevan is treated separately and granted special administrative status as the country's
capital.

METHODOLOGY
Where poverty is predominantly a result of isolation from markets and services, it is not surprising to see a close
correlation. It is hence useful to construct indices to better understand the spatial relationship between poverty incidence
and market and service accessibility. Three indices are proposed: (a) Rural Accessibility Index (RAI), (b) Market
Accessibility Index (MAI), and (c) Service Accessibility Index (SAI).

Methodology for Calculating Rural Accessibility Index
The RAI developed by Roberts et al. (2006) is one of the most important global development indicators in the transport
sector. The RAI measures the proportion of the rural population within 2 km or a 25-minute walk to an all-weather
road. An all-weather road in this context is considered as one in fair condition or better. The proposed RAI method
proposed here requires three data: (i) Population distribution, (ii) Road network, and (iii) Road condition. Geospatial
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techniques are used to combine all of them in the same format (Figure 1). The use of this spatial data has various
advantages: It can help ensure consistency across countries. The level of spatial resolution is broadly the same
regardless of the size of countries or subnational boundaries. Any given norm of connectivity (e.g., 2 km distance from
a road) is uniquely and unambiguously applied for all countries. Global population distribution data are highly
disaggregated to enable an assessment of how many people live at any given locality. In addition, global population
distribution data are regularly updated and provided mostly free of charge, which greatly helps ensure the sustainability
of the index.

Figure 1. Data requirements for the Proposed RAI (Source: World Bank 2016)

Data requirement (1): Population distribution data
Quality population distribution data are essential to correctly measure rural access. However, detailed and contemporary
census data is only available in Armenia for 2011 and cannot be easily accessed due to prevailing confidentiality laws.
The proposed method relies on available global population distribution data. In addition, detailed, contemporary census
data may not be available in developing countries. In recent years, highly disaggregated global population data, such as
LandScan and WorldPop, have been developed by the international research community. Although it remains subject to
available data, modeling and assumptions, these datasets distribute subnational data at the more detailed, subnational
level, using a number of spatial data and techniques. While all available population datasets are derived from population
census data, each dataset has advantages and disadvantages. While LandScan, for instance, provides population
distribution at approximately a 1 km resolution, WorldPop is available at a 100 m resolution
(http://www.worldpop.org.uk/).

Data requirement (2): Road network data and Road Condition data
The RAI aims at taking advantage of georeferenced road network data. The use of spatial data has the particular
advantage of locating roads accurately and objectively. In the RAI calculation, client government data are used
whenever available. They are consistent with the road network for which road agencies are responsible and are
relatively easily merged with other operational databases, such as road asset management systems, and traffic count
data. From a sustainability point of view, it is also important to foster ownership by and partnership with client
governments, and will encourage them to collect condition data and use the resultant RAI outcomes directly in their
operations.
The most difficult challenge in the new RAI calculation lies in collecting road condition data at the individual road
segment level. Some road condition data may already have been georeferenced but are often fragmented and in different
data formats. Thus, it is necessary to collect reasonably accurate road condition data and integrate them into the abovementioned georeferenced road network data.
In recent years, smartphone applications for road condition assessment have been developed. These are becoming
increasingly attractive because of their cost-effectiveness and objectivity. There are both commercial and open
applications. While the former may allow for a better maintenance and update of collected data, with some additional
assessment tools provided, the latter is more cost-effective. It is essentially free software. For instance, the RoadLab app
can record roughness estimates for every 100 meters, as well as average speed and GPS coordinates of both starting and
ending points, while a user is driving with the app running on a smartphone or tablet. This is a relatively cost-effective
option, although labor costs are still required for surveyors or drivers. But if this is used in the open data context to
which everyone can contribute, the cost of data collection could be nearly zero, creating significant potential for
sustainability in data collection as well as citizen engagement in road asset management more broadly.
In the case of Armenia the road survey was carried out between April and May of 2017 to avoid icy and snowy
conditions and obtain a more accurate measure of the International Roughness Index (IRI). Because of inadequate
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snow-removal efforts in rural areas, accessibility is seriously curtailed in the winter. For road survey RoadLabPro
smartphone application was used to capture georeferenced road condition data of the entire road network of Armenia.

Computing the RAI
As mentioned above, the RAI is defined as the share of the population who live within 2 kilometers of the nearest road
in “good or fair condition” in rural areas. A road in good condition refers to:
•

Paved road with IRI less than 6 m/km and unpaved road with IRI less than 13 m/km, when IRI data are
available; and

•

Paved road in excellent, good or fair condition and unpaved road in excellent and good condition, when IRI
data are not available but other road condition data, such as Pavement Condition Index (PCI) or visual
assessment by class value, are available.

The road condition data in Armenia were determined based on the IRI value of the road according to the following
matrix (Table 1):
Table 1. Road condition taken into account in RAI calculation
Condition

Minimum Roughness (IRI)

Maximum Roughness (IRI)

Very Good

1.0

2.0

Good

2.0

4.0

Fair

4.0

6.0

Poor

6.0

10.0

Very Poor

10.0

16.0

Methodology for Calculating Accessibility Indicators
The MAI is defined as the travel time required for the population in a given area to reach a town, city, or any other
high-density population center. The MAI as defined in this study is driven only by time and distance. It does not take
into account important factors such as affordability, availability, and reliability of transport; availability of transport
services on the supply side; and household income and purchasing power on the demand side.
The simplest formula for an accessibility index (Ii) is depicted below:
𝑰𝑰𝒊𝒊 = �
𝒋𝒋

𝑺𝑺𝒋𝒋
𝑻𝑻𝜶𝜶𝒊𝒊𝒊𝒊

where, Sj is a size indicator at target j (for example, population of large cities/towns), and Tij is the distance (or travel
time) between origin i and target j. By varying α, the functional form of the impact of travel time on the potential
accessibility can be changed. A high α implies that the influence of nearby cities diminishes very quickly, while a low α
means that even cities and towns far away exert an influence on a location (Yoshida and Deichmann 2009).

RESULTS
Rural Accessibility Index
Given Armenia’s current road conditions, it is estimated that 66 percent of the rural population, or 1,190,000 people, are
within 2 km of a road in good condition, while an additional 610,000 people do not have access to an all-weather road.
The analysis demonstrated that Kotayk and Armavir Marz have the highest RAI and Gegharkunik Marz has the lowest
RAI as illustrated in Figure 2.

420

Proceedings, 7th International Conference on Cartography and GIS, 18-23 June 2018, Sozopol, Bulgaria
ISSN: 1314-0604, Eds: Bandrova T., Konečný M.

Figure 2. RAI Map for Armenia and RAI by Marz 2017
This finding implies that there is a high degree of physical isolation for a nontrivial number of rural households in
Armenia. The RAI provides a consistent basis for estimating the proportion of the rural population that has adequate
access to the transport system (Roberts et al. 2006). While the country-wide RAI is high compared to other low- and
middle-income countries, it is still lower than the 2003 estimate of 80 percent. This may be due to structural changes in
the demographic distribution of Armenia and the way in which the RAI has been calculated for the selected period. It is
important to mention that the RAI by itself does not fully capture people’s access to opportunities and services. To this
end, another set of indicators was constructed to illustrate the essential goal of transport and mobility, and the ease with
which households can access markets, education, and health’s facilities.

Market Accessibility Index
Drawing on the methodology developed by Yoshida and Deichman (2009), an index is constructed to gauge
connectivity-specific locations within the country in the larger cities in Armenia (Yerevan, Gyumri, and Vanadzor) and
other smaller urban centers, while considering the population of the cities or other destinations of interest and the
transportation facilities to reach them. In the absence of household surveys to measure countrywide access to urban
centers, open source demographic data are used to assess the distribution of the population in Armenia (WorldPop
2015) and linked to the data from the community database, which is available until 2015, and the geo-referenced
database that was assembled through the 2017 road survey to derive the MAI. For the purposes of this study, this index
calculates total population in all the communities and towns of Armenia within a given threshold distance, inversely
weighted by travel time from the origin. The index assumes that the benefit of access to an urban center increases with
the population size of the center and declines with distance, travel time, or cost.
The GIS played a key role in constructing the MAI for Armenia. The index was calculated considering time intervals
needed to reach the nearest town hall/city hall. A statistical analysis was performed using the zonal statistical tools and
with the use of GIS. The actual speed values recorded during the road survey for each 100-m interval of the roads are
used for calculations since they provide for more detailed and realistic assessment than using the constant speed values
for each level of the roads.
Using the approach, the MAI was computed for the following:
•

Time intervals needed to reach the nearest city hall of the three main cities in Armenia (Yerevan, Gyumri, and
Vanadzor). These are cities with a population of over 50,000 (Figure 3).

•

Time intervals needed to reach the nearest city hall/town hall of the cities/towns with population over 15,000.
There are 19 such towns in Armenia (Figure 4).
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•

Time intervals needed to reach the nearest city hall/town hall of the 30 largest cities/towns in Armenia (cities
of approximately 10,000 people or more).

Figure 3. Travel Times to Yerevan, Gyumri, and Vanadzor Cities and Distribution of the Rural Population from the
Point of Interest (Source: World Bank 2017)
As can be seen from Figure 3, close to half of Armenia’s rural population lives in settlements situated within one hour
of the country’s largest cities, indicating the economic reliance on the dominant cities and the country’s relatively
compact size and dense demographic distribution. For over 25 percent of the population, a journey to the main cities
takes over two hours, particularly in the southernmost marzes of Syunik and Vayots Dzor, where rural accessibility is
unsurprisingly low compared to other marzes (World Bank 2017).

Figure 4. Average Travel Time to Towns with Population of over 15,000 and Distribution of Rural Population from
the Point of Interest (Source: World Bank 2017)
Figure 4 shows that more than half of Armenia’s rural population is located within a 30-minute drive from a town of
15,000 people, demonstrating that the rural population is relatively well connected to the immediate towns where they
are likely to sell their produce and buy inputs for production and consumer goods.

Service Accessibility Indices
One final step of the analysis was to measure the average time it takes for the population to reach social services. To
this end, the average travel time to health facilities and schools in the whole territory of Armenia was measured.
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Figure 5. Average Travel Times to the Closest Health Facilities and Distribution of the Population within Time
Thresholds (Source: World Bank 2017)

Figure 6. Average Travel Times to the Closest Health Facility, by Marz
Figure 5 and Figure 6 show that geographic coverage of health facilities is almost universal in Armenia with at least
one health post in almost every community. Shirak is the marz with the least health service availability, but even there,
it takes on average 17 minutes to reach a primary health post.
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Figure 7. Average Travel Times to the Closest School (Source: World Bank 2017)
Figure 7 and Figure 8 show that geographic coverage of schools is almost universal in Armenia with at least one
elementary school in almost every community. Gegharkunik Marz has the highest average travel time to reach a school,
but again, it takes on average less than 15 minutes to reach a primary school in that marz.

Figure 6. Average Travel Times to the Closest School, by Marz

DISSCUSSION
For the first time, geo-referenced data of the road network in Armenia was used to measure accessibility indices. The
countrywide accessibility analysis provides some insight into the extent to which the rural population is constrained in
terms of physical access to opportunities. The results suggest that despite the relatively poor condition of rural roads in
several regions of the country, most inhabitants have relatively good access to services and markets. This implies that
while the quality of rural roads in Armenia is still a matter of concern, there does not seem to be a lack of market and
service concentration as evidenced by a high degree of accessibility to high-density population centers, health posts, and
schools.
The results presented cannot be taken for year-round accessibility. As mentioned earlier, the road survey took place in
spring when most of the road network was accessible. Accessibility can be seriously curtailed in winter, particularly in
rural communities that depend on the lifeline road network, which does not get proper snow removal equipment. For
instance, during winter, the roads in the north (Shirak and Lori Marzes) and in the south (Syunik) are closed for short
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periods due to insufficient snow cleaning machinery. Heavy snow and fog are common from the end of January to the
beginning of February. The same applies to some mountainous regions such as Tavush and Syunik that are subject to
landslides in the rainy seasons blocking access to some of the poorest communities (World Bank 2017).
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Abstract
Buildings can generally be represented as individual polygons until 1:100 000 in topographic maps. As scale
decreases, the level of detail of the features is reduced with generalization to preserve the readability on map. In this
context, shape analysis is important because it can be used in generalization operator and parameter selection,
generalization quality evaluation as well as scale inference for VGI and remotely sensed data. Shape analysis of
polygons are often carried out with various shape indices. A shape index usually measures a specific shape
characteristic of a polygon. In this paper, it is aimed at investigating the response of different shape indices to the level
of detail variation in building features depending on scale. For this purpose, five shape indices were used and
evaluated for measuring shape complexity of individual building features at six different scales ranging from 1:1 000 to
1:100 000.
Keywords: Shape analysis, Shape indices, Multi-scale, Cartographic generalisation, Building features

INTRODUCTION
Shape is a significant characteristic that needs to be analysed in order to understand spatial phenomena better (Wentz,
1998). Shape has both geometric and semantic nature. Geometric properties/elements of a spatial feature’s own
geometry and auxiliary geometries are usually employed to quantify the shape while the semantic definition of the
feature is utilised to interpret the shape. Geometric properties/elements include area and perimeter etc., and the auxiliary
geometries include convex hull, minimum bounding rectangle (MBR) etc. while the semantic definition corresponds to
the feature types (classes) which have usually specific shape characteristics. There are many methods for quantifying
shape. Among them, shape indices are widely used in spatial applications. They usually measures a single shape
characteristic of a spatial feature. So, various shape indices are often used to analyse shapes. The performance of the
shape indices is tend to decrease as shape complexity increase (Basaraner and Cetinkaya, 2017).
Spatial features are scale-dependent because different spatial applications usually involve analysing and visualising
spatial phenomena at different levels of detail (Li, 2007; Mackaness et al., 2014). To be specific, as the scale of a spatial
dataset decreases, the level of detail of the feature is reduced. Transitions from larger to smaller scales are performed
with generalization. When dealing with maps, map features are subject to cartographic generalisation during scale
transition. Cartographic generalisation is guided by geographic meaning, i.e. geometric, structural and semantic
characteristics of and relationships among map features, and graphic limits, i.e. minimum discernible sizes of and
distances between map features. In other words, during the transfer of the features from source to target scale, both
aspects have to be taken into account. Extracting geographic meaning involves applying structure recognition
techniques to the spatial dataset used. Spatial structure can be differentiated depending on the analysis level. When it is
at the feature level, it corresponds to the shape of a feature. On the other hand, it corresponds to the relationships among
a group of features belonging to same and/or different feature classes when it is at inter-features level. In this respect,
being a structural characteristic of a feature, shape is a significant characteristic about geographic meaning that needs to
be analysed before, during and after generalisation. Apart from generalization, shape analysis can contribute to scale
inference for volunteered geographic information (VGI) and remotely sensed data.
There are very few studies on scale-based shape analysis. Paszto et al. (2015) use shape metrics originally developed for
landscape ecology to assess their response to the generalised geometries of building footprints. In this context, they
create 22 levels of detail by applying a simplification algorithm to four buildings using different tolerance values. In
their study, there is no connection with map scale and it seems that they experimentally choose the tolerance values.
Touya and Reimer (2015) present a study to assign a scale to individual OpenStreetMap (OSM) features. They use
several parameters such as vertex density, median edge length and smallest edge. However, they do not use any shape
index in their processes. Remaining studies focus solely on shape analysis and they do not make any connection with
scale or level of detail. MacEachren (1985) compares, categorises and evaluates various compactness indices. Medda et
al. (1998) extend Boyce and Clark’s shape index to recognise and classify urban shapes. Wentz (1998) examines the
need for a shape analysis capability in GIS. Zhang and Lu (2004) classify and review significant shape representation
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and description techniques in the literature. Yang et al. (2008) shortly describe and compare shape-based feature
extraction and representation methods. Basaraner and Cetinkaya (2017) investigate the performance of 20 shape indices
and proper shape index-classification scheme pairs to characterise shape complexity of building footprints in GIS.
Among these indices, two of them are new.
There is not enough study that analyses shapes of multi-scale features. Therefore, the aim of this study is to investigate
the response of shape indices to the level of detail variations of spatial features during scale transitions. For this
purpose, five shape indices were selected from the literature and used for measuring shape complexity of individual
building features at six different scales ranging from 1:1 000 (1:1K) to 1:100 000 (1:100K).

METHODOLOGY
This study consists of two main phases: 1) Deriving multi-scale building features through generalisation, 2) Applying
shape indices to quantify the shapes of building features at multiple scales.

Multi-scale building features through generalisation
In the first phase, buildings are simplified with an algorithm specifically designed for buildings which are usually of
rectangular shapes (Wang and Lee, 2000). The simplification tolerance is set according to the graphic limits specific to
buildings (after Basaraner and Selcuk, 2008) (Figure 1). To be specific, the minimum granularity threshold value is
used as the simplification tolerance. In fact, the threshold values about graphic limits are those that have to be satisfied
on a map at target scale, so these values are multiplied with target scale factor to find the parameters that are applied
during simplification because a GIS works with real world coordinates. In this way, graphic limits are converted to the
threshold values about graphic resolution.

Figure 1. Graphic limits of buildings: minimum size of the edge (ℓe), granularity (ℓg), minimum distance (db) and
minimum size (Ab= ℓe2) (adapted from Basaraner and Selcuk, 2008)

Shape analysis of multi-scale building features
In the second phase, shape index values are automatically computed in GIS through scripts. In this context, five shape
indices are used given in Table 1. The geometric properties/elements of the polygon’s own geometry and auxiliary
geometries form the basis of shape index computation. The geometric properties/elements include area, perimeter,
length/distance and coordinates and the polygon’s own geometry and auxiliary geometries include vertices, interpolated
boundary points (IBPs), centroid, radial lines, equal-area circle (EAC), convex hull (CH), minimum bounding rectangle
(MBR), minimum area bounding rectangle (MABR) and equal-area rectangle (EAR). They are illustrated in Figure 2.
These auxiliary geometries are either virtually created or mathematically utilised in formulations. Clearly speaking, it is
not required to crate an EAC and an EAR as it can be seen from the related equations.
The shape indices tested in this study get values approximately between 0 and 1. To be specific, the minimum value is
greater than 0 for all of the indices, while the maximum value is 1 except for Equivalent Rectangular Index (ERI). This
index gets 1.128 for a circle as the maximum value. As shape complexity decreases, the index values increase. For
Roughness Index (RI), extra points are interpolated along the boundary of a polygon (Basaraner and Cetinkaya, 2017).
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Shape complexity of building features mainly depends on (1) the number of the edges, (2) the homogeneity/the
heterogeneity of the angles in the corners, (3) the regularity/the irregularity of the edge lengths, (4) the size and/or the
number of intrusions and/or protrusions along the boundary relative to the size of the polygon, and (5) the
symmetry/asymmetry in the geometry (after Basaraner and Cetinkaya, 2017).
Table 1. Shape indices used in this study (adapted from Basaraner and Cetinkaya, 2017)
SHAPE INDEX

EQUATION

DESCRIPTION

Circularity (CI)

Circularity measures compactness of a shape
by measuring the areal deviation of a polygon
(PN) from its equal-perimeter circle (EPC).

Convexity (CNV)

Convexity measures a polygon’s degree of
being curved inward or outward by
measuring the areal deviation of a polygon
from its convex hull (CH).

Rectangularity (REC)

Rectangularity measures the areal deviation
of a polygon from its minimum area
bounding rectangle (MABR).

Roughness Index (RI)

Roughness Index is used as a measure of
compactness and calculated through the area,
the perimeter and the radial distances (ribp)
between interpolated boundary points and the
centroid (x0,y0) of a polygon. It has two
advantages against the indices based on areaperimeter ratio such as circularity: (1) less
sensitive to the elongation (i.e. the aspect
ratio of a polygon) and (2) more responsive to
the roughness (i.e. intrusions and protrusions
along the boundary of a polygon).

Equivalent Rectangular
Index (ERI)

Equivalent Rectangular Index measures
perimeter deviation of a polygon from its
equivalent (equal-area) rectangle.

Figure 2. A polygon’s own geometry and auxiliary geometries (adapted from Basaraner and Cetinkaya, 2017)
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EXPERIMENTAL STUDY
For the experimental study, 25 building features were selected from a topographic map dataset at 1:1K (Figure 3). In the
generalisation phase, these features were simplified in ArcGIS software according to the graphic limits of multiple
scales. Thus, 1:5K, 1:10K, 1:25K, 1:50K and 1:100K scales were derived from 1:1K. For this purpose, the tolerance
parameters given in Table 2 were used in the simplification process. In this context, if the buildings did not provide the
area threshold, they were enlarged in accordance with cartographic generalisation principles. The resulting geometries
were then interactively postprocessed to eliminate generalisation errors.

Figure 3. Original building features at 1:1K scale
Table 2. Parameters used in the simplification process
Scale
1:1K
1:5K
1:10K
1:25K
1:50K
1:100K

Granularity (m)
0.3
1.5
3
7.5
15
30

Minimum area (m²)
0.25
6.25
25
156.25
625
2500

In the shape analysis phase, the five shape indices were automatically computed in GIS using the original and the
derived datasets. For the Roughness index, the number of interpolated boundary points (IBPs) was set as 300. Scalebased variations of building features and their corresponding shape index values were given in Figure 4.
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RESULTS AND DISCUSSION
Shape indices yielded different values at a specific scale and the ranges of their values also became different (Figure 5).
These values had a tendency to increase across the scales as a response to the simplified geometries of the building
features. The boxplots given in Figure 5 showed that some outliers were produced by some of the indices. These
outliers correspond to the most complex shaped building features. At 1:1K scale, only Roughness Index (RI) produced
two outliers. This stems from its sensitivity to the intrusions and protrusions along a polygon’s geometry. This trend
continued at successive scales except for 1:25K in this index. At 1:50K scale, Convexity (CNV) and Equivalent
Rectangular Index (ERI) were also produced outliers. This showed that the reduction in the level of detail in the
geometries of most building features are more apparent at that scale. Equivalent Rectangular Index (ERI) compared to
Rectangularity (REC) was more sensitive to the intrusions and protrusions. Rectangularity (REC) did not reflect small
changes in the level of detail in some cases. Even, its index values decreased sligthly while the opposite was expected
when the scale was reduced. Circularity (CI) usually responded well to the scale variations. Since the most of the
buildings have rectangular shapes with different elongations at 1:100K scale, the range of the compactness was wider
than the others because it was quite sensitive to the elongated shapes. Furthermore, the shapes were quite simple so the
other indices tended to produce values closer to the upper limits. The ranges of the indices also considerably decreased
at 1:100K scale. This means that the shapes become quite similar as scale decreases. Figure 6 showed the largely
coherent average response of the shape indices to the scale variations. Only Convexity (CNV) differed from the others
at 1:100K since the most of the shapes became convex. Although some scale-dependent patterns can be observed, the
variety in the shape complexity of the building features poses a challenge for scale-based evaluations. In other words,
some buildings have simple shapes and hence they are less affected from the generalisation while some of the others
have quite complex shapes and scale variations make more substantial changes in their geometry and thus in their index
values. The minimum variation in the shape of the features was observed between 1:1K and 1:10K scales. The
maximum variation was observed between 1:50K and 1:100K scales. Roughness Index (RI) seems the most sensitive
index to the scale-based variations. It should be noted that Convexity (CNV) yields one for any convex shape such as
square, rectangle and hexagon, Rectangularity (REC) and Equivalent Rectangular Index (ERI) yield one for square and
rectangle, Circularity (CI) and Roughness Index (RI) yield one for circle. Hence, the value ranges became different
among some of the indices.

Figure 5. Boxplots about scale-based shape index values
Scale-based shape analysis can contribute to generalisation. Before and during generalisation, shape analysis can guide
the generalisation process especially when it is applied in an recursive manner. In other words, best candidate among
many can be decided by utilising from the shape index values along with other criteria. After generalisation, it can assist
in the quality evaluation. One of the other possible applications can be scale inference for volunteered geographic
information and remotely sensed data. Both often present fairly heteregenous levels of detail about the features. Shape
analysis may be used for comparing these kinds of datasets with the authorative datasets to identify their scales. This
can be performed at feature level and/or dataset level.
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Figure 6. Average shape index values depending on scale

CONCLUSION
This study investigated the response of shape indices to the scale variations. In this respect, five shape indices (i.e.
Compactness, Convexity, Rectangularity, Roughness Index and Equivalent Rectangular Index) were used for building
features at six different scales (1:1K, 1:5K, 1:10K, 1:25K, 1:50K and 1:100K) derived through generalisation.
Evaluation of scale-based shape index value changes were given. The shapes of buildings vary from regular and simple
to irregular and complex. The former is higher in numbers while its shape variety is low while the latter is less in
numbers while its shape variety is high. The multitude of the irregular and complex shape types poses a challenge in
terms of the performance of shape indices. Due to this fact, it is not so easy to make a strong connection between the
index values and multi-scale feature geometries. Neverthless, shape analysis shows potential to play a contributing role
for scale-driven problems such as generalisation. For this purpose, various shape indices can be used in a collaborative
manner. Furthermore, analysis of larger datasets might further elucidate their interaction.
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Abstract
Recently, Seoul suffered low employment rate, especially on the young age people. Also, The city hall of Seoul
deregulated the food truck’s restriction. Nevertheless, due to the absence of food trucks location, there was the high
closing rate of food trucks in Seoul. Food trucks have inherent characteristics from the traditional restaurants,
especially about mobility. In this analysis, time periods were divided into three categories following to the people’s
eating habits. Because there were conflicts between existing restaurants and food trucks, considering both
restaurants(competitors) and population(consumers) data is appropriate for this analysis by the multi-objective spatial
optimization. As a result, there were temporal differences between multi-objective spatial optimization results of each
time period. This results showed the spatio-temporal dynamics of Seoul’s food trucks optimal locations.
Keywords: Multi-objective optimization model, Food truck, Greedy adding algorithm, Spatial optimization

INTRODUCTION
Income inequality and social polarization by age have been acknowledged as an important issue in Korea since 2000.
One of the important factors that placed workers of younger age in the poverty status is the expensive housing,
especially in Seoul. The median house price in Seoul was 434,850,000 won (over $400,000 USD) in 2016, which was
similar to New York’s median house price. Especially, the ‘period of availability via savings’ 1 in Seoul is 9.2 years
(Statistics Korea, 2016), which means that young people in Korea have to save more than 20 years to buy their own
house. So more and more young people have tended to live with their parents and cannot establish their own companies
in Seoul. Not only is Seoul the capital city of Korea, but it also has a lot of job opportunities for young people, over
47% of the companies located in the Seoul metropolitan area (Statistics Korea, 2016), so most of the young people want
to live and work in Seoul.
High house prices also affect the rise of rent in the business district. That is the main reason why young people in Korea
cannot start up their own businesses. On the contrary, starting up a food truck does not require many funds for young
people, with the average food truck being about 20,000 USD. It is affordable for the young people who have low
investing power than the average person. The Seoul city hall held a special conference on food truck management and
finding new candidate areas for food trucks. According to the result of the meeting, there were several deregulations on
food trucks.
The first change is moving one spot to another spot in one day is now permitted for food truck workers. Before the
deregulation, food trucks were only permitted to work in the authorized zone and could not move to other zones in one
day. This change enabled food truck workers to open their food truck on the road and move to another place in one day.
The second outcome of the meeting is enacting a set of rules for food truck working zones. After the meeting, city hall
announced that the principles of food truck zoning would consider two factors. They want to find new food truck zones
as “a making high profit but avoiding competition from the existing restaurant market area.” So, in this analysis, using a
multi-objective optimization model for maximizing profits and minimizing conflicts with the existing restaurants will
work for this problem.

1

Period of availability via savings means the term that is needed to buy house with the person’s own income savings
without any expense.
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LITERATURE REVIEW
Multi-objective optimization is based on the Pareto optimal concept that defines the set of solutions that were not
inferior to any other feasible solutions. There were several types of research on the spatial multi-objective optimization.
Cao et al. (2011) used the spatial multi-objective optimization method on the land use part. To make diverse scenarios
and spatial decision support systems, the researchers also applied a genetic algorithm to the land use model. Likewise,
Zielinska et al. (2008) applied the spatial multi-objective method on land use allocation. Kuby et al.(2005) made a
trade-off curve of dam removal scenarios with the multi-objective optimization method. Czyzak and Jaszkiewicz(1998)
developed a simulated annealing algorithm for the metaheuristic method of multi-objective optimization. By using
simulated annealing, the calculation time of Pareto optimal set decreased. However, the above studies are based on the
urban planning aspects. There was almost no study using multi-objective methods on the more micro scale issues both
in terms of spatial and economic considerations.
Food trucks location and allocation issue are not well recognized as a social and academic problem. There were some
studies about the restaurants market area or a food desert concept (Widener et al., 2012; Simons, 1992). Food trucks
shared some characteristics of the regular market and the traveling salesman problem. So this report included consumer
and competitor based analysis based on the spatial distribution of population and restaurants.

DATA AND METHODOLOGY
In this research, four types of attribute data were used, three population data and one restaurant distribution data. Table
1 showed definitions and specific meaning of each data. Three population data represents potential consumers in the
city and the number of restaurants represents the confliction and competition for the food trucks.
Table 1. Data characteristics
Name

Definition and
Meaning

Residential
Population

The number of people
who lives in the cell.

Relative Weights per Time Periods

Year

Weekday 11:01-14:00: 0.2

2015

Weekday 17:01-21:00: 0.3
Weekend 14:01-21:00: 0.4
Employment
-Population

The number of people
who has a job in the
cell.

Weekday 11:01-14:00: 0.5

2015

Weekday 17:01-21:00: 0.3
Weekend 14:01-21:00: 0.3

Floating
Population

The number of people
who walked on the
road in the cell.

Weekday 11:01-14:00: 0.3

2016

Weekday 17:01-21:00: 0.4
Weekend 14:01-21:00: 0.3

Restaurants
Distribution

Restaurants exact
spatial distribution

There was no weight difference between time periods

2017
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To calculate the market area of each food truck, ‘Spatial moving average’ method in low pass filter was applied.
Originally, the objective of low pass filter was smoothing the image by eradicating salt and pepper noise (Jansen, 2005),
but it also converted to the meaning of market area in such facilities. It made different weight factors to each cells
following by distance. These weight factors were visualized in Figure 1. Each P and C represents the population and the
number of restaurants in each cell. The relative weights of this cell formulated with the formula below.

𝑃𝑃𝑖𝑖 =

1
(42𝑃𝑃𝑖𝑖 + 14𝑃𝑃𝑖𝑖+1 + 2𝑃𝑃𝑖𝑖+2 + 𝑃𝑃𝑖𝑖+3 )
36

To study the food trucks optimal location with multi-objective
optimization method, a multi-objective model was formulated:

Figure 1. Spatial moving average model

𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝑍𝑍 = 𝑤𝑤1 𝑍𝑍1 − 𝑤𝑤2 𝑍𝑍2 (1)
3
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𝑎𝑎𝑚𝑚𝑚𝑚 𝑏𝑏𝑛𝑛 𝑃𝑃𝑚𝑚𝑚𝑚𝑚𝑚 𝐼𝐼𝑖𝑖 𝑋𝑋𝑛𝑛𝑛𝑛𝑛𝑛 (2)

𝐶𝐶𝑖𝑖 𝐼𝐼𝑖𝑖 𝑋𝑋𝑛𝑛𝑛𝑛𝑛𝑛 (3)

Subject to:

� � 𝑋𝑋𝑛𝑛𝑛𝑛𝑛𝑛 = 400, ∀t (4)
𝑛𝑛

𝑖𝑖

𝑋𝑋(𝑛𝑛+1)𝑡𝑡𝑡𝑡 ≤ 𝑋𝑋𝑛𝑛𝑛𝑛𝑛𝑛 (5)
𝑃𝑃𝑖𝑖 = 𝑏𝑏

∑𝑛𝑛 𝑋𝑋𝑛𝑛𝑛𝑛𝑛𝑛

𝑃𝑃𝑖𝑖 (6)

𝑋𝑋𝑛𝑛𝑛𝑛𝑛𝑛 = {0, 1}, ∀n, t, i (7)
Where:
Decision variable:

Coefficients:

𝑋𝑋𝑖𝑖 = 1, if the cell i was selected in t period, otherwise 0

𝑎𝑎𝑚𝑚𝑚𝑚 = weight factors for population type m of each t period

𝑏𝑏 𝑛𝑛 = decaying demand factor due to the existing food trucks in the cell i
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𝑃𝑃𝑚𝑚𝑚𝑚𝑚𝑚 = the number of population, type m of t period, in area i
𝐼𝐼𝑖𝑖 = 1, if the cell i touches rothe ad, otherwise 0

𝐶𝐶𝑖𝑖 = the number of lower cost restaurants in the cell i
Objective function of this research is maximizing profit and minimizing competition, represented in formula (1). The
objective function was consisted of two parts that were objective function (2) and objective function (3). The objective
function (2) means maximizing population(P) with population type(m)’s weight factor(a) in each time period(t) and
only the cell touching road can be the feasible options(I). If there were existing food trucks in the cell, the demand of
food trucks will be diminished(b). The objective function (3) is minimizing the competition with existing restaurants
near the cell(C).
There were four constraints in this research. The constraint (4) made upper boundary to the total number of food trucks
in Seoul. It follows the existing number of food trucks in 2017. The second (or third) food truck only can be located in
the cell that already had food trucks (5). It is obvious, but needed in the greedy algorithm. The constraint (6) means the
penalty of demand that if there were existing food trucks. The demand was diminished following to the number of food
trucks in the cell. The final constraint (7) is the binary condition for the decision variable.
In this study, the greedy adding heuristic algorithm was applied to the multi-objective spatial optimization problem.
Although greedy adding algorithm could be stuck in the local optimum, the food truck’s market area is small enough to
be considered as an independent solution, there would be no interruption from the former selected set of solution. The
overall algorithm will follow Figure 2. To acquire a set of Pareto optimal set, comparing 9 weights pairs were done,
from (0.1,0.9) to (0.9, 0.1). Also comparing three time periods reflected temporal aspects of the research. The
optimization process was calculated in R 3.5.0 and also used Arc GIS 10.5 and QGIS 3.0.0.

Figure 2. Research’s algorithm

RESULTS
In the global scale, there were three trade-off curves of each time periods in Figure 3. All of the trade-off curves
represents that if food trucks located in more profitable place, then there would be more competitions with the existing
restaurants. Also, Figure 3 shows that three time periods had different maximized Z values in the graph. Due to the
overlapped area of the high-density population (maximized Z1) and a large number of restaurants concentrated zones, it
tends to decide the relative values of two weight factors. Figure 4 shows overlapped areas of high-density population
and restaurants, an upper circle is Jongro, traditional CBD, and an under circle is Gangnam, new CBD. So, maximizing
profit and minimizing confliction method needed to apply the multi-objective optimization.
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Figure 3. Global scale Pareto optimal sets

Figure 4. Population(left) and restaurants(right) distribution in Seoul
In each time period for local scale, there was a significant change in different weight factors. Figure 5 shows each time
period’s Pareto spatial optimal sets with weight factors (0.1,0.9) and (0.9, 0.1). 0.9 weight factor to potential consumer
index (population data) means that stakeholders put food truck’s profitability as a priority. In the opposite weight set,
the stakeholders put finding niches as a priority objective for them.
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High potential consumer index

High competition index

Weekdays 11:01-14:00

Weekdays 17:01-21:00

Weekend 14:01-21:00

Figure 5. Set of Pareto spatial optimum
All of the spatial optimum had the same tendency of difference in each weight sets. If the stakeholder considered that
preventing penetration of existing market, then they will move out food trucks to the marginalized zone of Seoul. So the
fewer competitions occurred in blue pointed areas. As a result, the stakeholders could find the balanced set of Pareto
optimum set that was not inferior to other sets.
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CONCLUSION
According to this study, there were two implications in both global and local scale. The first thing is that this study
detected the difference between different time periods and weight sets. The graph of each time period and weight set’s
Pareto optimal value, Figure 3, shows the tendency of trade-off curves in food trucks location problem in Seoul. So
spatial optimal locations of the food truck have to be considered with temporal characteristics. The second meaning of
this research is unveiling the exact patterns of difference in the changing of weight factors of each time periods. Even in
the same time period, the optimal locations were marginalized from the CBD in the smaller competition weight
factor(Z2) sets. So it shows the expecting scenarios for food trucks optimal locations with multiple perspectives.
This research has its own values for both food truck workers and stakeholders. And considering temporal characteristic
of the urban area is one of the merits of this research. After this research, transport cost also will be considered between
the optimal locations set between each time period. And the actual pattern and preference of the food truck’s location
and agglomeration effect will be considered both consumer and worker’s perspectives.
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Abstract
The aim of the project was to evaluate the possibility of using spectral indices in the monitoring of the green in part of
the Pardubice region, namely municipality with extended powers Pardubice. Five Landsat datasets were selected in the
time period from 1987 to 2013. The processed data comes from Landsat 5, Landsat 7 and Landsat 8 satellites. Next
three scenes were taken from the Terra satellite MODIS scanner. Images were selected in such a way that the
acquisition dates were approximately the same. Four vegetation indices were compared: ratio index NDVI, SAVI and
MSAVI distance indexes, and orthogonal index GVI. A temporal analysis was carried out for these indices between
1987 and 2013. An unsupervised classification was performed to better interpret the images. Data were classified by
ISODATA algorithm into fifteen classes, which were then aggregated into three classes. A majority filter was used for
smoothening the classified results. NDVI and SAVI values show almost identical results in the area of interest and there
were no significant differences after the classification. MSAVI versus NDVI and SAVI index is less sensitive to capture
of concrete surfaces. The water areas were classified correctly. The GVI vegetation index differs considerably from
NDVI, SAVI and MSAVI indices. After classification, GVI ranked green areas similarly to other indices. However,
agricultural land was largely included in the class of water areas. Therefore, GVI is inappropriate to analyse the green
of areas of interest. The best results are provided by the classified MSAVI. The minimum of concrete surfaces were
assigned into the class of water bodies. At the end of the work, the detection of green changes was calculated. Changes
between 1987 and 2013 were most evident in the southern part of the area. The highest changes in vegetation
identified GVI index.
Keywords: Spectral indices, NDVI, SAVI, MSAVI, GVI, Landsat, Terra, Changes of vegetation

INTRODUCTION
Spectral indices include a set of relatively simple arithmetic operations that work with two or more bands of
multispectral image. A large number of spectral indices are defined. Some are used to enhance the existing indices,
others emphasize another image aspect. Algorithms examining the vegetation component of the landscape are called
vegetation indices. Vegetation indices can also be used to determine quantitative indicators such as the amount of
biomass or differentiation between kinds of vegetation cover, health status of vegetation, crop yields, etc. (Qi, J. et al.,
1991). Spectral indices are used in a variety of applications.
Huete, A., et al., (1999) describe other uses of vegetation indices, for example, for yearly and annual vegetation
monitoring, and they mention other areas too. Research by Pervez, S. et al. (2014) observed and mapped irrigated area
in Afghanistan using the NDVI index derived from the MODIS sensor for fourteen years. Akmar, Che et al. (2009)
describe the mapping and monitoring of mangroves forests and thickets in the peninsula of Malaysia, one of the
most productive ecosystems in the world, realised by the University of Malaysia and the tropical forest center
TropAIR. Several vegetation indices were used for mapping, for example: NDVI, DVI, RVI, PVI and SAVI. The
resulting index values were compared and evaluated among themselves. The Santos-González, C. (2002) study in the
Kakadu National Park deals with the detection of wetlands in northern Australia. Remote Sensing is an invaluable tool
for the inventory of wetlands, which are distant, inaccessible and very extensive. Data from the AVHRR sensor NOAA
was used and the NDVI vegetation index was used for wetland detection. Work Rock, B. N. (2003) describes in
year 2003 completed research of the health status of monocultures spruce on habitats located along the Ore Mountains.
The NDVI index was
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used in the research. Moisture Stress Index (MSI) was used to determine the amount of water in the needles. Wu, J. et
al. (2007) present a study to reveal a corn and potato index using the vegetation index LAI. The LAI index was used to
derive agronomic information for field management and yield prediction in the field of agriculture. High-resolution
multispectral images taken from the QuickBird satellite captured in three growing seasons were used. Among the
selected vegetation indices NDVI, SAVI, MSAVI, TSAVI and PVI, the modified MSAVI (Modified Soil Adjusted
Vegetation Index) was the best choice for estimation of LAI.

Selected Vegetation Indices
Vegetation indices are obviously divided to three main groups. First group of indices is named ratio indices. The indices
are calculated from simple or normalized ratio of surface reflectance in red visible and near infrared part of
electromagnetic spectrum. The representatives of this group are NDVI (Normalized Difference Vegetation Index),
RATIO (Simple Ratio) or TVI (Transformed Vegetation Index). Second group is called distance indices. Indices are
focused on sparse vegetation. The representatives of this group are SAVI (Soil-Adjusted Vegetation Index), MSAVI
(Modified SAVI) or PVI (Perpendicular Vegetation Index). The third group is called orthogonal transformations. The
representative of this group is GVI (Green Vegetation Index). (Qi, J. et al., 1991; Rouse Jr, J., et al. (1974); Huete, A.
R., 1998; Qi, J. et al., (1994); Huete, A. R., Jackson, R. D., 1987)
The chapter is in the next part focused on vegetation indices which are used for monitoring and studying changes of
vegetation in the selected parts of the Pardubice region. Four indices were used: NDVI, SAVI, MSAVI and GVI.
NDVI (Normalized Difference Vegetation Index) is one of the most often used vegetation indices. One of the reason of
frequent utilization is that the index is suitable in various conditions. The index combines images from near infrared and
red (visible) part of electromagnetic spectrum, it is calculated according to the following equation (Rouse Jr, J., et al.,
1974):
NIR = (NIR – R)/(NIR + R)
where NIR = near infrared band and R = red band.
Values of the NDVI are between -1 and 1 (vegetation is between 0.2 and 0.8).
SAVI (Soil-Adjusted Vegetation Index) is used for minimization of soil influence on vegetation signal. SAVI used
special constant L. L is explained like soil factor adjustment. Values of L constant are divide to 3 sections. The first
section, L = 1.0, is a very low vegetation. The middle section (L=0.5) means middle vegetation. The last section,
L=0.25, represents thick vegetation. SAVI is calculated according to the following equation (Huete, A. R., 1998):
SAVI = ((NIR – red)/(NIR + red + L)) * (1 + L)
MSAVI (Modified Soil-Adjusted Vegetation Index) is a modification of the SAVI, which can be used for example for
green height (Huete, A. R., 1998). Difference again SAVI is that L-factor is dynamically adjusted using the image data
(Huete, A. R., 1998; Qi, J. et al., 1994).
MSAVI = ((NIR – red)/(NIR + red + L)) * (1 + L)
L is calculated according to the following equation:
L = 1 – (2 * s (NIR – red) * (NIR – s * RED)/(NIR + red))
where s is the slope of the soil line from a plot of red versus near infrared brightness values.
GVI (Green Vegetation Index) uses all spectral bands and it uses the greenness component of it to show the vegetation.
It is calculated according to the following equation (Eastman. J., 2001):
GVI = - 0.2848 * TM1 - 0.2435 * TM2 - 0.5436*TM3 + 0.7243 * TM4 + 0.0840 * TM5 - 1.1800 * TM7

DATA AND SOFTWARE
All satellite data was downloaded from the geoportal EarthExplorer. Single images were selected so that the data was
approximately from the same time of year. If the stage of the vegetation period was significantly different, it would
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significantly influence the results. The choice of images was also influenced by a cloud cover over the area of interest.
For example, a very high cloud cover of images in 2014 would make further analyses impossible, so a more appropriate
images from 2013 were chosen.
Landsat and Terra datasets were used. Landsat data was the Level 1 Terrain (L1T) data set. Data set contains
radiometric and geometrically correct data. Five Landsat data sets were used in the work, from 1987 to 2013. The
USGS currently offers images of all Landsat 1-8 satellites, except Landsat 6 as a result of its accident. However, the
used data comes only from Landsat 5 and Landsat 7 (acquired before the SLC corrector malfunction) and Landsat 8.
MODIS Terra data was used as a second satellite data source. Although the area of interest of the municipality with
extended powers Pardubice is very small and the scene from MODIS are very wide (2230 km wide, it is situated at the
borders of the scanned scenes. Three scenes, h19v03, h19v04 and h18v03, were used to include the entire territory. The
MODIS images come from 28 July, 2013. They can be compared with Landsat 8 images taken on July 27, 2013. The
data are used with the WGS 1984 UTM Zone 33N coordinate system.
Software ArcGIS for Desktop 10.2 was used for data processing. It is software from the company Enviromental System
Research Information (Esri). The Band Arithmetic function (in the Image Analysis window), which performs arithmetic
operations with the individual bands of the satellite data set, was used to calculate the individual indices. This tool
offers predefined algorithms but there is also the option to enter your own formula. The rasters are processed on-the-fly.

AREA OF INTEREST
The area of interest is administrative unit Pardubice (it is a municipality with extended powers (ORP in the further
text)), which is located in the northwestern part of the Pardubice Region, the Czech Republic. The River Elbe flows
through ORP Pardubice. Elbe forms the main hydrographic axis and dominates the entire territory.

STEPS OF PROCESSING AND RESULTS
Used indices
The NDVI ratio was used at first. This index was chosen because it is one of the most frequently used vegetation
indices. The second used index is SAVI, which belongs to the distance indices as well as the third used one – MSAVI
index. Their purpose is to separate vegetation information from soil information. They are based on the distance of the
examined pixels from the soil line. The fourth used index is GVI, which belongs to the orthogonal indices category. It is
calculated as a linear combination of the original bands of the multispectral image.

Calculation of Indices Based on Terra and Landsat data
The scene by the MODIS sensor did not cover the whole area of interest, so mosaic was created from three scenes.
Images from MODIS Terra have lower informative value compared to Landsat 8 images, because data from MODIS
has a 250 meters spatial resolution. The MODIS data provides only general view on the ORP Pardubice, so no further
analysis has been performed on these images. A sample of the NDVI index obtained from both Landsat 8 and MODIS
Terra are below (see Figure1); Landsat data taken on July 27, 2013 are on the left, data from MODIS Terra, July 28,
2013 are on the right. The reflectance of the vegetation was not affected by the change in the growing season, since the
data are taken with a difference of only one day. When we compare the resulting NDVI values of the both satellites, it
must be kept in the mind that the outputs do not have the same legend. The resulting NDVI for a given pixel should
range from -1 to 1, but in the case of MODIS an interval from -0.2 to 1 is valid. Although the outputs do not have the
same legend, they provide enough detailed result for the general overview.
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Figure 1: NDVI results from images of Landsat 8 and MODIS Terra
The resulting values of all vegetation indices are displayed in grey. A higher value in the wavelength range indicates a
higher reflectivity that is reflected in a lighter degree. E.g. the value -1 for the NDVI index represents the water area, on
the contrary, the value of 1 represents a dense vegetation. High value of green is showed in the northern part of the ORP
Pardubice. Lower values reflect lower reflection. It is visible in the northern part of the ORP Pardubice.
Although the data was taken in the same August months (with exception for years up to 2003 – captured at the end of
July), the index values differ for each image. This is due to spectral reflection of vegetation, which is different during
the growing season. The differences are shown in Figure 2, where the MSAVI index values for all years of interest are
displayed. Images from years 1987, 1994, and 2007 are taken by one satellite – Landsat 5. Other images, from years
2001, and 2013, are taken from different sensors. Landat 5, 7 and 8 have different displacements of the extreme values
of each interval. If a same scale is used for all images, the results may be misinterpreted, and they do not have the
correct significant value. This can be seen is the 2001 image from Landsat 7 in comparison with Landsat 5. Also
Landsat 8 (2013) shows more values placed in the range of 0.2-0.4 than Landsat 5. Using a single scale, dividing values
MSAVI into five classes, the data are visually incomparable. Index values were therefore further classified and postclassified (see Figure 2).
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Figure 2: Comparison of MSAVI index results using uniform legend (for data see the previous text)

Image Classification
The image classification was performed after spectral enhancement. The method of unsupervised classification was
used in the project. This method has a significant advantage in the speed. Four indices have been classified, each for all
five years. The ISODATA algorithm, which is in the Spatial Analyst extension, is located in the Iso Cluster
Unsupervised Classification tool. Using this method, predefined 15 clusters were created, ranked according to the
spectral reflectivity of the objects. The classes were subsequently manually reduced. Thematic information was added
to the three classes: a) forest and grass vegetation, b) water and concrete areas, c) agricultural land.
Although 15 classes were created using unsupervised classification, the ISODATA algorithm assigned water areas and
extensive built-up concrete surfaces into one class (See Figure 3). Concrete runways of Pardubice Regional Airport (a),
an industrial zone (b), the Elbe river, water areas (c, d) are classified too. So, the first class of the classified image is not
limited to water surfaces but it also contains concrete surfaces that have similar spectral characteristics as water.
Classified data contains many isolated pixels. Therefore, post-classification adjustment was performed to remove the
isolated pixels. A majority filter was used for these purposes. The resulting classified raster is smoothed after filtration
and the image becomes clearer.
In addition, a temporary analysis for individual classified indices was done taking into account time period from 1987 to
2013. NDVI was used as the first index. As a result, it has become clear that over the years there has been a decrease of
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size of vegetation areas (See Figure 4). It can be observed on the southern part of the ORP Pardubice, where
urbanization is taking place near the city of Pardubice. The decrease of vegetation predominantly affected dense
vegetation and grasslands. The area of forests has not changed significantly over the years, as is evident, for example, in
the northwest corner of ORP Pardubice. On the contrary, near the town of Pardubice, there was an increase in
agricultural and urbanized areas. Significant conversion of grasslands into agricultural land can be observed from 2007
around the Bohdanečský pond. Water areas have remained mostly unchanged over the years. The exception is the area
of sedimentary tanks in the northeastern part of the administrative unit, which has almost dried out over the years.
From the quantitative expression we can clearly see the loss of vegetation. Since 1987, vegetation has decreased by
8.6 % compared to 2013. Water and concrete areas recorded a large percentage increase in 2001. The reason, however,
is not the actual increase of water or concrete surfaces, but again a different image capture. The image is captured by
Landsat 7 satellite, which has shifted the extreme values of the spectral bands against the TM and OLI sensor. For this
reason, classification included part of agricultural land into the class of water areas.
The SAVI vegetation index is less sensitive to changes in soil reflectance than the NDVI index, but in this study, the
NDVI and SAVI values show almost identical results in the ORP Pardubice. After classification there were not shown
any more significant differences. For the SAVI index, temporal development was also observed.

Figure 3: Image in natural colour (left), classified SAVI index (right) for year 2013
Comparison of the percentage of SAVI index classes with NDVI values reveals that the SAVI index varies by tenths of
a percent, in the year 2013 SAVI is the same as NDVI.
Compared to the NDVI index, the MSAVI index for the monitored area shows a lower sensitivity for capturing concrete
surfaces. It also displays smaller areas of vegetation and its chlorophyll sensitivity is lower than that of the NDVI and
SAVI indices. However, the difference in the range of vegetation areas is tiny.
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Figure 4: Temporal analysis of the classified MSAVI index
The time series of the ORP Pardubice region for the GVI index differ significantly from the NDVI, SAVI and MSAVI
indices. This index classifies similarly vegetation areas as the other indices, but the agricultural land has often been
assigned as very low reflection areas and thus it has been assigned as water areas. The index also shows a larger areas of
vegetation for 1994 compared to other indices.
Figure 5 compares the classification of the four indices used for year 2007. The NDVI and SAVI indices show almost
identical results for ORP Pardubice. The MSAVI vegetation index captures fewer concrete surfaces and keeps water
areas. Therefore, MSAVI is the most appropriate index for vegetation mapping. As it has been mentioned before, the
GVI index differs significantly from other indices. GVI shows fluctuations in individual years compared to other
indices. For this study, the GVI index is the least appropriate one. When the percentage of the vegetation of the
individual indices in the monitored years is compared, it is possible to observe the decreased of vegetation from 1987 to
2007.
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Figure 5: Comparison of classified NDVI, SAVI, GVI and MSAVI indices for year 2007

Analysis of changes using vegetation indices
The Arithmetic function tool was used for detection of changes. This function performs arithmetic operations between
two partially or completely spatially overlapping rasters. The new output grid was calculated as the difference of one
raster from the other one. Thanks to these arithmetic operations, time changes were observed in the landscape. Changes
detection was performed on classified indexes. The resulting values are in the range of -14 to +14. Figure 6 shows the
changes using the NDVI and MSAVI indices. Similarly to the SAVI index, there are no significant differences. Green
values represent a positive increase (interval 4.8 to 14), red values indicate a decrease (interval -14 to -4.7). Yellow
colour indicates minimal landscape change (range -4.6 to 4.7).

Figure 6: Comparison of changes in NDVI (left) index and SAVI index (right), year 2013

449

Proceedings, 7th International Conference on Cartography and GIS, 18-23 June 2018, Sozopol, Bulgaria
ISSN: 1314-0604, Eds: Bandrova T., Konečný M.

When changes of individual indices are compared, between years 1987 and 2013, the NDVI, SAVI and MSAVI indices
are not very different. However, the GVI index provided a higher sensitivity with the Change Detection tool. The GVI
index recorded a higher increase in vegetation than the other three indices.
Thanks to the vegetation indices, differences between years can be observed. When years 1987 to 2013 are compared
(see Figure 7), it is clear that the northern part (a) and southern part (b) of the administrative district are unchanged. In
the marked area (a), there are water areas and surrounding forests. Area (b) is the city of Pardubice, which has remained
almost the same from the point of view of vegetation development since 1987. During closer observation, there is
visible local decrease of the vegetation, but from the overall point of view there is no noticeable decrease or increase of
vegetation areas. In area (e), there was a large decrease in vegetation area. The possible cause is the construction of the
largest crossroads in the country near Opatovice nad Labem. Area (f) shows a forest that has remained unchanged over
the years. In contrast, significant changes in land cover can be observed in the southeast (c) and southwest (d) ORPs.

Figure 7: Changes of SAVI index between 1987 and 2013
A temporal analysis of landscape changes between years was made only for the SAVI index. Between 1989 and 1994,
there is a greater decrease in vegetation than the increase. The opposite trend was observed between 1994 and 2001.
The increase of vegetation is recorded in all administrative units. Over the years 2001 and 2007, vegetation growth was
higher than its decrease, but with a smaller extent than in the previous years 1994 to 2001. The difference between 2001
and 2013 shows overall lower changes in both the decrease and the increase in vegetation. This can be due to a shorter
time interval between these years. In all the years included into analysis, there is a yellow band, stretching from the
south, where the city of Pardubice is situated, to the Bohdanečský pond in the west of the administrative area. The strip
continues to the northeast where the forest stands. In this belt, vegetation is almost constant during all years.

CONCLUSION
The aim of the project was to map the possibility of utilization of spectral indices in the monitoring of the vegetation
and its change in the Pardubice Region. For this work, five Landsat datasets were selected in the timeframe from 1987
to year 2013. Three scenes from the MODIS Terra scanner were also used. In total, four vegetation indices were
compared: the NDVI ratio index, the SAVI and MSAVI distance indices, and the GVI index, which belongs to the
orthogonal transformation. For these indices, a temporal analysis was performed from 1987 to 2013 and changes were
detected. The resulting values of the vegetation indices are shown in grayscale. For better orientation and easier
comparison of the images, an unsupervised classification was subsequently performed. The data were classified using
the ISODATA method into fifteen classes, which were then reduced to three classes. A majority filter was used to
smooth the classified results. The NDVI and SAVI values show almost identical results in the ORP Pardubice and there
were no significant differences after the subsequent classification. The MSAVI is less sensitive to the capture of
concrete surfaces in comparison with the NDVI and SAVI indices but the water areas have been classified correctly.
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The GVI vegetation index differs considerably from the NDVI, SAVI and MSAVI indices. After classifying GVI, it has
assigned vegetation areas similarly to other indices, but the agricultural land has largely been designated as very lowreflecting areas, thus classifying them as a class of water. Therefore, it is inappropriate to analyse the vegetation areas
of the administrative unit.
The best results are reported by MSAVI, which classified the minimum of concrete surfaces into the class of water
bodies. Changes of landscape were detected. Changes between 1987 and 2013 were most evident in the southern part of
the ORP, where land use changed. On the contrary, the northern part of the administrative district and the town of
Pardubice remained almost unchanged during these years in terms of the increase and decrease of greenery. When
changes between indices between 1987 and 2013 were compared, the NDVI, SAVI, and MSAVI indices are very
similar. The GVI index captured higher changes in vegetation growth than the other three indices.
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Abstract
The new technologies allow cartography to change itself in order to meet the demands of new generations of
mapmakers and map users. As a science and practice of making maps, now cartography is more close to everybody
giving chance for tree-dimensional (3D) representation of the real word. The modern techniques allow map-makers to
design photo-realistic maps which are understandable for non professional users. The aim of the paper is to describe
some of cartographical aspects in designing of 3D maps: definition, classification, colour system, symbol system,
legend, projection, scale/ levels of detail, orientation and others. The answer of question what is the difference between
3D model of the real environment and 3D map is done. A 3D map is determined as a digital, mathematical defined,
three-dimensional virtual representation of the Earth, surfaces (e.g. luminous body's), objects and phenomena in nature
and society. Represented objects and phenomena are classified, designed and visualised according to a particular
purpose. On the base of this definition, the theory of symbol system for 3D maps is build and the design and usage of
3D symbols is demonstrated. An example of 3D mapping for needs of sport is presented. The steps which a
cartographer has to go through are presented, as well as the problems he/she meets and needs to solve in creating an
easy-to-use 3D map. The main principles of 3D modeling and its mapping application are touched by describing in
detail the steps of creating the contents of a 3D map and the various applications. There is a brief overview of the wide
range of applications of 3D maps that are becoming more and more popular in the modern world.
Keywords: 3D maps, Photorealistic maps, 3D symbol system, 3D cartography

INTRODUCTION
One of the main roles of cartography is its function of communication. Cartographers should deliver geo-information to
users – specialist, teachers, students, governmental institutions, desision makers and many others by the best way of
understanding and usability. Nowadays, we, cartographers have very big potential using the new technologies to
provide this spatial geo-information by 3D maps, animated maps, mobil maps, virtually represented cartographical
products. Augmented reality and digital globes are also in the area of 3D mapping (Jedlicka K. et al, 2012).
To design 3D maps is still big challenges to cartographers. One of weak aspect in this topic is not well developed
theoretical aspects and lack of standardisation. Haeberling (2002) try to explain why the term “3D maps” is not often
found in the letarature – using perspective 3D view in 2D media. Any way, cartographers need to make every new
cartographical product better than previous one and in the same time to create these still new theoretical acpects of 3D
maps.
This paper try to define and find theoretical base for 3D maps and cartography and using all cartographial aspects to
present a 3D map for needs of sport. The example shows a sport complex in Plovdiv city in Bulgaria.

3D MAPS AND USERS
Definition
The term “3D map” is defined several times by different scientists coming from their point of view:
• “A 3D map is determined as a digital, mathematical defined, three-dimensional virtual representation of the
Earth, surfaces, objects and phenomena in nature and society. Represented objects and phenomena are
classified, designed and visualized according to a particular purpose”, (Bandrova 2001);
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•

“Perspective view representations (as opposed to orthogonal view), are more commonly known as threedimensional or 3D maps, are one such product that can be created, using varied 3D modelling platforms and
software to manage and transform spatial data, to display standard location information and adding the extra
dimension of height (Petrovic, 2003).”
•
“3D map - modern computer-generated perspective view with cartographic content”, (Haeberling 2005);
• The term "3D maps" is used as a computer-generated perspective view of a three-dimensional geo-data model
with cartographic content presented on a two-dimensional media such as a computer display or a paper sheet
(Haeberling 2005).
• “3D map - a generalised representation of a specific area using symbolization to illustrate physical features”,
(Heaberling 2008).
The most of definition used a term “perspective view” of map presentation. We design a 3D map (see Fig. 1a,b) and
show that the view could not be only perspective but also in isometric projection and this one is better when we input a
scale bar in a 3D map. We need special analises and beter definition giving to our users, taking in account all necessary
data for their needs.

Users
Looking at the above mentioned definitions, 3D maps are a special type of maps, portraying 3D data. 3D map, it is
commonly understand a map containing Digital Terrain Model (DTM), 2D data draped on terrain, 3D models of objects
and 3D symbols. The most common use of 3D map is a map of urban areas. Such a map then usually consists of
medium and large scale layers. The 3D models shown at these maps have a lot of different purposes and ways of use.
The 3D models can be used for various 3D analyses, spatial planning, 3D cadaster, Crisis Management and so on, not
only to be presented in a form of 3D map.
A wider range of users, from young students to highly skilled specialists in various sciences and practices have better
understanding due to the realism displayed in 3D mapping (Bandrova, T., 2005). When geographic information is
delivered in 3D in a perspective point of view, it can enhance the users understanding of the spatial relationships
between features by being a more realistic view and more similar to natural landscapes, simplifying the information and
creating a less abstract view of the world than a traditional map (Haeberling, 2004). Also, height information no longer
needs to be derived from contour lines or shading, so there is less confusion for the user trying to decipher the heights
(Buchroithner, 2002 as cited in (Cartwright, W. et al., 2007). Symbols are what differentiate a map from a model,
providing the user with the required information, and according to a survey of 15 Bulgarian firms in the fields of GIS,
geodesy and cartography, are a very important cartographic issue (Zlatanova, S. and Bandrova, T., 1998). This
observation and the lack of formally defined 3D symbol systems lead Bandrova to develop theory for creation of a
symbol system that would standardize similar objects (e.g. street light) across a town, country, region or globally into a
generic 3D cartographic symbol representation (Bandrova, T., 2005).

Classification
3D maps can be done in several different ways, and each way creates a different representation of the landscape, nature
and build areas. 3D maps can be photorealistic, where the landscape is created to match the exact landscape, using
techniques of overlaying ortho-photography over a 3D model and phototexturing of the buildings, or can be
“symbolistic”, where the maps are generalized and symbols are designed to show object locations and information
(Dave Pegg, 2012).
According to data representation, 3D maps can be classified on:
- The real 3D maps are built on a real three-dimensional model. They have the ability for interactive
applications, real-time motion, animations, and more;
- Pseudodimensional 3D maps are perspective deformed two-dimensional maps with mapped images;
- Panoramic Drawings - Artistic Perspective Models. They are beautiful and attractive, but they do not have
mathematical precision and cartographic value. Artistic interpretations are characteristic of them.
According translocation aspect, 3D maps can be classified on:
- Animated 3D maps - based on a real 3D models and 3D maps and static 3D maps.
Animated mapping is the application of animation to the map, adding a time component showing change in some
dimensions. Most often, the change is displayed over time on a highly changed scale (or much faster than real time or
much slower). As animation mapping progresses, the development of guidelines for creating animated maps comes
along. Visual variables such as distance, lightness and shape used for static maps also can be applied here.
However, in 1991, David Di Biase and colleagues developed visual variables unique to the animated maps: duration,
pace of change and order. Duration is a time unit. A frame or scene is displayed that affects the smoothness of the
animation. The shorter one shot, the smoother the animation. The smoothness of the animation is also a function of the
speed of change (Slocum T. et al. 2005). Alan MacEachren adds these visual variables in 1998, including a date (the
time at which the change is initiated), frequency and synchronization (correspondence of 2 or more time series). The
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user can witness changes presented over time while manipulating the view direction, pace, or map parameters
(MacEachren, 1998).
Types of animated maps could be devided on:
• Time maps - show changes over time. Time maps are especially useful for looking at changes occurring at
each stage and analyzing progress gradually over time.There are many spheres in which time animation is
used: display and analysis of geographic models, weather events, climate, prediction of natural disasters and
their results, and other multidimensional data. There are specialized software products to predict natural
disasters, to show through animations in 3D environment the causes and consequences of the disaster.
Animations simulating a disaster for a given area and ways of safe evacuation are done.
• Non-time maps - show changes to other variables other than time. The variable can be a place, a position, a
level of generalization, and so on. It is also used when needed to display two datasets before and after the
transformation that is applied.

Color system
Haeberling (2002) describes colour and brightness of every object in 3D maps with thousands of variations. This is
correct and more over in the past we used only RGB (Red Green Blue) color system for screen presentation of 3D
Maps. Now we can describe also CMYK (Cyan Magenta Yellow Key) color system in case of 3D printing of maps.
More important question is standardisation of colors in specific 3D maps: in case of sport or other topic. There are some
attemts for color standardisations for 3D maps on early warning and crises management. Standardization in coloring for
3D maps is a long process and it could continue in many directions. Every defined color system could be improved to
be more clear and readable for users. The human vision also could be researched in the direction of how people react of
different colors in emergency situations (Konecny M. and Bandrova T., 2006).

Projections
The choice of the projection method is essential for the generation process of 3D maps.
All characteristics and mathematical procedures of the central projection, including parallel projection (cavalier
perspective, isometric view) or intermediary projections (e.g., progressive central perspective), must be considered.
With the choice of the perspective, the computer methods are mostly given. In 3D computer graphics the most
commonly used projections are two types: parallel (axonometric) and perspective (central). When projecting into an
axonometric projection of a 3D object, its individual points are projected onto the plane by a beam of parallel projection
rays and, when projected into a central projection, by beam rays extending from a point corresponding to the position of
the observer's eyes. „The word axonometry means axial measurement. To obtain an axonometric projection of an
object, we attach to the object a spatial, most often rectangular coordinate system. We design the object on the three
coordinate planes. Then we project on the projection plane (in this case the screen) both the object and its projections on
the coordinate planes and the axis of the coordinate system. Thereby we get an axonometric projection of the object”
(Galev, L, 1971).
In the axonometric projections, the horizontal and vertical dimensions are plotted in true length, but deformations exist
in the dimensions that characterize the "depth" of the object. Central projections show deformations in all dimensions of
the object. "The projection method in which an object makes almost the same impression on the eye as the object itself
is the perspective - a special central projection (Galev, L, 1971).
The photo shots that are used in the texture palette for designing the 3D maps are also in central projections. The image
that occurs on the retina of the eye when observing an object in reality is also in a central projection. In perspective
projection, the image makes the same impression on the observer as the object itself if the object is placed so that the
projection plane is between it and the design center (Figure. 1a). But isometric projection is more suitable in
cartographic presentation, showing scale bar in true dementions (Figure. 1b).

Figure 1 a, b. Part of 3D map in perspective projection (a) and isometric projection (b)
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Coordinate systems
The correct choice of coordinates in three-dimensional space is the key to the high precision that can be offered through
each user's 3D map. This is especially important for the exact location of 3D objects and contingency signs to which a
reference point or point of attachment to the map is to be defined. The objects and symbols may be attached to a local
rectangular spatial coordinate system.
In addition to this coordinate system, three-dimensional modeling enables us to use:
• Window coordinate system - In the active window with orthogonal projection, a screen coordinate system is
used, and in an active window with a central projection or perspective a global coordinate system is possible;
• On-Screen Coordinate System - Local Coordinate System in Active Projection Window. Unlike the window,
this system is also found in windows with non-orthogonal projection. Upon activation of some of the
projection windows, the orientation of the coordinate axes in all other windows is changed to match the axis
orientation in the active window of the design direction in each window;
• Parent coordinate system - a local coordinate system using the axis of another individual object associated with
it;
• Network coordinate system - the coordinate system of the active object is a network. If an active network
system is not available, the output coordinate network is used. This network coordinate system, referred to as
the "network", allows for easy orientation in the three dimensional space;
• Selective Coordinate System - System coordinates of any object that is separated on the screen after selecting a
given triad of coordinates.
The results of any transformation of any object or conditional sign depend on what coordinate system will be
implemented, what constraints will be placed on the axes, and what conversion center will be chosen.
Most common symbols in 3D maps are located in a local spatial coordinate system (called by some authors a model
coordinate system). We can assume that the Z axis of this system points vertically upward and corresponds to the notion
of altitude, the X-axis on the right corresponds to the concept of width, and the Y-axis to the observer corresponds to
the term length or depth of the map. When attaching an object, the second type - an intra-local coordinate system can be
used. The origin of this coordinate system is a reference point that can be the geometric center of an object or its
container (the parallelepiped surrounding a given complex object), or lie in the geometric center of the object. The axis
of the coordinate system is parallel to the sides of the container of the object. This type of local coordinate system is
used when an arbitrary space-oriented object has to be moved or rotated around one of its own axes.

Levels of detail
3D maps can be created in several different ways and depending on the levels of detail, this will cause an inconsistent
image, and problems with generalization and symbology can occur. This is made more difficult due to the continuously
changing scale (Bandrova, 2005).
The levels of detail in cartography often reflect not only the enhancement of the detail of the objects, but also the
inclusion of visualization of an entirely new type of data. Due to the complexity of cartographic visualization and the
relativity expressed by differences in consumer needs, a precise level of detail model can not be built, working equally
well for different territories. For example, when creating a three-dimensional model of cartographic terrain, the level of
detail required would be radically different from the urban environment. The levels of detail may also vary depending
on what the map is for.
The levels of detail in 3D mapping should contain information about all significant elements of the medium. Examples
are urban maps that are mostly used for orientation and navigation, meaning that elements facilitating spatial orientation
are also of great importance. Issues that can affect the usefulness of a 3D map are different levels of detail and
abstraction, depth perception and a constantly changing scale. 3D maps can be created in several different ways and
depending on the level of detail, this will cause an inconsistent image, and problems with generalization and symbology
can occur. This is made more difficult due to the continuously changing scale (Bandrova, 2005). Symbols are what
differentiate a map from a model, providing the user with the required information (Zlatanova, S. and Bandrova, T.,
1998).

Generalization
Traditional cartographic generalization does not explore all aspects of generalization in computer graphics, which is a
powerful tool in creating this new kind of cartographic model - 3D maps.
Traditional cartography generalization can be added to:
• automatic generalization;
• dynamic generalization;
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• interactive generalization.
The automatic generalization, as Berlyant writes, appears in the formalized selection, smoothing and filtration of the
image in accordance with certain formal criteria. Smoothing can be used to simplify curved contours when creating
contingency signs or on highly dissected surfaces. The process of automatic generalization is well manageable, but it is
difficult to introduce informal assessments, parameters with content value (Berlyant, А. М., 1996).
We have a dynamic generalization when we use 3D maps to build an animation movie for a given territory, or to track
the evolution of a given space and time phenomenon. Then the image is exalted, we observe the main, time-stable,
typical and long-term tendencies for phenomenon development by introducing velocity as a norm of generalization.
"The principles of generalization are determined by the rate of shifts that have not yet been studied. The difference
between the usual and the fast-moving movie demos is quite different: from 24 to several thousand frames per second"
(Berlyant, 1996). This generalization introduces the time effect into 3D maps or creates 4D maps as many scientists call
them.
Interactive generalization combines traditional mapping generalization with automatic and time generalization.
Interactive intervention again subjectivises the process of overall generalization on 3D maps.
It is clear that the geometric shape of the objects depicted by conditional signs, the representation of their quantitative
and qualitative characteristics as well as the newly introduced dynamic aspects through time or dynamic generalization
will determine the content of each 3D map. Many other autors point attention as well in Web 3D presentation and
visualization (Zlatanova and Tempfli, 2000).

Symbol system
Conditional characters are created to resemble their real equivalents as much as possible. They must be depicted in a
way that makes it easier for the user to read the map and helps him / her to get the information he wants.
The marking system selection must be done carefully so that the symbols can stand out and do not fuse with the main
contents of the map, nor should it mislead the user. Ealrier in 1998, Zlatanova and Bandrova conducted their own
research on the use of symbols in 3D models, determining that symbology was required to add guiding information such
as place names, landmarks and public information (Bandrova, T., 2001). Below are the steps that Bandrova developed.
1) The symbols should be similar to the real objects, which are represented in 3D map.
2) Minimum polygons should be used when a new symbol is built.
3) The symbols should be created in their real dimensions.
4) The symbols are designed for different purposes depending on user's needs.
The steps in creating symbols for 3D maps are distinguished as follows:
1) gathering information about an object (quality and quantity characteristics, images, textures);
2) analyzing information and collecting data about each object;
3) designing symbols by visual and metric analysis and then applying computer graphics techniques;
4) visualizing symbols in the virtual environment;
5) obtaining synthesized information for an object.

Legend
In creating 3D cartographic products, the visualization of objects is of particular importance because they need to be
readily perceived and recognized. Legend in 3D maps is unnecessary because at first sight the user associates the
content and does not need any further clarification. Only when it comes to presenting quantitative information through
3D mapping is the existence of a legend necessary. The scales used for data visualization must be on the map so that
users can read the required information correctly.

Scale
Scale is an extremely important element in any map. It represents the relation of a segment of the map to its actual size.
Increasingly, the 1:1 scale is associated with 3D models and maps. In them the objects are depicted with their real
dimensions so that their appearance and size can be easily changed. By "zoom in" and "zoom out" the user can change
the viewpoint and how remote and small the mapped objects are, which sometimes hinders normal perception because it
is impossible to understand the size of the object at the exact moment of visualization, if it is not marked anywhere.
From a different point of view, displaying objects in their real size and lack of visualization constraints make it easy for
users to easily switch from one scale to another and use the map or model for different applications without the risk of
deterioration in product quality. Haeberling (2002) proposes graphical scale bar or using subtle measuring tools for
scale presentation.
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Zoom in and out on the 3D map
The range of a large image that can be generated in a 3D map is enormous. With the largest increase of a section of the
map or conditional sign, real size details can be seen. However, this can be useful in extremely small cases, e.g. for
more accurate positioning. The screen of the computer will limit us to the dimensions of the map we will handle.
In this case, not only the dimensions of the objects, but also the distances from their reference or reference points to the
center of the scale. In another case, each individual object or symbol can be scaled to its own reference point. Then the
distances between the reference or reference points of the objects and the contingency signs remain unchanged. A third
volume zoom with the same properties may be used in relation to the start of a given coordinate system.
Flat Scale
The principles of this type of scaling are the same as for the bulk. The geometric dimensions of the objects and the
distances between their reference and reference points and the scaling centers are changed but only in directions parallel
to two of the coordinate axes (eg XY, YZ, ZX, etc.). In the third direction, perpendicular to the plane defined by the two
coordinate axes, the dimensions do not change. Such a zoom is convenient when working with one of the plane
visualizations of 3D maps or when designing contingency signs.

Accuracy
The accuracy of the 3D map is not less than that of the source material - 0.2.S mm (Scale) for paper maps, and for
digital models is equal to the accuracy of the measurements. The development of 3D maps and models has been
developing more and more in recent years. There are a number of elements that are fully elucidated in the 2D mapping,
but the corresponding three-dimensional standard has not yet been established. With the addition of a third dimension in
cartographic products, readability is greatly enhanced by the proximity to the natural perception of man and the amount
of rapidly perceived information is increasing.
Accuracy of display of objects and contingency symbols
Designing a 3D Map can subtract the accuracy of output data obtained from digitization, direct measurements, and
satellite imagery. The accuracy of referral of an object may reach 0.1 mm, which accuracy would satisfy users of this
type of map. Attaching objects or contingencies to a 3D map is done by X, Y, Z coordinates in a local coordinate
system, or relative local coordinates x, y, z, relative to a predefined starting point.
The accuracy of using a 3D mapping system can be seen in 3 aspects:
• positional accuracy (referrer accuracy);
• thematic accuracy;
• semantic accuracy.
Positional accuracy is one that refers to the actual location of the object on the ground. It is influenced by:
• accuracy of measurement and data collection;
• 2D map output scale;
• hardware and method of processing the output data;
The accuracy of the thematic information to be displayed on the map depends on: the data used (e.g., statistical data
quality, collection and processing methods), and data transformation (selecting, classifying, and referencing data to
other data).
"The way the map data is symbolized and visualized is part of the thematic accuracy. Data can be displayed on the map
as a basic structure, such as a map showing the population density by area. In reality, however, the calculated density
can be attributed to a part of that area, while another portion does not have the same density" (Sijmons, K., 1995).
Semantic accuracy is the accuracy with which characters define objects. Depending on the purpose and use of the map,
contingency signs must be designed in a way that the user can visualize the objects as they are in reality. The problem
with the semantic accuracy of 2D maps is overcome by 3D modeling methods, which provide an extremely high-level
photorealistic visualization of real-world objects.

3D MAP OR 3D MODEL
It is true that each map is a model of the reality of certain real objects or phenomena, but not every model is a map. The
question of exactly which 3D model is a map should be clearly clarified. The answer to this question lies in the history
of contemporary cartography (Bandrova, 2001a).
3D topographic mapping marks the beginning of this new section of cartography used primarily for military purposes.
K. Temfield has defined it as retrieving information about topographical images of objects or their digital representation
in the form of geometric, semantic and radiometric properties of these objects. Geometry gives shape, dimensions,
location and topology. The location is defined in a three-dimensional cartesian coordinate system (e.g., a top-center).
Topology is described through spatial relationships between objects and their components (Tempfli, K., 1998).
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Professor Michael Goodchild writes about the paradox of modern cartography, exemplifying the flat 2D view of the
world and the deformations that we need to supplement through the perspective views shown in the latest versions of
Microsoft's Atcast Encarta. He notes that the "average" user will work with the digital globe more comfortably and
easily understandable than the digital Mercator projection, "and kids understand this globe more easily than its earlier
projection version" (Goodchild, M. F., 1999).
In the definitions of Professor Berlyant, we find the modern vision of cartography and map and when they are worldrenowned, there will be no point in looking at the 3D map as some kind of new type of cartographic model, as well as
its separate definition. He writes, "cartography is seen as a science of systematic information cartography modeling and
exploration of geosystems, and the map - as a form-signified geo-information model of reality" (Berlyant А. М., 2000).
Here, it can be summed up that the 3D map must be considered as a cartographic model of real reality. The concept of a
3D model only gives guidance in the large classification order of cartographic works about their dimensionality, but
does not define the nature of the map. The real-world 3D model will become a 3D map when it is applied to all
elements of 3D mapping: map accuracy, generalization, symbolization or sign-building, texture, lighting, animation
when needed, etc (Bandrova, 2001a).
With 3D maps, the user can change the properties and purpose of the model in different ways: visualizing with different
character groups, selecting elements and objects to be visualized, zooming, spatial transformations, removing or adding
data, simulating motion in real time, positioning of new objects on the terrain, dynamic analyzes of phenomena and
others. Individual tables of specification, attributes, topologies, photos, sounds can be added to individual objects. The
data need not be equally precise. There is no limit to the size or range of the model, with the only limit being the
hardware resource.This is one of the main disadvantages of 3D maps - the need for a great hardware resource for its
creation. Other drawbacks of the 3D map are great preparatory work in designing and controlling the mutual position of
objects and symbols. Our challenge is to work on standartization of 3D maps similar as some works of standards for 3D
models, e.g. comperative standards for different file formats can be found in Zlatanova et al, 2018.

3D MAP FOR SPORT NEEDS
Technology for designing 3D maps
The technical process of making a 3D map is of utmost importance, as the data entry at all affects the final vision of the
map. All steps are done interactively. In the process of making each cartographic product, users' needs must be taken
into account. Knowledge, experience, and cause of product use (e.g. goals, place, and time) should be considered. At
this stage, the understanding of future users, their needs and the topics that interest them indirectly influence the choice
of the type of the map (Boyanova К. and Bandrova Т., 2013).
A modified version of the technology “From Paper to Virtual Map” (Bandrova, 2001a) is used to create a 3D map of the
Sports Complex "Recreation and Culture", located in the city of Plovdiv, Bulgaria (see Figure 6). The used technology
can be summarized in the following steps given in Figure 2.

Figure 2. Technology for designing 3D maps
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1. Sources and ways of collecting data
Data, depending on its specific content, can be considered as spatial or attribute. Spatial data are in turn vector and
raster.
• Vector data
The set of vector data includes points, lines, and polygons depicting objects on the map. Most often, points are
used to describe specific locations on the ground. Lines are used in linear objects such as roads or boundaries,
while polygons characterize areas such as farmland and lakes. The vector data and vector models differ in that
the component H (height) is present in the models, which gives a three-dimensional image.
• Raster data
The raster is a data structure that is generally a rectangular matrix of individual cells (pixels), i.e., each cell in
the image has a numeric value that contains information. The position pixels occupy in a given array can be
determined by the column number and row. By definition, each cell is a homogeneous unit in terms to its
attributes.
• Attribute data
Attribute data is the aggregate of data that can be used to reflect spatial characteristics of objects. They can be
two types - quantitative and qualitative, quantitative data being used in different statistical analyzes. These data
can be represented visually in graphs and diagrams.
Sources for creating a 3D map can include cadastral maps, other existing plans and maps for the site, geodetic field
measurements, topographic maps, raster images, and more. Three-dimensional modeling is required for site layout both
in plan and elevation (X, Y, Z coordinates). The most commonly used data collection methods are: geodetic,
photogrammetric, space, digitization, scanning and vectoring. The processes involved in converting analogue data into
digital form are performed with different technical means, resulting in the resulting numerical data being different in
terms of mathematical basis, composition, format, encoding, etc. The end result, irrespective of the methods used, is the
spatial position of objects from the Earth's surface.

2. Data processing - Include third coordinates
3. Creating a digital terrain model (DTM)
The existing altitude points on the map are used to reconstruct the surface terrain. It can be visualized in a hypsometric
way or in a photorealistic way.

4. Creating the main content
Main content consists of objects or phenomena that are essential for users. These are large topographic or landscape
objects such as relief forms, also roads, bridges and buildings. Relief is an essential part of 3D maps. An example of
basic content in a sports map are stadiums, halls, playgrounds, stands, comb, medical centers, roads, parking. Objects of
the main content must be visible and clearly distinguishable.

5. Creating the secondary content
Secondary content, which carries the basic information. For example in sport maps – objects such as football goal,
basketball hoop, information signs, trees, etc are represented by symbols (Figure 3). Some objects in rural or urban
environment are more useful to different users. But they are“small objects” and their realistic representation in a 3D
map is very expensive. Though users need toknow that these objects are presented and where they are located.
Therefore, such objects can be represented by symbols. They should be as simple as possible and easily visualized.
Symbol creation is explained in more detail in the next section.
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Figure 3. 3D Symbols used in 3D maps to display secondary content

6. Creating additional content – Preparation of phototextures
The additional content provides qualitative and quantitative information about objects in relation to each of the objects
or the map as a whole. These are all additional annotations and features of objects from the main content such as
textures, written text, etc. (Figure 4). Preparation of the photo-textures is a costly procedure, but it gives 3D maps a
highly realistic representation.

Figure 4.
Different textures used in 3D maps to display additional content

Layout and visualization
•

Matching all elements

•

Selection of projection, scale, scene and range

•

Additional effects (lighting, atmosphere)

•

Rendering

•

Additional treatment of the map with inscriptions, symbols, etc

•

Final product

Symbol system for 3D maps
As for 3D symbol, they are expected to portray real objects and phenomena to navigate and direct the user into the 3D
model as in the real world (Zlatanova S. и Bandrova Т., 1998).

Steps to create a 3D symbol
In the design of symbol system and the classification and systematization of objects, a number of conditions are taken
into account when compiling the maps is considered. These are content, purpose, nature of use, peculiarities of visual
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perception, aesthetic requirements, hardware and software capabilities. Based on these prerequisites, the following
model of the stages of creating a 3D conditional sign for a topographic object can be created (Bandrova Т., 2001):
The steps in creating symbols for 3D maps are shown on Figure 5 and distinguished as follows:
1. gathering information about an object (quality and quantity characteristics, images, textures);
2. analyzing information and collecting data about each object;
3. designing symbols by visual and metric analysis and then applying computer graphics techniques;
4. visualizing symbols in the virtual environment;
5. obtaining synthesized information for an object.

Requirements for the 3D Symbol system
The symbol system must have precise and concise definitions to read and perceive easily. They must be recognizable in
3D maps without legend. They represent much more accurately the real objects or phenomena than that 2D. 3D
characters help users navigate and navigate the 3D model (Bandrova Т., Zlatanova S., Коnecny M., 2012).
The following requirements are complied with when creating the symbol system in the present work:
• The symbols resemble the real objects that are depicted in the 3D map. In the event that objects of the same
species are represented in the real world in different ways, the conditional sign resembles the most common
type or mode;
• The symbols are constructed with the actual dimensions of the objects represented. This is done to ensure the
correct proportion in the visualization of the various map elements;
• Minimum polygons are used when a new symbol is built;
• The symbols are designed for different purposes depending on user's needs.

Figure 6. 3D map of the Sports Complex "Recreation and Culture", located in the city of Plovdiv, Bulgaria

Applications of 3D maps for needs of sport
The created 3D map can be used in many aspects and here we describe several users’ applications. Some of them need
futher development of the map according specific sport needs.
• For a realistic view of the complex;
• For architectural purposes;
• Planning for reconstruction;
• The basis for the elaboration of a disaster evacuation plan;
• Basis of visualization of the distribution of different types of pollutants;
• Can be used in education in schools and universities - multimedia education;
• To attract investors in the area;
• To organize a World Rowing Championship;
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•
•
•
•
•
•
•
•
•
•

To organize a Athletics Championship;
To organize aFootball Championship for children and adolescents;
Planning an Olympic Village to organize the Olympic Games;
Basis of sports simulation;
The basis for planning concerts and festivals in the area of the complex;
The basis of computer games;
The basis of a film project;
As the basis of telecommunication companies;
To Simulate Urban Traffic;
For hiking.

CONCLUSIONS
Making a 3D map is an extremely complex and labor-intensive process. The application of 3D mapping to the needs of
sport gives great results and benefits. The final cartographic product has a rich application and can be of benefit to many
different users. Information is available to specialists, such as engineers and architects, as well as other unqualified
users - the assignors or potential buyers and tenants. The interactivity and real dimensions of the 3D map objects make
the information clear and accessible, close to the natural perceptions of the reality.
The challanges to make 3D maps for sport is still not only gathering data, modeling, design and visualization but to
make them more appropriate and userfunctions for sport needs. In our future works we aim to find more applications for
sport needs using new mwthods of data visualization. But the biggest question will be about standardisation of all
cartographic elements in 3D map.
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Abstract
This contribution focuses on 3D GIS, compares it to the classical 2D GIS: maps analogies and points out differences.
The contribution focuses on all three conceptual approaches (views) to GIS (geographic data-base, cartographic and
analytical).
Talking about fundamental differences, the true 3D data (comparing the 2.5D data) is the crucial change in data
handling (~ capturing, modelling, processing and analyzing) ~ in a geographic data-base. The need of attribute
enrichment of 3D data is stressed to keep the geodata semantic aspect.
From the cartographic point of view, there are various issues, needed to be taken into account: 2D symbolization
methods are not sufficient for 3D, some of them can be used directly, some have to be modified, some new need to be
developed; moreover the traditional 3D method of handling large data ~ a scale dependent map ~ has to be altered to a
solution dealing with the observer position and line of sight.
Last but not least it is obvious that spatial analyses have different results when dealing with 2D or 3D data. Therefore
the differences are highlighted and even current situation of implementation of true 3D analytical tools is provided.
Keywords: 3D, GIS, semantics, process, geodata

INTRODUCTION – (3D) GIS DEFINITION
The introductory chapter of this contribution briefly sum up the history of GIS definitions, focuses on different
approaches on defining the concept of GIS and answers a question if 3D GIS requires a special definition.
Discussions about a GIS definition and categorization of geographic information systems (GIS) exists from the very
beginning of first so called GIS solution appeared. A comprehensive overview of GIS definition was published by
Maguire (1991) and his three distinct but overlapping views of GIS (geographic data base, cartographic, and spatial
analysis) together with elements of GIS [hardware, software, data and “liveware” (later divided to: methods and
people) 1] are still valid.
Even earlier, Burrough (1986) also stated an important GIS definition based on tools and processes: “GIS is a powerful
set of tools for collecting, storing, retrieving at will, transforming and displaying spatial data from the real world”. Even
this definition is still often used, see e.g. a contemporary definition used by USGS 2, ESRI 3 or even Wikipedia 4.
Burrough’s definition describes GIS by its processes making even an (usually) consecutive chain of them. It is obvious
that firstly it is necessary to collect and store the (geo)data; then the data can be transformed/processed, analyzed and
displayed/visualized.
Please note that any of above mentioned definitions (or even their later clones referenced in footnotes) do not mention a
dimension of spatial data. The only reason, why GIS dealt almost exclusively with two dimensional data in the past,
was because of both hardware and software limitations.
Therefore, a concept of “3D GIS” perfectly fits into above mentioned definitions. However, incorporation of the third
dimension to geographic information system has influenced an implementation of all GIS processes, starting in data
collection continuing in data processing and analysis and ending in the presentation of results (such an influence to each
1

https://www.geographyandyou.com/science/technology/five-basics-gis-components/

2

https://www.usgs.gov/faqs/what-a-geographic-information-system-gis

3

https://www.esri.com/en-us/what-is-gis/overview

4

https://en.wikipedia.org/wiki/Geographic_information_system
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process is analyzed four following chapters). Obviously, also the three views of GIS have been influenced (as can be
identified in bullet lists in the chapter Discussion and conclusion).

COLLECTING DATA FOR 3D GIS
This chapter points out changes of existing collection methods or even new methods of data collecting according to
requirements of 3D GIS.

Surveying methods
Naturally, traditional surveying methods do not need a change, similarly to measurements by Global Navigation
Satellite Systems (GNSS) as all of these methods support 3D data collection and can produce three dimensional vector
data.
Talking about methods of remote sensing (incl. photogrammetry), even those methods can reconstruct a 3D shape of
a scanned area of interest using a principle of stereo perception, see e.g. Paine (1976). What is (relatively) new in those
methods is an implementation of automatization of the process of 3D shapes reconstruction by Structure from Motion
(SfM) algorithms whose produce a three dimensional cloud of points or a mesh from overlaying imagery. The SfM
calculates the geometry of the scene, camera positions and orientation automatically without the need to specify a priori,
a network of targets which have known 3-D positions by using a highly redundant, iterative bundle adjustment
procedure, based on a database of features automatically extracted from a set of multiple overlapping images, Westboy
(2012). Both aerial and terrestrial assemblies are used. Aerial systems can be equipped on even on Unmanned Aerial
Vehicles (UAVs), so called drones. A drone based assembly significantly reduces the cost of acquired data.
Next, laser scanning (also called Light Detection and Ranging ~ LiDAR) is a powerful method using laser beam to
acquire a three dimensional point cloud. The principle of laser scanning (see e.g. in Lohani, B. (2008)), consists of
emitting a laser beam and recording of its multiple reflections. This key feature is exploited heavily by airborne
systems, as (after data cleaning process, excluding gross errors) first return is interpreted as a digital surface model – a
representation of top faces of all objects on the terrain (both vegetation and manmade features) or terrain itself in open
areas; the last return is then considered as digital terrain model - representation of terrain relief of bare Earth surface
(without any natural or artificial features), Jedlička (2009).

Methods of 3D shapes modelling
The above mentioned data collection methods produce a raw version of 3D data. It means that such data needs to be
further processed to be stored in data structures enabling further effective use (such as analysis and presentation). A
majority of the collected data can be directly imported in a geographic data base and handled by GIS tools.
However, data with complex 3D information (typically buildings) needs to be processed by a modelling tool to create a
3D model before an import to geographic data base. Typically a Computer Aided Drawing (CAD) software is used for
creating the 3D models, which are then converted to a geographic database. Even there are attempts to offer the
modelling functionality natively by GIS tools 5, the results which can be achieved by those tools are still weak in
comparison to CAD systems.
On the other hand, a detailed 3D modelling process is time consuming even in CAD based systems and therefore a
different approach, called procedural modelling of cities and buildings has been designed (Parish & Müller (2001))
and developed 6. This approach consists of generating a 3D model by applying procedural rules 7, exploiting attributes of
the data (such as number of floors, building height, roof type, or even of number or types of windows, etc.). See details
about using this approach in Tobiáš, Cajthaml, & Krejčí (2017).
Also a combination of both approaches is possible and can be effective, by using CAD models for objects important for
the purpose of the 3D models and procedural modelling to generate the less important objects.
5

A City Engine solution from Esri is the contemporary most developed solution
https://www.esri.com/software/cityengine

6

https://cehelp.esri.com/help/topic/com.procedural.cityengine.help/html/quickstart/overview.html

7

See an example of procedural rule language called CGA:
https://cehelp.esri.com/help/topic/com.procedural.cityengine.help/html/cgareference/cgaindex.html
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DATA STRUCTURES AND STORAGE USED BY 3D GIS
Data structures used by 2D GIS
Talking about two dimensional space, two approaches of the real world representation in digital environment can be
distinguished, Vector and Mosaic. As those representations are used in 3D GIS as well it is worth to mention them
bellow.

Vector representation
Vector representation consists of geometric primitives (points, lines and polygons) which are used for representation
of objects of interests (such as trees, rivers, forests for nature data or e.g. crossroads, streets and buildings for manmade
features).
Point is defined by its X, Y coordinates that determine a location of a described object in the 2D space. A dimension of
point geometric primitive is 0, as nothing can be measured inside the point.
Line is defined by coordinates of its beginning and end (X1, Y1; X2, Y2). A dimension of line equals 1, as a length can
be measured. Polyline is then defined as an ordered list of lines. Line or polyline represents usually a centerline of a
described object 8.
Polygon is then defined as a closed ring of lines (or polylines) and reaches a full dimensionality of 2D space, as an area
can be measured. It is worth to mention a special type of polygon defined by exactly three lines – triangle – as it is used
as construction primitive for triangle based mosaics. Polygon represents an area covered by a described object (a
footprint of the object on the Earth’s surface).

Mosaic representation
Mosaic composed of cells is used for representation of continuous phenomenon (such as terrain shape or ground
temperature coverage). Mosaic can be characterized by a shape of its cells (typically triangular, square or hexagonal) or
by an irregular or regular division of space. The most used mosaics are regular grid 9 with square cells and Triangulated
Irregular Network (TIN).
Mosaic dimension is defined as 2.5D (see e.g. Slocum et al. (2008)), because its third coordinate (e.g. Z) is represented
as a function of planar coordinates X and Y (1).

Z = f (X, Y)

(1)

Using grid mosaic, Z value is stored as a value of a cell and there cannot be two cells with the same planar coordinates
X, Y. TIN stores Z values for each triangle vertex; TIN cannot have two triangle vertices with identical X, Y
coordinates and different Z coordinate because of its creation by two dimensional constrained Delaunay triangulation as
described e.g. in Chew, L. P. (1989) 10. In any case, 2.5D mosaics represent a surface of represented phenomenon.

8

Polyline can also represent borders of an object, however that is not a recommended approach and a polygon should
be used for such an object.

9

Grids are also used for all imagery: photogrammetry, earth observation, textures, etc.

10

Note that from geometrical point of view TIN is constructed as a two-dimensional mesh, see e.g. Bern & Eppstein
(1992).
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Data structures specific for 3D GIS
In fact, all data structures used in 2D space can be easily adopted for use in 3D space as well. A definition of point, line
and polygon (triangle) can be extended by adding a third coordinate (Z). Note that a polygon with 4 and more vertices
defined in 3D space can easily become a non-planar. Polygons are therefore often filled by triangles to be portrayable 11.
Points are often used in large set, so called cloud of points (or point cloud) to represent. Lines have simply the third
coordinate added. Such a 3D line then often represents an edge of adjacent faces represented as 3D Polygons.
Mosaics (grid/TIN) can be used directly, as they already have third coordinate defined.

3D vector structures
3D vector structures are used for representation of objects of interests from real world ~ analogically to 2D vector
structures. But it is important to stress that there exists a difference of digital representation of reality between 2D and
3D space. Geometric primitives (point, line and polygon) can still represent a reference location of a real world object,
the object center line or an area the object covers on the Earth’s surface. But talking about a representation of full 3D
shape of an object of real world, a wireframe, surface (boundary) or volume model come.
A 3D wireframe model is an edge or skeletal representation of a real-world object. 3D wireframe models consist of
points, lines, arcs, circle, and other curves that define the edges (or also center lines) of objects. 12 As the model does not
represent faces of the modelled object, it comes easily to be ambiguous, see more in e.g. Zhengxu (1990).
A model based on representation of both edges and faces of the represented object is called surface model but it can be
also referenced as a boundary representation (B-rep for short), see e.g. Choi (1989). A solid object is represented as a
collection of connected surface elements (edges and faces), describing a boundary between solid and non-solid 13. The
boundaries does not necessarily cover the whole object, and often they do not, e.g. a building is represented just by its
walls and roofs, but no edges of its foundations are modelled.
A Constructive solid geometry (CSG) 14 is a technique producing volumetric models of real world objects. CSG uses
well described mathematical solids (such as cuboids, cylinders, prisms, pyramids, spheres, cones and others) and
Boolean operators to construct a more complex solid models, Foley (1996). CSG is used in CAD systems, but
contemporary 3D GIS packages do not support such a process of volumetric model creation. A usual type of volumetric
model in GIS is a closed surface model. All edges of a closed surface model are adjacent to exactly two faces. A
building modelled by its roofs, walls and foundations is an example of a closed surface model.
It is worth to mention that faces used for representation of an object boundaries are usually modeled as sets of triangles.
Such a data structure corresponds to a triangle mesh in 3D (see section below).

3D Mosaics
There are two more types of mosaics which can be used in 3D GIS: three-dimensional triangle mesh and 3D grid.
Moreover a tetrahedron mesh should be mentioned for a comprehensive overview. But contrariwise to 2D, there is
different usage of these data structures, as explained below.
A Tetrahedron mesh is a volumetric representation composed of (irregular) tetrahedrons. Tetrahedron mesh is created
by a tetrahedralization method, see e.g. Bern & Eppstein (1992) for details. A Mesh of tetrahedrons is not used in 3D
GIS directly, but a 3D mesh of triangles, which can be extracted as a surface of a tetrahedragonalized object is used
widely.
A three-dimensional triangle mesh is a set of consecutive triangles which does not have the Z = f (X, Y) limitation of
triangular irregular network (TIN). A 3D triangle mesh can be computed by a full three-dimensional triangulation
11

Note that making a triangularization of just a polygon boundary vertices is sometimes not a suitable way as a
nonsensical shape can be easily created. Sometimes it makes more sense to fill triangles to the polygon from other data
– e.g. such a surface data from TIN (see more in the chapter about visualization).
12

https://knowledge.autodesk.com/support/autocad/learn-explore/caas/CloudHelp/cloudhelp/2016/ENU/AutoCADCore/files/GUID-84E193D7-A18D-4EE2-B978-19E4AFBCAEEC-htm.html
13

https://en.wikipedia.org/wiki/Boundary_representation

14

https://en.wikipedia.org/wiki/Constructive_solid_geometry
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(tetrahedragonalization) and following extraction of triangles lying on a surface, see e.g. Bern & Eppstein (1992) or
later in Golias & Dutton (1997) for particular methods. However a very common source of a 3D mesh of triangles is a
CAD model, where 2D triangularization was processed for each particular 2D face of the model.
As follows from precedent paragraph, three-dimensional mesh of triangles is still able to describe just a boundary of
phenomenon or an object. However, TIN (or GRID) is used for phenomenon (such as mentioned relief) boundary,
three-dimensional triangle meshes are not used for phenomenon boundary representation. But they are heavily used for
representation of object boundaries in surface model (both non-closed and closed).
As mentioned, 2.5D mosaics can be used to represent a boundary or a level of continuous phenomenon (e.g. TIN used
for representation of Earth surface ~ a boundary of Earth mass; grid used for temperature distribution on certain level
above ground). But these structures cannot portray a 3D phenomenon (Such as e.g. temperature, noise or indoor
navigation spaces) in its complexity. A native data structure for portraying 3D phenomenon is three dimensional grid
composed of cells also called voxels 15. At least some contemporary GIS packages 16 can handle a 3D grid of cells called
voxels. 3D grid can be understand as a three dimensional array and it is so far the only data structure capable to handle
fully three dimensional phenomenon (such as e.g. temperature, noise or indoor navigation spaces) in GIS.

Usage of data structures in 3D GIS
A three dimensional GIS model of an area of interest typically consists or should consist of:
1. At least one digital terrain model, represented by TIN for detailed models or grid for larger areas and when a
lower of DTM detail is acceptable.
2. Most of the geodata are then draped on such a terrain, just taking over the third coordinate from the terrain
model. It is easy for points. But for lines, there is a need to insert new vertices, when a change in direction does
not comes in X, Y plane, but just in Z coordinate. Even more complicated it is for polygons, where a
triangulation has to be extracted from DTM and inserted into the polygon area. Otherwise it can lead to lines or
polygons diving underneath the terrain.
3. Points can be also represented by a full 3D symbol from a predefined symbol library (e.g. trees, city furniture,
etc.). Lines and polygons can be extruded to a specified height to be visualized as planes respectively
volumes. Points, lines and polygons can of course be also placed over or underneath a DTM by specifying
different base heights.
4. Using a combination of above mentioned techniques a quite advanced model can be created even if maximally
the 2.5 dimensional data structures were used. But a true 3D GIS originates, when full 3D data structures are
used. It means an incorporation of 3D data structures (usually for models of manmade objects, such as
buildings, bridges, etc.). As mentioned contemporary GIS struggles with 3D models design and drawing tools.
Therefore 3D models are often created in CAD in a local coordinate system, then converted to a data format
suitable for 3D GIS and referenced to other geographic database by an anchor point, direction of rotation and
a scale.
5. Last but not least – 3D GIS should not resign on spatial data relationship to attribute data typical for GIS in 2D.
Many contemporary 3D GIS scene have been created primarily for visualization purposes and there is a lack of
relationship between 3D data and attributes. Typically a building or even block of buildings is created as
one object, without any further segmentation. Attributes can be then related just to the object as a whole, but
not to its particular parts. This leads to more generic descriptions in attribute domain and a further analysis is
then rationally less detailed precise as well.

PROCESSING AND ANALYSIS IN 3D GIS
3D GIS of course builds on processing and analytical tools of classical GIS. Most of them can be used in
three dimensions as well and it is not a matter of this chapter to describe all of them. This chapter focuses on
describing specifics of some processes when 3D is taken into account.

15

http://wiki.gis.com/wiki/index.php/Voxel

16

See e.g. GRASS GIS: https://grass.osgeo.org/grass64/manuals/raster3dintro.html or
https://3d.bk.tudelft.nl/projects/bigvoxels/
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Processing of data
Full 3D models of objects of interest are created in CAD and have to be referenced into a geographic database managed
in GIS. It means that not all data is manageable in one software (GIS). If there is a need of a 3D model update, it has
to be done in a CAD and then reimported into GIS – this can cause an inconsistency in data. The only present exception
is CityEngine software, which is able to edit 3D models directly in ESRI geodatabase format, where the ordinary geo
data can be stored as well.
Data interoperability in among various GIS data formats is quite good for 2D data structures, but not for 3D data
structures. Suppose that a data format A is capable to handle both 2D and 3D data structures (e.g. shapefile using point,
polyline or polygon; or multipatch). When there is stated that a data format A can be converted to a format B, then such
a conversion can mean that only X,Y coordinates are converted, but Z coordinate is partially or completely lost 17.
Classical GIS packages are able to transform data from one geographic coordinate system to another usually using
a seven-parameter Helmert transformation. As the Helmert transformation is three dimensional, it works well. But a
conversion from orthometric heights to ellipsoidal heights (and vice versa) by a standalone tool, see e.g. Kotsakis,
Christopher. (2008), but implementation to a GIS is still in a development phase 18. Therefore, currently such a
conversion can be done for points but is difficult for lines, polygons or even 3D models.

Analysis of data
Again, many two dimensional analysis still make perfect sense in 3D GIS and many analyses of 2.5D data (such as a
distance analysis taking terrain into account) are well interpretable in 2D space, but can be definitely used in 3D GIS as
well.
Talking about a pure 3D analytical tools in GIS, there can be seen an approach analogous to classical two dimensional
tools. It means that there can be seen general operations, such as Intersect 3D, Union 3D, Inside 3D, Buffer 3D, etc. and
operations supposed to be chained to target a specific geographically focused question, such as e.g. SkyLine, SkyLine
Barrier and Skyline Graph. But whether general or targeted operations are constructed as atomic tools (input –
>operation –> output) whose can be chained to a process solving a particular research question ~ following simply the
same philosophy as analytical tools in usual GIS.
Any detailed description of particular GIS package would become almost instantly obsolete, because of rapid
development in this area. But generally speaking, the most evolved 3D analytical tools can be found is ArcGIS 19.
It is worth to mention that GIS interferes with other domain specific software in 3D domain, such as software for
weather and climatic forecast, floods modelling, noise modelling, signal propagation, etc. A current, well proven
approach is to prepare geographic data in GIS, export them an above domain specific software, run the analysis
externally, import results back and visualize results in GIS. This will probably remain a dominant approach in future
for some of mentioned domains (e.g. meteorology). However for other domains, like e.g. a widely used analysis of
signal propagation, a GIS based solution can evolve as well 20.

VISUALIZATION OF A 3D SCENE
This chapter focuses on matters related purely to GIS. The chapter is not going to describe advanced 3D scene
visualization techniques such as shadow modelling, ray-tracing, etc. (as they belong to computer graphics).
Also a type of display in not addressed in detail. Just to mention in general, having a 3D scene, it can be displayed on:
•

17

Monitor – then it is perspective visualization. A perception of depth emerges by moving the virtual observer
position or line of sight.

https://gis.stackexchange.com/questions/163711/can-qgis-import-multipatch-geometry-type/163721

18

See e.g. https://gis.stackexchange.com/questions/244383/changing-the-vertical-height-from-ellipsoid-to-a-localvertical-crs/244387
19

http://pro.arcgis.com/en/pro-app/tool-reference/3d-analyst/an-overview-of-the-3d-analyst-toolbox.htm,
http://pro.arcgis.com/en/pro-app/tool-reference/3d-analyst/an-overview-of-the-3d-features-toolset.htm
20

http://www.spatialanalysisonline.com/HTML/viewsheds_and_rf_propagation.htm
https://solutions.arcgis.com/telecommunications/help/coverage-maps/
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•

Monitor using passive or active glasses / 3D monitor – a full stereo perception emerges.

•

3D print / hologram – physical/virtual three-dimensional scene emerges.

See experiments with different types of display e.g. in Kubíček et al. (2017).
Coming to GIS related issues. First of all, there exists solutions displaying 2.5 dimensional data and they are
commonly called 3D GIS as well even if they do not support full 3D objects.
Next, there are two different types of coordinate systems used: a Cartesian coordinate system, speaking
geographically – a projected coordinate system, e.g. an UTM Zone. Then all coordinates are in the same units (usually
meters). More challenging is the other type – a geographic coordinate system using latitude and longitude locating both
objects and phenomena on Earth globe, but a metric units for (ellipsoidal or orthometric) height – then different types of
units (angular and metrical) are used for different axes. Such a situation is typical for virtual globes.
Talking about cartography, there are two main approaches to visualize a 3D scene, photorealistic versus
symbolized). Photorealistic approach tends to use real world textures and create an impression as close to real world as
possible. The other approach, consisting of applying a cartographic symbols on the scene, challenges contemporary
cartography, as not all cartographic techniques can be transferred from 2D to 3D. There can be distinguished among
techniques able to apply without a change, techniques needs to be adapted and inapplicable techniques, see more about
in Hájek, Jedlička & Čada (2016, 2018).
And last but not least major issue is that 3D GIS has to deal with large data in a different way than in 2D. Two
dimensional GIS deals with large amount of data by a concept of scale dependent rendering (also called a scale
dependent map) and using pyramiding and generalization techniques. But important thing is that always the whole
thematic layer (or even a map) is represented at one level of detail in one view. When zoom in or out, an appropriate
level of pyramid is depicted. A different approach is needed in 3D - instead of using one zoom level as a threshold for
what and how to visualize, the observer position and line of sight have to be taken into account. Then, objects closer
to observer have to be presented in more detailed way than objects away, no matter if they are from the same layer or
different layers, see the picture below.

DISCUSSION AND CONCULSION
The paper goes through all processes of 3D GIS and points out major differences to 2D implementation of GIS. Main
bottlenecks of contemporary 3D GIS can be summarized as follows:
•

A big part of software packages so called 3D GIS still work maximally with 2.5D data only even when data
structures for 3D representation of real world objects and phenomena exists.

•

3D editing tools are still not sufficient – an editing outside 3D GIS using CAD is usually performed.

•

3D models created are not structured in detail, therefore attribute relation to geometry is not detailed as
well.

•

Data interoperability is sometimes limited to 2D data only.

•

Conversion tools between ellipsoidal and orthometric heights exists mainly for points but no other data
structures.

•

3D scene is sometimes harder to interpret then 2D map (see e.g. Popelka & Dolezalova (2016)) it usually
makes sense for detailed areas, such as a model of a city for maximum, but it is questionable for wider areas
(therefore usually a globe is used when a user zooms out).

•

Full 3D analytical tools just starts to emerge.

As a complete description of 3D GIS would need much more space, the paper sometimes servers as a starting point to
further study. There follows a list of themes worth elaborate further but out of scope of the presented paper:
•

Topology in three dimensions – topological match of 2D geodata and 3D models, topology of 3D models
itself.

•

Building Information Management (BIM) – only a usage of full 3D data structures allows GIS to enter inside
the buildings – the same applies for Indoor maps and navigation.

•

Smart cities – GIS has to find its way to present its efficiency of smart city management, starting from an
evidence of land ownership (see e.g. in van Oosterom (2013) or Janečka et al. (2018)).
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•

Big data – even if the data in (3D) GIS is usually well structured, there is a large of amount of data processed
and specific techniques are needed to communicate the data effectively to the user.

•

Linked data – it is not a 3D specific issue, but GIS has to have learn how to deal not only with well-structured
but also with just semi-structured or even unstructured data, see more e.g. in Čerba (2014) or Čerba et al.
(2016).

•

3D printing – for materializing 3D maps.

•

Time as fourth dimension – as the nature of world is dynamic, time awareness is essential for any geographic
database to its appropriate representation.
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Abstract
The use of touch displays and 3D visualization are both increasing. Devices with touch displays are used daily,
especially by the younger generation, who are also known as digital natives. This paper examines a comparison
between digital natives and adults (so-called digital immigrants). We created a pilot user experiment (within-subject
design, two tasks, Acer LCD touch monitor and digital terrain models textured with satellite images as stimuli) testing
the ability of participants to solve simple spatial tasks by manipulating a 3D environment on a touch screen. The tasks
required a hidden object to be found in the terrain. Our own testing tool, called 3DtouchR, was used for this purpose.
Response time, gestures used, and virtual movements were recorded and analysed. Results revealed that digital natives
were quicker with interaction (shorter response times and average speed of virtual movements). The success of solving
each task was evaluated by determining the distance between the searched object and the virtual camera’s final
position. An analysis of gestures used revealed a higher frequency of pan gesture usage in all test participants.
Keywords: 3D geovisualization, 3DtouchR, 3D Touch Interaction Recorder, human computer interaction, user issues,
touch screen.

INTRODUCTION
Interactive 3D visualizations of geospatial data are employed today in many fields to deal with many issues. These
visualizations are displayed on a wide range of devices, including those controlled via touch screens. Both adults and
children are confronted with 3D visualizations and touch screen devices. Working with them, however, is more natural
for the younger generation, as these “digital natives” (Prensky 2001) have grown up surrounded by digital technologies
and are accustomed to receiving information quickly. By contrast, working with touch screens or digital technologies is
generally not so obvious for adults, who are referred to as “digital immigrants” (Prensky 2001).
Research focusing directly on digital natives (children or adolescents) working with geospatial data is not well
established. As examples, Kubíček et al. (2017), Kramáreková et al. (2016), Schnürer, Sieber and Çöltekin (2015),
Bandrova and Konečný (2014), Svatoňová and Rybanský (2014), or Jokisch, Bartoschek and Schwering (2011) can be
mentioned. We therefore decided to compare how digital natives and digital immigrants work with interactive 3D
geovisualizations on touch screens. The aim was to compare the results and strategies used in this experiment to
describe the differences and also suggest possible optimizations.

RELATED RESEARCH
The usability of 3D geovisualization is an issue that has been analysed from different perspectives by several authors
(Kubíček et al., 2017; Juřík and Šašinka, 2016; McKenzie and Klippel, 2016; Herman and Stachoň, 2016; Schnürer,
Sieber and Çöltekin, 2015; Wilkening and Fabrikant, 2013; Abend et al., 2012; Bleisch, Dykes and Nebiker, 2008), but
relatively little is known about the effects of using interactive techniques, such as touch screen control. User interaction
with 3D visualization of geospatial data via touch screens was therefore examined.
Bleisch, Dykes, and Nebiker (2008) assessed the possibility of 3D geovisualization when comparing the differences
between the reading heights of 2D bar charts and reading those bar charts placed in a 3D environment. Speed and
correctness of answers were measured, but information about the movement data were not recorded and evaluated, even
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though interaction in the 3D environment was enabled. Wilkening and Fabrikant (2013) studied interaction through
observation and manual recording of the movement types (zoom, pan, tilt, and rotation). Špriňarová et al. (2015)
described a mainly qualitative (and to some extent subjective) approach to research in which participants were observed
using similar movement strategies and sequences in a 3D virtual environment, including a terrain model. In all these
cases, an approach called screen logging would have made it possible to determine whether users employed the
interactive capabilities of 3D environments or based their decisions on visualization only. Abend et al. (2012) have also
contributed to analysing interactive navigation by processing videos captured while a user worked with 3D geospatial
data. Subsequent analysis of videos is, however, more demanding than evaluating screen logging data, which can be
analysed more objectively and with full automation. McKenzie and Klippel (2016) dealt with the problem of
wayfinding in a virtual environment and analysed, for example, movement speed recorded via screen logging. Likewise,
Treves, Viterbo and Haklay (2015) tracked and analysed the movement of their participants using virtual trajectory.
Touch screens and user interaction through touch screens is the second area which can be studied. White (2009)
considered touch screens as an interesting solution for pointing, as they unite the input and display to produce a more
natural metaphor of real-world interaction. Marchal et al. (2013) focused on designing an intuitive system of multitouch techniques for interaction with 3D geospatial data. They proposed a system of touch and multi-touch gestures
called Move&Look. The participants in this study compared this system to other techniques. Nurminen and Oulasvirta
(2008) and Jankowski, Hulin, and Hachet (2014) dealt with interaction via the touch screens of mobile devices. Daiber
(2011) presented another specific type of touch interaction. His study looks at interaction with stereoscopically depicted
3D geospatial data. Jokisch, Bartoschek, and Schwering (2011) studied the work done with touch screens according to
the age of the experiment’s participants. They tried to identify the most intuitive gestures when working with a touch
screen variant of the Google Earth application. The most intuitive gesture was found to be rotating the 3D model by
moving one finger on the screen. None of the studies mentioned above used the advantages of the screen logging
method. The most used methods were observation and other subjective methods (e.g., Jokisch, Bartoschek and
Schwering, 2011 – direct observation and think aloud protocols).
Generally, user-friendliness is an important feature of geovisualizations, so it needs to be verified with user testing.
Sometimes usability and other user aspects are also required by legislation (Řezník, 2013). Most of the usability studies
in cartography have used static 3D visualizations (perspective views) as stimuli. If interactivity was possible, it was not
monitored or analysed in detail. Wilkening and Fabrikant (2013), Treves, Viterbo and Haklay (2015), and McKenzie
and Klippel (2016) are exceptions, their approaches being the sources of our inspiration, especially utilization of the
screen logging method. At the same time, we want to improve these approaches and adapt them to touch screens where
screen logging has not been fully employed elsewhere.

EXPERIMENTAL TESTING
A simple within-subject design was chosen for the experiment. The test battery comprised two parts. The first part was
a short questionnaire examining the age group and previous experiences with touch screen devices (smartphones,
tablets). The second part contained two simple spatial tasks. Both tasks required to found an object hidden in the terrain.
See
online
available
video
for
a
detailed
understanding
of
the
experimental
testing
(http://olli.wz.cz/webtest/3dtouchr/visualizations_iccgis2018).

Methods and technologies
An Acer FT240HQL LCD monitor was used as the input device for our experimental testing. This touch screen has a
diagonal size of 23.6” (approx. 60cm) and the experiment was performed with a resolution of 1920 x 1080 pixels. This
monitor was connected to a standard laptop computer (with Windows 10 operating system).
Our own tool, called 3DtouchR (3D Touch Interaction Recorder), was the software used for this experiment. 3DtouchR
is based on open web technologies HTML (Hyper Text Markup Language), PHP (Hypertext Preprocessor), JavaScript
(JS) and JS libraries X3DOM (for 3D interactive visualization) and Hammer.js (for gesture recognition). 3DtouchR is a
special variant of a more general tool called 3DmoveR (3D Movement and Interaction Recorder). The design,
development and functionality of 3DmoveR, including methods for visualization or statistical analysis of user
interaction and virtual movement, are described by Herman and Stachoň (2016) and Herman et al. (2018). In addition,
3DtouchR records interaction via a touch screen such as the gestures used, and in the case of pan gestures (movement of
one finger across the screen), also its direction of movement. The design process (e.g., evaluation of JS libraries for
gesture recognition and selection of the most appropriate) and development of 3DtouchR has been published (Herman
et al., 2016).
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Stimuli
Digital terrain models formed the stimulus material. Terrain models from two neighbouring areas in North America
acquired by SRTM (Shuttle Radar Topography Mission) were used. These data were processed in ArcGIS 10.2, and
concretely in the ArcScene module. Base heights were double the real altitude and the DTM was layered with satellite
images obtained via freely available WMS (Web Mapping Service). Finally, the digital terrain models were exported to
VRML (Virtual Reality Modelling Language) files, converted into X3D files and loaded to 3DtouchR. Objects to be
searched (task 1: windmill, task 2: water tower) were placed manually in the terrains (Fig. 1).

Fig. 1. Stimuli for task 1 (left – initial view) and task 2 (right – final view of participant N02).
The following gestures were differentiated: pan, pinch, tap and press. Pan (one-finger press, move, lift) rotated the 3D
scene (orbiting) and is supported in a variety of technologies; see Herman et al. (2016). Pinch (two-finger press, move
outwards or inwards, lift) zooms in or out. Tap (one-finger short press, lift) and press (one-finger press, wait, lift) were
not required for movement in the 3D scene and were applied either inadvertently or when tapping on the button
“Completed, continue”, which was placed below the 3D scene.

Participants
Participants in this experiment were attendants of the “European Researcher’s Night” at the Department of Geography,
Masaryk University. Only 18 out of 48 participants correctly completed the tests. Each test’s progress was monitored by
direct observation. If the test was handled by more than one person or a person attempted the test for a second time,
these attempts were discarded. People aged 10 to 20 years were considered digital natives. Four males and five females
participated as digital natives. Participants aged 30 to 60 years were considered digital immigrants (5 males and 4
females).
The experimental conditions were equivalent for all participants, including all environmental factors such as noise,
lighting, etc. All participants agreed to the procedure and participated voluntarily and could withdraw from testing at
any time. Their instructions were to complete the spatial tasks by finding the given object and moving as close as
possible to it. They were informed that their performance would be monitored and that they could also quit the
experiment at any time.
As mentioned above, users completed a brief questionnaire in the first part of the test (gender, age group and touch
screen experience). For the question asking how often they worked with touchscreen devices, 5 digital natives answered
“daily”, 2 answered “regularly”, 1 answered “occasionally” and 1 answered “rarely”; 4 digital immigrants answered
“daily”, 2 answered “occasionally”, 2 answered “rarely” and 1 answered “never”. The questionnaire was completed on
the touch screen so that participants were familiarized with the touch screen controls.

RESULTS
Data about touch interaction and the virtual movement were collected using 3DtouchR and then analysed and
visualized. The task solving speed (response time), gestures used and measurements derived from the virtual movement
trajectory were studied.
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Tab. 1. Differences between digital immigrants and digital natives – mean values and standard deviations.
Task 1
Dig. immigrants
mean
Response time [s]

mean

Dig. immigrants

stdv

mean

stdv

Dig. natives
mean

stdv

41.79

47.49

29.74

79.75

33.76

41.15

28.31

2975.96

2156.92

2829.33

1874.06

2762.25

1538.10

2856.87

2174.82

33.53

20.91

67.04

35.06

35.18

12.92

70.27

28.72

47836.53

24690.17

40759.02

27967.51

66671.79

26185.08

45938.85

42828.01

Horizontal (yaw)

1406.49

653.02

1663.54

1519.87

4807.92

6848.30

2451.64

2208.36

Vertical (pitch)

2144.86

963.14

2362.49

1784.29

3185.81

1725.19

2754.12

2262.47

39334.17

23031.38

56118.79

28184.55

54699.63

9205.70

68961.29

27376.86

6.20

5.65

2,51

1.40

3.29

1.66

1.59

0.16

Pan

56.28

33.90

33.04

22.14

61.65

29.09

31.83

22.43

Pinch

21.62

19.80

7.02

7.80

12.88

15.89

6.27

6.65

5.56

4.95

4.78

5.53

4.56

5.46

2.22

4.02

46.46

37.42

48.39

28.12

59.36

39.32

76.83

49.02

Average speed [km/s]
Orthodrome centre angle

Average height of virtual camera [m]
Delay at the beginning of solving a task [s]
Total duration
of individual
gestures [s]

Dig. natives

89.63

Length of virtual trajectory [km]

Total rotation
[°]

stdv

Task 2

Number of collisions with terrain
Distance to searched object at the end of
solving a task [km]

The results showed that digital natives could solve both tasks more quickly (Tab. 1). However, the average lengths of
virtual trajectories were similar for both groups. This indicates a higher average speed of virtual movement for the
digital natives group. For digital natives, a shorter delay was registered before task solving was begun, indicating less
hesitation in using a touch screen. The differences in response time, average virtual speed and length of delay at the
beginning of solving a task are statistically significant (Tab. 2). An interesting difference between the compared groups
is the number of collisions with the terrain (how many times the virtual trajectory crossed the terrain model). Digital
natives had fewer collisions in both tasks. It can be hypothesised that less collision may indicate a more intuitive control
of the 3D scene, however the differences between the compared groups were not statistically significant and
considerable variation existed between individual participants. The differences in other measurements (length of virtual
trajectory, rotation, average height of virtual camera) were also small.
Digital immigrants managed to get closer to the searched objects than the digital natives, so it appears that digital
immigrants may have been more conscientious in terms of fulfilling the assignment, while digital natives were skewed
or unconcentrated when solving tasks and therefore inaccurate. If we convert the success of the approach to a distance
between the searched object and the final position of the virtual camera, this difference is not statistically significant.
This success in solving the tasks can also be analysed qualitatively. The virtual camera’s final position and orientation
can be extracted and adequate depictions of the 3D scene as individual participants can then be seen. The spatial
distribution of these virtual camera positions can be visualized (Fig. 2) or final views can be reconstructed using
interactive tools available online (http://olli.wz.cz/webtest/3dtouchr/visualizations_iccgis2018). Another way of
studying user strategy is to replay the movements of individual participants as animations (screen video). This tool for
playback is also available online (http://olli.wz.cz/webtest/3dtouchr/visualizations_iccgis2018).
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Tab. 2. Results of Mann Whitney test of differences between digital immigrants and digital natives
(significance level α = 0.05).
Task 1
U

Task 2
p

U

p

Response time [s]

15.0

0.0273

14.0

0.0217

Length of virtual trajectory [km]

37.0

0.7911

39.0

0.9296

Average speed [km/s]

12.0

0.0134

11.0

0.0104

Orthodrome centre angle

29.0

0.3314

23.0

0.1333

Horizontal (yaw)

37.0

0.7911

27.0

0.2510

Vertical (pitch)

38.0

0.8598

30.0

0.3772

Average height of virtual camera [m]

23.0

0.1333

28.0

0.2893

Length of delay at the beginning of solving a task [s]

17.0

0.0423

16.0

0.0341

Pan

16.0

0.0341

16.0

0.0341

Pinch

18.0

0.0521

27.0

0.2510

Number of collisions with terrain

35.5

0.6911

31.5

0.4529

Distance to searched object at the end of solving a task [km]

36.0

0.7239

31.0

0.4268

Total rotation [°]

Total duration of
individual gestures [s]

If we focus on touch interaction, the pan and pinch gestures were most often used. Other gestures (press, tap) were used
only marginally (negligible length of use). The differences in the total duration of pan gestures are statistically
significant, but it is closely related to this gesture being used for a longer time (by both groups). If digital immigrants
took significantly longer to solve the tasks than digital natives, then immigrants also used the pan gesture for more time.
However, if we focus on the ratio of the use of pan and pinch gestures, we find that the use of the pan gesture is more
pronounced for digital natives (in both tasks), whereas for digital immigrants, the ratio of gestures is more balanced.

Fig. 2. Final virtual camera positions of individual participants in Task 2.
The directions used with the pan gesture on screen were also analysed (Fig. 3). Only one statistically significant
difference appeared between digital natives and digital immigrants (in the second task), which was to pan right in Task
2 (Mann-Whitney test; significance level α = 0.05; U: 8,0; p: 0,0047). This difference is mainly due to three participants
(I05, I06, I07) using a similar strategy and rotating the terrain in one direction (from left to right) without being able to
find the object for a long time. I05 and I07 did not even come close to it (Fig. 2).
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Fig. 3. Average time spent in individual pan gesture directions.
Generally, most of the digital immigrants (7 out of 9 in Task 1 and 8 in Task 2) had a similar strategy. They turned the
terrain to the left or right (always predominantly in one direction) and sometimes used a pinch. Digital natives were
much more varied with pan gesture direction and therefore, on average, the proportion was more balanced, but they
used the pinch gesture less. Subsequent interviews revealed that the participants lacked the means to drag the terrain.

DISCUSSION AND CONCLUSIONS
The two compared user groups (digital natives and digital immigrants) behaved differently when controlling 3D
geovisualizations via a touch screen. The main differences can be seen in average response time, speed of virtual
movement and length of delay at the beginning of solving a task. A significant difference was also seen in the average
duration of use of the pan gesture, but this is due to it being the most frequently used gesture and therefore related to
response times. The pan gesture was also analysed with respect to its direction on the screen, which also highlighted a
significant difference. Digital immigrants (especially three of them) used significantly more pan towards the right in the
second task. One of the possible explanations could be is that as they were right handed persons and therefore showed a
preference for the direction towards the right. This did not influence any of the digital natives.
Other observed differences were not statistically significant, but they could be addressed in further research (user
testing). This is especially the number of collisions with the terrain model. Digital natives had fewer collisions, which
could indicate more accurate control of the 3D geovisualization. The two compared groups also differed in gesture
strategy. Digital immigrants preferred panning to the left or right, always primarily in one of these directions and
sometimes using pinch, whereas digital natives varied the direction of pan gesture more while using less of the pinch
gesture.
The main limitation of our research and the current version of the 3DtouchR is only being able to support a limited
number of gestures. This will be considered when the following version of 3DtouchR is prepared for the purposes of
other experiments. Although the observed differences between digital natives and digital immigrants were significant,
care must be taken when generalizing the results due to the relatively small number of participants and tasks. The
experiment described in this paper can be considered a preliminary study. Increasing the number of respondents and the
variety of tasks would be possible, inter alia, by remote testing (via the internet). In this case, however, controlled
testing conditions were lost. At the same time, it is also necessary to optimize 3DtouchR to run correctly in other web
browsers, which is crucial for future studies.
Several participants mentioned in the questionnaire that they did not have the means to move the whole terrain (drag)
and change the centre of the terrain’s rotation (orbiting centre). It would be therefore convenient to implement this
possibility for more convenient control of interactive 3D geovisualizations with touch screens. A suitable gesture for
this purpose could be, for example, the movement of three fingers on the touch screen. The need to add this type of
movement (gesture) may be related to the type of task (“object search”) and to the relatively large spatial extent or
severity of the terrains used as stimuli. In our previous study (Herman et al., 2016), only similar gestures were
supported, but smaller terrain models and other task types (“visibility of objects from mountain peaks”) were used and
none of the participants mentioned the lack of ability to drag the terrain. It is clear that the support of different gestures
differs according to the specific technology used for 3D geovisualizations, as the previous analysis shows (Herman et
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al., 2016). Nevertheless, the meaning of certain gestures follow some routines, despite the connections between gestures
and actions still not having been standardized, especially in the case of more complex gestures. Therefore, we firmly
believe that in 3D geovisualizations where touch control is expected, it is necessary to supply a description of supported
gestures and respective actions. We also think that for interactive 3D geovisualization generally, it is advisable to use
navigation aids such as overview 2D maps, artificial horizons or a north arrow (the use of some navigation aids is
described, for example, by Herman and Řezník, 2015). Our results are relevant for example for deploying interactive
3D geovisualizations on tablets or other touch screen devices in the field of crisis management, geography education or
landscape management.
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Abstract
Traditional cartographic principles (such as a map composition, a symbolization, etc.) have been known for decades
so far. Thanks to the evolution of ICT and cartographic products as well, so called (virtual) 3D maps are currently
in the forefront of interest for both professionals and general public. This contribution is focused on a proposal
of an evaluation of symbolization techniques (as one of traditional cartographic principles) used for virtual 3D maps
of urban areas. It tents to investigate, which kinds of principles are still valid for 3D objects displayed within
a 3D scene using a monitor, which need to be altered and which need to be newly defined. The evaluation itself is
proposed to be done based on an online questionnaire. That questionnaire should be composed mainly of interactive 3D
web scenes, complemented with related 2D representations of the same situation. These 3D and 2D representations
serve as a background for representative tasks and questions to be answered by participants. The chosen tasks are
based on dealing with principles used for visual variables, map symbols, means of map representation
and on a dimensionality of displayed data. The results of the online questionnaire (answers of the tasks) are gathered,
compiled and evaluated to provide a report of the examined cartographic principles describing their usability
in the field of virtual 3D maps of urban areas. The paper’s aim is to boost a discussion based on presented preliminary
results describing which cartographic principles apply for the virtual 3D maps of urban areas seamlessly and which
have to be adapted.
Keywords: Proposal, cartography, experiment, virtual 3D map, urban area

INTRODUCTION
Representation of real objects in their native (three-dimensional) form using ICT is very popular these days. This trend
is presented even in the field of cartography and cartographic products, because 3D objects are presented on maps more
often than ever. Thus this contribution tends to present a cartographic product called a virtual 3D map of urban areas as
an example of maps showing 3D objects natively. This map is a digital map presenting geographic and thematic
features of an urban area (such as DTM, buildings, transport infrastructure, vegetation and so on) in a virtual 3D scene
using a monitor.
A definition, a concept of such maps and a workflow for a creation of virtual 3D maps are not stated comprehensively
yet, even though the International Cartographic Association is aware of “increasing influence … of new technology
on map production and use”, ICA (2011). The Strategic plan for the ICA 2011 - 2019 (see ICA (2011)) states, among
others, one threat which is “definitions may be dated and open to different interpretations”. This paper is based on such
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an idea. Thus this contribution continues with a proposal of a definition and of concepts applicable to virtual 3D map
of urban areas. Concepts consist of approaches how to create a map and what to choose to be as a content of a map,
rules of interactivity with the virtual 3D map and principles of cartographic representations used for the map as well as
represented features. These concepts are built on traditional cartographic concepts for (digital) 2D maps.
After that, some of the above mentioned concepts and approaches are selected and investigated using an online
questionnaire. That questionnaire consists of 2D pictures and interactive 3D web scenes showing the same objects.
Such representations are used for solving representative tasks. On the base of such pictures and 3D scenes, questions
of the questionnaire are answered by participants.
The benefits of this contribution are in a clarification of a definition of the term “virtual 3D map (of urban areas)”,
in a presentation of some specific, but not only cartographic principles suitable for such maps and in opening
of investigation and discussion about differences between 2D and 3D representations of specific geographical data.

A BRIEF OVERVIEW OF VIRTUAL 3D MAPS
Contributions such as Kraak (1988), Bandrova (2001, 2005), ICA (2003), Moellering (2007), Häberling et al. (2008),
and Petrovič (2003) were dealing with definitions and characterization of 3D maps. Based on the mentioned papers,
a virtual 3D map can be briefly defined as a “virtual 3D interactive cartographic representation of geographical features
and phenomena”. Unlike the papers of authors mentioned above, the prefix “virtual” was added to the term “3D map”
for the purposes of this paper to point out that this kind of a map is visible, but not tangible. The steps of designing such
a virtual 3D map are described in Häberling et al. (2008) or Hájek et al. (2016).
Huge advantages of such virtual 3D maps are in an opportunity to display another dimension (1D/2D/3D models
or symbols of objects can be presented via such a map), in a natively presented interactivity of changing a view
of a user on the displayed 3D scene and in representing world in a more familiar way. Disadvantages can be seen
in a possible information overload of a user (graphical map load), in an amount of data to be transferred/load
for displaying a virtual 3D map (due to complex 3D objects presented) and in an eventual loss of perceiving
a location/position of a user in a map due to the freedom of movement in a 3D scene.

Specifics of virtual 3D map of urban areas
Virtual 3D maps of urban areas are specific due to the displayed objects (features represented in urban areas,
i.e. the content of the map) and the extent of the shown territory (smaller area, i.e. analogy to large or medium-scale
maps). Bandrova (2001) or Biljecki et al. (2015) use a term “3D city map” to represent thought-like cartographic
product as well. But virtual 3D maps of urban areas are not limited only to show cities understood as large human
settlements.
The content of such maps, i.e. what is shown on them, can be described according to the categories stated
in Bandrova (2005), such as “main content (terrain, roads, buildings), secondary content (city furniture, vegetation,
information and other signs) and additional content (qualitative and quantitative information about objects).” More
branched list of the displayed objects on the virtual 3D maps of urban areas is described in OGC (2012) within
the definition of CityGML standard.
Regarding the mentioned content of the virtual 3D map of urban areas, the cartographic representation of the content
(i.e. showed features) is also a specific issue for this kind of maps. Concepts of classic cartography are obviously still
valid for virtual 3D maps, because the virtual 3D map is a subcategory of maps. Therefore cartographic principles such
as graphical/visual variables (see Bertin (1983), MacEachren & Kraak (2001) or Halik (2012)) or ways of creation of
maps and cartographic symbols (see Robinson et al. (1995), Slocum et al. (2010) or Kraak & Ormeling (2011)) must be
used for virtual 3D maps as well. Selected cartographic principles for virtual 3D maps of urban areas are in more detail
way described in Hájek et al. (2016). The particular topic regarding a design of cartographic 3D symbols of objects
displayed on virtual 3D maps of urban areas is also specific for such maps and it is described further.
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Cartographic principles for virtual 3D maps of urban areas
Based on the sorting of objects listed in the previous chapter, as well as on the research in Bandrova (2005),
Petrovič & Mašera (2005) or Jedlička et al. (2012), four main categories were chosen as the most representing objects
of urban areas’ landscape: buildings, roads, vegetation and city furniture.
A comprehensive research on suitable cartographic principles used for representations of such objects on virtual
3D maps of urban areas was done, see e.g. Hájek et al. (2016). A few of the outcomes from Hájek et al. (2016) are
mentioned in the bullets list below. Some of the outcomes tends to be evaluated via experiments, which are proposed
and described in the next chapter.
Selection of outcomes from the above mentioned paper is as follows:
•

Symbols located by point/line/polygon have not only their 0D/1D/2D representations, but also 2,5D and 3D
as well;

•

Interactivity is the key attribute of virtual 3D maps due to free view on the displayed objects in the virtual 3D
map resolving occlusion culling (obscuring objects);

•

But due to interactivity, the dimensions of displayed objects can vary, e.g. when a 2D polygon is displayed as
a 1D line in a certain view angle. That means values of visual variables used for cartographic representation
of objects in the map can be altered, such as shape, size, orientation, resolution or perspective height (for the
list of visual variables see Halik (2012));

•

The influence of atmospheric phenomena (if they are presented in the map during the phase of its visualization)
is considerable and it changes values of visual variables, such as lightness or saturation;

•

3D representation of objects is more complex (from a data size point of view), but more native for the user
(from a recognition of objects point of view).

METHODOLOGY
Research methods used for investigating symbolization techniques suitable for virtual 3D maps of urban areas are
described in this chapter. There are stated conditions to be fulfilled by such a research, which are profound for obtaining
desirable data from respondents of the research.
To introduce research methods, Rohrer (2014) offers very comprehensive overview of instructions for using different
User-Experience Research Methods (UERM). Figure 1 below describes a framework for the UERMs based
on attributes of a research: attitudinal vs. behavioral (subjective vs. objective), qualitative vs. quantitative and division
of the research based on a context of use of such a research.

Figure 1. An overview of User-Experience Research Methods (source: Rohrer (2014)).
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The key question for this chapter is: “What kind of research methods to use to get as many information from
respondents of the research as possible in a short period of time?”. In other words, what kind of research methods
proposed in Fig. 1 to choose to fulfill following conditions:
1. Reach as many respondents as possible;
2. Get as many information from respondents as possible;
3. Use a research method which doesn’t take a long time to go through for a respondent;
4. Allow to respondent to take a part of the research anytime he/she wants;
5. Allow researcher not to interfere with ongoing research, i.e. no need to actively interfere into the ongoing
research;
6. The research enables comparing between 2D and 3D representations of objects.
Assembling the conditions above with the context of research methods in Fig. 1 resolves in the following outcome.
The chosen research should be both qualitative (get a certain commentary from respondents) and quantitative (to be able
to quantify the answers of the respondents), subjective (based on the experiences of respondents) and objective
(have a quantifying variables for statistical evaluation of answers) and of course easy to promote, i.e. using web
technologies to allow higher amount of respondents to participate, without a need to take respondents to a lab.
According to the list of research methods in Rohrer (2014) the combination of Unmoderated UX Studies, Desirability
Studies and Customer Feedback fulfill the conditions above.
The research itself is based on a comparative case study described in detail in Goodrik (2014). That says: “Comparative
case studies may be selected when … there is a need to understand and explain how features within the context
influence the success of programme or initiatives. Comparative case studies involve the analysis and synthesis of the
similarities, differences and patterns across two or more cases that share a common focus or goal.”
That means the executed research is based on a comparison of 2D and 3D representations of objects used for acquiring
outcomes, which going to be profound information for an investigation, which kinds of cartographic principles are still
valid for 3D objects displayed within a virtual 3D scene using a monitor. The description of the particular research is
described in the following chapter.

RESEARCH
The combination of research methods fulfilling certain conditions was proposed in the previous chapter. This chapter
tends to state research questions for the comparative study dealing with comparing 2D and 3D representations of objects
on maps.
Key evaluation questions (KEQ) defined within the comparative study are based on comparing 2D and 3D
representations of objects, on used cartographic principles for 3D representations of such objects respectively.
The KEQs defined for such a comparative study are as follows:
1. What cartographic principles are applicable for 3D representations without modifying?
2. What cartographic principles are applicable for 3D representations with modifying?
3. What cartographic principles are specific for 3D representations?
4. Is there any relation between principles for 3D representations of objects on virtual 3D maps?
The key evaluation questions stated above are suitable for the comparative study itself. Moreover they serve
as rudiments for research questions (RQ) regarding virtual 3D maps in more general way. The research questions are
defined as follows:
A. Are there any tasks which are solved more simply using a 2D map or 3D form of a map?
B. Are the symbolic representations of objects as they are used on traditional 2D maps suitable for using within virtual
3D maps?
C. What kind of representations of objects are suitable for virtual 3D maps regarding dimension of such
representations (0D/1D/2D/3D)?
D. Are there any alternatives of a legend for virtual 3D maps?
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The list of such research questions can be extended rapidly, the above stated RQs is just a sample of them. Nevertheless
the next chapter tries to propose experiments, which could be eligible as a source of knowledge for answering the RQs.

A proposal of experiments
To answer research questions mentioned in the previous chapter, concrete experiments should be proposed. A frame
of such experiments used within the comparative study is described in this chapter.
Several conditions for proposed experiments were stated in the Methodology chapter. This chapter describes
a particular implementation of experiments, which serve as a background for fulfilling the mentioned conditions
and answering research questions. The experiments are incorporated into an online questionnaire, which is used
for delivering the experiments to respondents via web browser. The responses of respondents from this questionnaire
serve as a source for the comparative study, which deals with comparing 2D and 3D representations of objects on maps
from cartographic point of view.
The created tool for such a study combines an online questionnaire together with experiments based on showing 2D and
3D representations of same objects separately. This tool is based on one, which was created by RNDr. Lukáš Herman
(© 2016 - 2018 Lukáš Herman, Masaryk University in Brno, Faculty of Science, Department of Geography;
http://olli.wz.cz/webtest). This tool was used or described by the creator for example in Herman & Řezník (2015),
or Herman & Stachoň (2016). Technologies used for creating such a tool are:
•

HyperText Markup Language (HTML) for creation of web pages;

•

JavaScript, which is an interpreted programming language for web pages;

•

Hypertext Preprocessor (PHP), which is a server-side scripting language designed also for web development;

•

X3DOM library, which is based on JavaScript and enables embedding virtual 3D models in X3D data format
directly into a web page.

The above mentioned technologies were used for implementing the online questionnaire and experiments into web
pages. An example of a web page showing a 3D part of an experiment is in Fig. 2 on the next page. Description
of particular parts of the web page depicted in Fig. 2 (each part is framed with a rectangle of different color) is
in the bullets list below:
•

Blue part - Title and a topic of an experiment;

•

Green part - question for a respondent;

•

Yellow part - the key part of the web page showing either 2D or 3D representation of same objects. Each
experiment has two variations, the first showing a 2D representation of objects as a static picture and the
second showing a 3D representation of the same objects within an interactive virtual 3D scene;

•

Red part - proposed answers for the question asked;

•

Magenta part - save and continue button.

The particular situation in Fig. 2 shows an experiment titled as “Experiment A” dealing with a topic of finding
a particular type of buildings, showing a 3D representation of displayed objects.
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Figure 2. An example showing a structure of a web page for a 3D variation of an experiment.
Another proposed experiment deals with a potential advantage of 3D representation of objects, especially with
a decision about visibility between certain locations on a map represented as yellow dots (2D) or spheres (3D).
An example of that experiment is depicted in Fig. 3 on the next page. Upper part of this figure shows the 2D version,
the lower part shows the 3D version of the experiment.
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Figure 3. Examples for 2D and 3D versions of an experiment dealing with visibility.
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PRELIMINARY RESULTS AND FUTURE PLANS
The selected cartographic principles mentioned in chapter Cartographic principles for virtual 3D maps of urban areas
are going to be evaluated via the online questionnaire. Several experiments will be prepared, each regarding to
a specific cartographic principle transferred to virtual 3D maps, such as possible representations of point, linear,
polygonal or three dimensional symbols. The experiments will display objects presented on a virtual 3D maps of urban
areas as a particular example of using such principles within a concrete topic of a virtual 3D map. Based on results
of statistical and empirical evaluation of such experiments (i.e. correctness of respondents’ responses, time of responses,
screen logging of camera movement within a virtual 3D scene and commentaries of respondents), the KEQs
and the RQs are going to be answered. That means an analysis of used cartographic principles applied for 3D
representations will be done, i.e. which principles can be used for a 3D representations of objects within the virtual 3D
maps, which have to be adopted and which are specific for 3D representations.
The preliminary results imply that the vast majority of traditional cartographic principles can be applied to the virtual
3D maps of urban areas seamlessly, minority has to be adapted and some principles, which are specific
for the environment of virtual 3D maps need to be stated. Another outcome of the preliminary results speaks about
the fact, that using the 3D representations of objects within the virtual 3D maps are not always better for task solving,
than using 2D representations of objects on the traditional 2D maps for solving the same tasks.

CONCLUSION
This paper presented a proposal of experiments for evaluation of cartographic principles on a particular example
of virtual 3D maps showing urban areas. At the beginning of this paper a brief overview of virtual 3D maps was
described, including advantages and disadvantages of such maps. It was followed by specifics of virtual 3D maps
of urban areas, as an example of use of virtual 3D maps for a particular topic. Especially a definition and a content
of such maps was described there, together with some outcomes from a research on cartographic principles suitable
for virtual 3D maps of urban area done in Hájek et al. (2016). Some of such cartographic principles tends to be
evaluated using a research method, which was depicted in the chapter regarding methodology. A comparative study
for a comparison of 2D and 3D representations of objects was chosen to be deployed as an instrument for investigation
of applying cartographic principles on virtual 3D maps. The chapter about the research itself followed, including
definitions of key evaluation questions for the comparative study dealing with questions about usability of traditional
cartographic principles for virtual 3D maps and research questions dealing with general properties of maps, which can
be answered based on outcomes from answering key evaluation questions. Preliminary results of the research and future
plans about particular experiments for deploying were covered in the last chapter of this paper.

REFERENCES
Bandrova (2001) Designing of Symbol System for 3D City Maps. In Proceedings of the 20th International Cartographic Conference,
Beijing, Vol. 2, pp. 1002-1010, ICA, Beijing, China.
Bandrova (2005) Innovative Technology of the Creation of 3D Maps. In Data Science Journal, Volume 4, 31 August 2005.
Bertin, J. (1983) Semiology of Graphics: Diagrams, Networks, Maps (1st ed). ESRI Press, California, USA, ISBN 978-1589482616.
Biljecki, F., Stoter, J., Ledoux, H., Zlatanova, S., Çöltekin, A. (2015). Applications of 3D City Models: State of the Art Review.
In ISPRS International Journal of Geo-Information, 4(4), 2842-2889. doi:10.3390/ijgi4042842.
Goodrick, D. (2014) Comparative Case Studies, Methodological Briefs – Impact Evaluation No. 9, UNICEF, Office for Research.
Available at <http://devinfolive.info/impact_evaluation/ie/img/downloads/Comparative_Case_Studies_ENG.pdf>, [cit. 2017-04-12].
Häberling, Ch., Bär, H., Hurni, L. (2008) Proposed Cartographic Design Principles for 3D Maps: A Contribution to an Extended
Cartographic Theory. Cartographica 43 (3): 175-188.
Hájek, P., Jedlička, K., Čada, V. (2016) Principles of Cartographic Design for 3D Maps – Focused on Urban Areas, 6th International
Conference on Cartography and GIS 2016 Proceedings, Vol. 1 and Vol. 2. Sofia, Bulgaria: Bulgarian Cartographic Association,
2016. s. 297-307, ISSN: 1314-0604.
Halik, L. (2012) The analysis of visual variables for use in the cartographic design of point symbols for mobile Augmented Reality
applications. Geodesy and Cartography, 61(1): 19–30. doi:10.2478/v10277-012-0019-4.
Herman, L., Řezník, T. (2015) 3D web visualization of environmental information - Integration of heterogeneous data sources when
providing navigation and interaction, In International Archives of the Photogrammetry, Remote Sensing and Spatial Information
Sciences - ISPRS Archives 40(3W3), pp. 479-485.

488

Proceedings, 7th International Conference on Cartography and GIS, 18-23 June 2018, Sozopol, Bulgaria
ISSN: 1314-0604, Eds: Bandrova T., Konečný M.

Herman, L., Stachoň, Z. (2016) Comparison for User Performance with Interactive and Static 3D Visualization – Pilot Study, In The
International Archives of the Photogrammetry, Remote Sensing and Spatial Information Sciences, Volume XLI-B2, 2016 XXIII
ISPRS Congress, 12–19 July 2016, Prague, Czech Republic.
ICA (2003) A Strategic Plan for the International Cartographic Association 2003-2011 As adopted by the ICA General Assembly
2003-08-16. Available at <http://icaci.org/files/documents/reference_docs/ICA_Strategic_Plan_2003-2011.pdf>, [cit. 2017-10-03]
ICA (2011) A Strategic Plan for the International Cartographic Association 2011-2019.
<https://icaci.org/files/documents/reference_docs/ICA_Strategic_Plan_2011-2019.pdf>, [cit. 2017-10-03]

Available

at

Jedlička, K., Hájek, P., Čerba, O. (2012) Experience with methods of 3D cartography gained during visualization of detailed
geographic data for purposes of documenting cultural heritage (case study at the castle Kozel). In GeoCart'2012 and ICA Regional
Symposium on Cartography for Australasia and Oceania. Auckland: New Zealand Cartographic Society Inc., s. 89-100. ISBN: 9780-473-22313-7.
Kraak, M. J. (1988) Computer-assisted cartographical three-dimensional imaging techniques, Dissertation (PhD Thesis), Delft: Delft
University Press. ISBN 90-6275-463-5.
Kraak, M. J., F. J. Ormeling (2011). Cartography visualization of spatial data. New York, Guildford Press, ISBN 978-1-60918-193-2
MacEachren, A. M., Kraak, M. J. (2001) Research Challenges in Geovisualization. Available at <http://schieweonline.de/geovis_refs/MacEachren_Kraak.pdf> , [cit. 2017-12-31].
Moellering, H., (2007) Expanding the ICA conceptual definition of a map. In Proceedings: of the 23th International Cartographic
Conference. Moscow.
OGC (2012) OGC City Geography Markup Language (CityGML) Encoding Standard, Open Geospatial Consortium, version 2.0.0,
Publication Date: 2012-04-04. Available at <http://www.opengeospatial.org/standards/citygml>, [cit. 2017-04-11].
Petrovič, D. (2003) Cartographic design in 3D Maps, In International Cartographic Conference 2010 Proceedings, DOI
10.1.1.655.7874. Available at <http://icaci.org/files/documents/ICC_proceedings/ICC2003/Papers/248.pdf>, [cit. 2016-11-22].
Petrovič, D., Mašera, P. (2005) ANALYSIS OF USER’S RESPONSE ON 3D CARTOGRAPHIC PRESENTATIONS. Available at
<http://www.mountaincartography.org/publications/papers/papers_bohinj_06/16_Petrovic_Masera.pdf>, [cit. 2017-11-22]
Robinson, A., Morrison, J., Muehrcke, P., Kimerling, A., Guptill, S. (1995) Elements of Cartography, 6th Edition, ISBN 9780471555797.
Rohrer, C. (2014) When to Use Which User-Experience Research Methods, Nielsen Norman Group. Available at
<https://www.nngroup.com/articles/which-ux-research-methods/>, [cit. 2018-01-02].
Slocum, T. A., McMaster, R. B., Kessler, F. C., Howard, H. H. (2010) Thematic Cartography and Geovisualization (3rd ed.).
London: Pearson Education LTD., 561 p.

BIOGRAPHY
Pavel
HÁJEK

Karel
JEDLIČKA

Václav
ČADA

The team of people from the Department of Geomatics at the University of West Bohemia consists of the experts
in fields of Geographic Information Systems, database systems, 3D modeling, 3D cartography and geospatial data
gathering. The members of the team are researchers and/or academic employees and have extended experiences
from the long time research and from numerous projects, where they have been involved. More information about
the members and the projects in which they have been involved can be found at http://kgm.zcu.cz/.

489

Proceedings, 7th International Conference on Cartography and GIS, 18-23 June 2018, Sozopol, Bulgaria
ISSN: 1314-0604, Eds: Bandrova T., Konečný M.

CARTOGRAPHIC REPRESENTATIONS OF HISTORICAL
MONUMENTS USED IN DIGITAL TOURIST GUIDE
Martina Kepka Vichrová, Pavel Hájek, Radek Fiala, Michal Kepka,
Ondřej Dudáček, Václav Čada
Ing. Ph.D., Martina, Kepka Vichrová*, +420 377 639 216, vichrova@kgm.zcu.cz
Ing., Pavel, Hájek*, gorin@kgm.zcu.cz
Ing. Ph.D., Radek, Fiala*, fialar@kgm.zcu.cz
Ing., Michal, Kepka*, mkepka@kgm.zcu.cz
Ing., Ondřej, Dudáček*, odudacek@kgm.zcu.cz
Assoc. Prof. Ing. CSc., Václav, Čada*, cada@kgm.zcu.cz
* NTIS – New Technologies for the Information Society – Research Center, Faculty of Applied
Sciences, University of West Bohemia, Univerzitní 8, Plzeň, 30614, Czech Republic
Abstract
Deploying multimedial tourist guides is a modern trend for an information support of tourists in the contemporary
digital era. Classic printed tourist guides containing texts and pictures were transformed into their digital versions. But
just texts and pictures seem to be not enough yet. A contemporary user wants to “see more”, to have more opportunities
how to get information from a guide. Thanks to the progress in ICT, especially in an improving performance of portable
devices, augmented or virtual reality is being very popular nowadays. A crucial part of such a reality is in its 3D
models, which are displayed on such devices. This contribution tends to compare two approaches, how to create such
3D models, especially models representing historical monuments. First approach is based on an automatic processing
of images (i.e. comes from the field of photogrammetry) and the second is based on a more or less manual creation of
3D models using 3D CAD software. Comparison of both approaches is based on two models of the same monuments,
one obtained by an automated approach and the second obtained by a manual approach. Pros, cons and limitations of
both approaches are discussed with a focus on creation of historical monuments. It shows that an automated approach
is not suitable for all situations and all kinds of historical monuments, especially when a historical monument exists not
anymore.
Keywords: tourist guide, 3D model, photogrammetry, baroque monument, cartographic representation

INTRODUCTION
Utilization of Information and Communication Technologies (ICT) and other modern tools or media penetrates almost
all areas of human life. One of such areas are even a domain of tourist guides. A paper has become no longer the main
medium used within this domain, it has been replacing by multimedia and Web technologies in the last decade. Such
technologies enable to provide not only textual and pictorial information, as the traditional paper tourist guides do, but
also a multimedia content such as sound, video, content-rich web pages (Fino et al. 2013), location-based guided mobile
applications (Zheng et al. 2017, Kourouthanassis et al. 2015) or an interactive content based on virtual 3D scenes, such
as Augmented (AR) (Puyuelo et al. 2013) or Virtual Reality (VR) (Zarzuela et al. 2013). Therefore such a content can
be very complex in a sense of amount of information, as well as easy to be brought out by the user both before the
journey and during the journey in the field. Towards to the topic of this paper, these modern technologies can bring
benefits to tourists especially in one often case, when historical locations don’t exist any more or when they were
changed completely from different reasons. In such cases, domain of 3D modelling comes into account that can provide
virtual experience at least. Using these ICT technologies makes possible to link a description of touristy interesting
location with information important for trip planning and using of local services such as accommodation, refreshment
and so on. The concept of Linked data bringing methods and tools to link such information and this concept brings
benefits to tourist guides respectively to tourists directly (Čerba and Mildorf 2016, Čerba and Jedlička 2016).
This contribution is based on the Czech-Bavarian INTERREG project called “Peregrinus Silva Bohemica – Multimedia
and digital tourist guidance for cross border historic routes in the Bavarian-Bohemian forest” is focused on design and
development of multimedia tourist guide to baroque heritage along cross border historic pilgrim trails in the BavarianBohemian Forest.
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New incentives should be created to make historic pilgrims’ ways and merchants’ routes of the Bohemian Forest to be
more appealing for tourism applying digital guidance concept and multimedia content. Using modern advanced
technologies like 3D modeling, augmented reality, Linked data and web mapping can be used to make historical
cultural landscape more attractive for tourists. These technologies are encapsulated in map portal on the Web that
presents the possibility to discover the cartographic and historical heritage along trails in the Bohemian Forest. The map
portal also provides the 3D reconstructions as well as detailed information to interested visitors via tablet or smartphone
directly in-situ. In a case study a Bavarian-Bohemian Baroque trail was chosen as an example on which the developed
media will be tested on. The theme of the Baroque era is currently very topical.
Different methods of the 3D model creation have to be used for existing and ceased monuments (damaged or
destroyed). For existing monuments, the surveying and photogrammetry can be used as a source of primary data
describing the monument. In the case of ceased monuments, the foregoing procedures cannot be used and the
reconstruction of the object has to be based on plans, photographs, written documents and/or testimonies of witnesses.

Church of the Annunciation of the Virgin Mary in Týnec
The historical object of interest on which the comparison of methods was tested is called the Church of the
Annunciation of the Virgin Mary, which is located in Týnec by Klatovy in the South-West part of the Czech Republic
(Figure 1). The overall appearance of the church, size and amount of detail on the building was optimal for the methods
testing described in this paper.
The Church of the Annunciation of the Virgin Mary in Týnec by Klatovy was built in the middle of the 14th century.
From the above mentioned project’s perspective, this object is interesting mainly due to the importance of this place.
There are records in Memory book of the Týnec’s rectory mentioning almost twenty miracles of reinstatement which
occurred there. There were about eight pilgrimages that took place in Týnec during Marian feasts in sixties, seventies
and eighties of the 17th century. The processions came from Bavaria and from further countries as well. Since that, an
amount of pilgrims visiting this place had been rising and it had a positive influence to the local church, manor and the
peasants. Now a days, there are two pilgrimages taking place in Týnec annually. More information about this object of
interest can be found in Kepka Vichrová et al. (2017b).

Figure 1 – Photo of the Church of the Annunciation of the Virgin Mary in Týnec by Klatovy
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METHODOLOGY
This chapter introduces approaches used for a creation of a virtual 3D model of the Church of the Annunciation of the
Virgin Mary in Týnec by Klatovy. Two representative approaches were chosen and used for a creation of such a model.
First one, based on photogrammetric methods, and the second one, based on a manual way of model’s creation. These
two ways are described in the following chapters.

Photogrammetric 3D models
Classic photogrammetry
Photogrammetric measurements are used for documentation of historical buildings and monuments for more than 150
years (see e.g. Grimm 2007). The “classic” photogrammetric approach for getting measurements from images requires
special equipment a skilled workers.
For image acquisition, a photogrammetric camera (phototheodolite) that is optimized for geometrical accuracy of
images, is required. Further image processing requires knowledge of internal orientation parameters (focal distance,
principal point, lens distortion) of the camera (in computer vision domain, the term camera calibration is used).
Evaluation of internal orientation parameters requires taking and processing several images of a calibration field
consisting in a set of functionally placed points which position is precisely determined.
The next step in image processing is image triangulation. As a result of image triangulation, so called external
orientation parameters (camera pose in computer vision) of the images (positions and attitudes of the camera when
taking the images) are determined. This process requires several ground control points (GCPs), with known 3D
coordinates, per image. 3D coordinates of the GCPs are usually results of surveying. Alternatively, a computationally
more demanding aerotriangulation can be used, which requires determination of tie points in the images, but far less
GCPs. In some cases, where georeferencing of measurements is not necessary, only scale-bars (pairs of points with
known distance) can be used instead of GCPs .
Images with known interior and exterior orientation parameters can be used for triangulation of selected points resulting
in 3D coordinates of the points. The points are selected by the operator and must be measured separately. This process
is of course time consuming and results usually in measurements of point or line features of the object. The operator
interpretation of the images and his workmanship allows to measure only important features while simultaneously
involving desired level of generalization. As a result, the models based on classic photogrammetric measurements, are
both simple and very precise.

Contemporary photogrammetry
Contemporary photogrammetry tends to automate the processing of images as much as possible. Often used technique
in the photogrammetry is now structure from motion (SfM), that is itself composed of a sequence of feature extraction,
matching, geometric verification, image registration, triangulation and bundle adjustment (Schönberger et al. 2016).
Processes used in SfM are (at least in principle) similar to the processes used in classic photogrammetry. Of course,
they are often hidden from the user or are just one-click tasks. Great advantage of SfM is that texturing of the model
requires almost no additional effort (except of computing demands). Automated processing with high number of images
and correspondences allows for in-process camera calibration, that is essential for using non-metric cameras.
Native result of the SfM is point cloud, that is often much denser, than is necessary for representing the shape of the
object. Lack of generalization, inherent in manual measurements of classic photogrammetry, is the reason, why SfM
models are usually very large and noisy. SfM models can be created with a high spatial accuracy if required. When
several GCPs are measured and used for SfM reconstruction, the geometric accuracy of the model is very high and the
model is naturally georeferenced. Such model can be easily combined with other spatial data like orthophoto, map or
DTM. This approach, however, requires surveying equipment and skilled person, that is able to use the equipment. A
total station, preferably with reflectorless mode, that allows to take measurements without the use of prism or reflective
stickers, is of great value for GCPs measurement.
Precise geometry of the reconstructed model is not required in many cases. That time, much simpler tools like tape
measure or rangefinder can be used for object measurements. Geometric accuracy of the model depends on camera
calibration accuracy in this case. If a georeferenced model is required, the georeferencing must be done some other way.
Figure 2 shows a model of the church created in Agisoft Photoscan software by means of SfM from 195 images taken
by Fujifilm X-T20 camera (24 Mpix). The image positions and attitudes can be seen in Figure 3. Surveyed positions of
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12 GCPs have been used in SfM process, so the model is fully georeferenced. It can be seen in the Figure 3, that parts of
the church surface is missing (mainly the tower roof and the chancel roof between the ridge and the tower. These parts
are either imaged very obliquely or completely occluded.

Figure 2 – SfM model of the church computed from 195 images (TIN, shaded TIN, textured)

Figure 3 – Position of images used for SfM reconstruction
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By decimation of the 741,376 faces TIN of SfM model to a model with 100,297 faces, a simplified model has been
created. The differences between original and simplified model can be easily seen in shaded view if its TINs. However,
in textured model, the visual differences are negligible – see Figure 4.

Figure 4 – Comparison of photograph (left), textured SfM model (middle) and textured simplified SfM model (right)

3D models from plans
On contrary to the automatic creation of 3D models mentioned in the previous chapter, the manual approach of 3D
models’ creation is depicted in this chapter. The manual approach is based on suitable and available data sources such
as contemporary plans of the modeled object, contemporary photographs, historical plans and sketches. An example of
such data for the Church of the Annunciation of the Virgin Mary in Týnec is depicted below in Figure 5.
In other words, any kind of source which provide information about the size, intended form and resemblance of the
modeled object is usable for such a purpose. For example regarding out object of interest, almost none historical
documents describing the object were retained. But the condition of the object is relatively unchanged, therefore even
contemporary source data about the object are sufficient as a profound information about the object’s historical
appearance. For more information about the relationship between available source data and contemporary state of the
object itself see Kepka Vichrová et al. (2017a). But the historical architectural customs need to be taken into an account
as well to provide a relatively appropriate historical version of the object.
Based on the retrieved information from the data sources mentioned above about the size and form of the object of
interest, a 3D model is created via a 3D CAD software. The source data are processed mainly manually, or partially
automatically, if the source data are in a suitable vector form, such as the plan in Fig. A, which can be loaded into a 3D
CAD software directly. Contemporary photographs or historical paintings of the object of interest serve as an
information about appearance of the object, especially about the object’s coloring, i.e. that information is used for the
parameterization of cartographic symbols representing the parts of the 3D model.

Figure 5 – A plan of contemporary state of the church created via a land survey.
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Figure 6 – An illustration of the 3D model of the object of interest created via manual approach.
The 3D model created via manual approach, see Figure 6, can be described not only from the point of cartography as
follows. The 3D model represents the historical resemblance of the church, where some parts of the building are
omitted comparing to the contemporary state of the building, based on the historical architectural customs (baroque
ones, in this case). Some parts of the church are even simplified, such as roof tiles, windows and so on, regarding to the
cartographic representation of the 3D model itself. For the representation of different surfaces of the 3D model, both
textures (for roof, walls, windows) and colors (for framing of the windows, roof top of the tower) were used, i.e. both
photorealistic and non-photorealistic cartographic representations. That means not only plans of the church, but also
contemporary photographs were used as data sources for chus a 3D model. No added information considering using
extra cartographic symbols (such a simplified symbol representing a church on maps or such) were used. There are no
atmospheric influence visible on the used textures, as they are in Figure 4, only model’s lighting used within the 3D
CAD software is presented in Figure 6.

RESULTS
Considering the topic of this paper, cartographic representations of 3D models, which are mentioned in the previous
chapters has to be analyzed. Both of automatic and manual approach of 3D models’ creation have their own
specifications, pros and cons, which are summarized in the following text .
An automated approach, extensively described in this paper, uses a photorealistic cartographic representation of 3D
models. A cartographic symbolization itself is suppressed by using just a photorealistic cartographic representation and
it has to be added to the 3D model separately, mainly manually. Moreover such an approach creates 3D models showing
only a contemporary state of the modeled object together with any atmospheric influence presented in the used
photographs such as lighting, shading, fogging and so on, thus on the created 3D model as well. The time needed for
creation of such a model via this approach is derived mainly from an amount of collected data (photographs, points in a
point cloud and so on) and desired details or granularity of the final 3D model. Although the modelling is almost
automatic, some clean-up of false points and/or surfaces is advisable. The size of the created 3D model can be
decreased by using decimated mesh representing the model itself. Last, but not least, the process of editing such a
model is very complicated due to the huge number of faces, the model is composed of. A drawback of such an approach
is in using a combination of terrestrial and aerial photogrammetry (photographs taken from ground and from air) to
create a virtual 3D model of the whole object of interest, see Figure 3, where the top of the tower is missing, because
only terrestrial photogrammetry was used.
A manual approach can use both photorealistic and non-photorealistic cartographic representation of 3D models
through the way of creation of a 3D models at the same time. For more information about photorealistic and nonphotorealistic approach for cartographic representation of 3D models see Hájek et al. (2016), Hájek et al. (2015),
Döllner (2008) or Dodge et al. (2008). Thanks to this manual approach a historical version of an object can be created
easily, if there are sufficient historical data describing the object. On top of that, no atmospheric influence presented in
photographs showing the contemporary resemblance of the object should be noticeable on the 3D model created via this
approach. The time needed for creation of such a model via this approach is derived mainly from the complexity and
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desired detailed or granularity of the final 3D model, which is very different from the one mentioned above. Because
using this manual approach, a creator of a 3D model tends to minimize the size of the 3D model and number of faces
the model is composed of during the 3D model creation. Unlike the 3D model created via automated approach, a
representation of a part of the object (e.g. wall) can be composed of just several faces using manual approach. Last, but
not least, the process of editing such a model is very easy due to the very small number of faces, the model is composed
of.
Outcomes from an automated and a manual creation of the same 3D model of the Church of the Annunciation of the
Virgin Mary in Týnec regarding the size of different versions of the 3D models are described in Table 1 below.
Table 1 – Comparison of geometric content and file size of different model
Model type

Geometric features

Collada file size

Full resolution model

741,376 faces
373,294 vertices

65.6 MB dae model
4.8 MB texture

Model with a decimated mesh

100,297 faces
51,243 vertices

9.0 MB dae model
4.4 MB texture

Model from a manual approach

2,669 faces
6,326 edges

2.08 MB dae model
619 kB textures

Full resolution model was created from 16,472,876 SfM points. SfM can produce about 8 times more points (~130 M)
from the images, but it would not lead to further visual improvement of the model.

DISCUSSION
Pros, cons, specifications and limitations of both automated and manual approaches were described in the previous
chapter. This chapter tends to ask questions regarding usability of such approaches for different applications. From
many possible approaches to a creation of a virtual 3D model, an automated way based on photogrammetry and
a manual way based on plans of a building were described in this paper. Other possible methods are based on a laser
scanning, extensive land survey, historical documents and so on. An answer on a question “Which approach to use?” is
related to the desired outcome and use of the final virtual 3D model of a historical monument. A virtual 3D model
designed to be presented locally or via web-browser on a monitor has fulfill other conditions then a virtual 3D model
designed to be printed via 3D printer or used as a part of AR/VR. The profound conditions are the complexity of the
model, the details represented on the model, the size of the model and the desired resemblance of the monument (either
contemporary or historical state). Find a reasonable compromise among the mentioned conditions is not a trivial matter,
but a general recommendation can be stated as “model smaller at size, is a better model”.
Automated approaches are more suitable for modeling larger areas, they consumes mainly the computing time of a
machine. But using such approaches, only a contemporary state of the object of interest is created and overwhelmingly
only a photorealistic cartographic representation is used for the created models.
Manual approaches are more suitable for modeling smaller areas, they consumes mainly people’s working time. But
using such approaches, even a historical state of the object of interest can be created and in most cases a combination of
photorealistic and non-photorealistic cartographic representation is used for the created models.
A combination of both mentioned approaches is not commonly used, possibly a model created from an automated
approach can serve as a data source for shape and size of the object of interest, which is then created via a manual
approach. It is necessary to point out, that only exterior of the object of interest was modeled and described in this
paper. Creation of a model including interior of the object of interest can be a next step in modelling such an object, but
there are such issues to deal with. Mainly an exponential increase of the model’s size, time consumed for model’s
creation or legal issues should be considered in this next step.
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CONCLUSION
This contribution was focused on cartographic representations of historical monuments used in digital tourist guide. At
the beginning, an influence of ICT in the area of tourist guides was mentioned, together with a short description of the
pilot historical monument called Church of the Annunciation of the Virgin Mary in Týnec, which was used as a
representative one for the purpose of this paper. In the Methodology chapter two representative ways for a creation of
virtual 3D models representing the historical monument were described in detail. Firstly, an automated way of model’s
creation based on photogrammetric methods was presented. Secondly, a manual way of model’s creation based mainly
on derived information from plans of the monument was described. Afterwards, in the next chapter called Results, the
virtual 3D models of the Church of the Annunciation of the Virgin Mary in Týnec created by an automated and a
manual way of its creation were analyzed. Especially from the cartographic point of view, i.e. which cartographic
approaches were used for representing such virtual 3D models and what is the influence of using such ways of creation
for the possible cartographic representations, data loading a visualization of such models. Pros and cons of both
approaches were stated as well in this chapter. The final chapter of this paper is a Discussion, where questions regarding
using the mentioned methods are discussed.
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Abstract
As outlined by various comparative studies, there's an ongoing question of suitability of certain (cartographic)
visualizations & visualization elements for tasks at hand - be it specialized cases, unique visualization interfaces, etc.
However it may be, in the end, a recipient always processes such "suitability" through human visual perception and
cognition.
In this paper, our approach was to take a step back from the comparative research, and to offer a theoretical overview
of visual cognition and graphics pipelines instead. I.e., we put together a working model for each, followed by our
comparison of the two. Specifically: we revisited notable cognitive psychology theories on processing visual stimuli,
and from these, we extracted a hierarchical working model; as for computer graphics, we reviewed existing 3D
graphics pipelines, along with contemporary visualization engine implementations.
The purpose of this theoretical detour was to provide grounding for research that is to follow. Not only do our findings
unveil potential experimental cases, they also prove an insight on what is feasible in the context of today's visualization
engines and hardware.
Keywords: Virtual Environments, Computer-Generated Imagery (CGI), Graphics Pipelines, Visualization Engines,
Visual Perception, Visual Cognition, Visual Elements

INTRODUCTION
When visualizing particularly information-dense spatial subjects, esp. in three dimensions, the potential for visual
complexity in processing such subjects ensues [1]. And as we breach such problematics, many inter-related questions
arise – e.g., the nature of the subject that is to be visualized, the method-of-choice of visualizing said subject, the
expertise of the individuals that are to be working with the subject [2], the (steering of the) direction of the cognitive
processes in said individuals, etc. One way of handling some of these questions is by knowing and controlling the visual
elements a spatial subject consists of.
The focus of this paper involves asking the following question: within the context of visual elements research (esp. in
3D), how do the theories/methodics/terms of human perception/cognition of imagery and space compare against
artificial, computer-made approaches to visualization? The specificity of chosen visualization method-to-be is
irrelevant to us in this context, as we intend on grasping such question holistically; our intention here lies in offering a
new perspective on the subject and/or honing the methodics regarding the scope of visual element research when
artificial representations of imagery and space are in play.
In other words, to make sense of any visual scene, a scene can be divided into atomic visual elements that make up such
a scene; elements, that, if removed from the scene, would cause the existing scene falling apart irretrievably. There are
processes, both in human perception and in the field of computer graphics, which utilize visual elements to (re)create
the whole of a scene. And since a human perceiving a visual scene and a computer rendering a representation of space
are two separate subjects based on different paradigms, we expect there may be a gap when comparing the two – i.e.,
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something worth the scrutiny of being explored further (as in attempting to bridge an inter-relation of the existing
terminology).
In yet another words, in an ideal world, our perceptions and/or representations of an outer world would provide 100%
accuracy with zero distortion. However, when a real person perceives a visuo-spatial subject, in their perception, they
introduce distortions [3]. When existing space is represented as computer-generated imagery, i.e. a virtual environment,
distortions occur, too (rasterization, resolution constraints, detail limitation). But we, as researchers, tend to fail to
consider situations when these two distortions potent each other – i.e., when a person perceives computer-generated
representation of space (see fig. 1 – there can surely be a circular loop from the last icon to the first).

Figure 1: A human senses the surrounding visual stimuli; through perception, they can make sense of the world they
see. Then, through visual cognitive process, they can choose their further strategies in relating to the world and space.
Based on their understanding of what they see, they can then proceed with creating their own representations of the
world.
Herein lies our criticism of visual elements research done to date – usually, for the ease of evaluation of such research
(and for us to drive our point across), there would be an experimental group and a control group; the participants in both
groups would be presented with a similar visualization of a virtual environment, with one distinction in mind – the
participant in the experimental group being presented with an altered value of a visual element the study follows (i.e.,
the independent variable – be it a difference in object detail, texture, color, etc.). Beyond that, there would be little to no
consideration for the computer visualization engine, i.e. no objective critical consideration of whether the
operationalization of the independent variable is proper. Either that, or the visual element in question can be poorly
grasped – oftentimes not being an actual visual element, but a complex combination of multiple elements – e.g.
something that is hard to operationalize/standardize.

VISUAL ELEMENTS IN HUMAN PERCEPTION
In this chapter and the following one, we are about to review visual elements in human perception and in computer
graphics. At this point, it has to be stressed that the human perception portion has to precede any other topic – as this is
the basis on which we see external world around us, i.e. a basis from which other concepts follow. Therefore, any
potential perceptual limitations/errors that can occur, do occur here or later on.
Unfortunately, human perception does not offer a solid, fully deterministic foundation on which the subject can be
expanded upon further. This is so because of human perception originates from biology (esp. neuroscience),
psychology, and, to an extent, from cultural learning [4]. As the starting point to visual perception, there is sensing: the
visual pathway receives light photons through the eye, and the responsible photon-receptive cells proceed in translating
this light into electric potential that then travels to the occipital cortex of the brain; physics (optics) comes to play at this
level of visual sensing, and eye pathologies, if present, do translate to vision distortions. Once transported into the
visual cortex of the occipital lobe, image reconstruction commences. The occipital cortex is interconnected with the
temporal cortex through the ventral stream – which allows for object recognition (and putting things in context, as far as
our knowledge lexical learning, value system and cultural appropriation of objects goes); the other connection, dorsal
stream, which interconnects with the parietal lobe allows for perceiving the relations between objects, e.g. spatial cues
[5]. As it seems, the mammal brain has developed some specialized functionalities in these areas, e.g. depth and
distance estimation, face recognition, recognition or pursuit of a rotated object, etc. Perceptual errors on this level vary
from object misrecognition to brain lesions that cause perceptual blindness, the inability to refer to an object by name,
to the structure of the scene partially or completely falling apart.
Regarding visual elements, let’s focus on the visual cortex itself [6] – as the ongoing research in neurosciences
suggests, some proto-representations of visual elements are, in fact, present in the six segments of this cortex. The
primary visual cortex (V1) projects imagery obtained from retina onto its cells, in an uneven manner, due to uneven
retinal cell distribution (cortical magnification). V1 is also primarily sensitive to edge detection – when two neighboring
shapes of different colors are processed, it is not the color itself that is of processing significance, but the radical shift in
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value upon transition – creating the perception of the edge. Shape recognition does not happen on the level of V1;
however, due to edge detection and projection of image, this does give an accurate baseline to recognize shapes in
following perception processes. The secondary visual cortex (V2) allow for some rudimentary recognition of
orientation, color, size, shape, or spatial frequency, along with integrating some of the more complex processes (e.g.
spatial cues or perceiving along the Gestalt principles). The function of V3 is yet somewhat unknown; it is suggested
that complete visual representation materializes here. V4 extends the abilities of V2, in addition to processing spatial
saliency, i.e. some shape and color recognition, along with the ability to focus attention on a stimulus of choice. The last
two segments of the visual cortex, V5 and V6, are not that significant for our subject – the former supposedly
specializes in recognizing objects of motion, whilst the latter aids in continuous recognition while the individual
themselves is in motion.
Another notable regard is that beyond the reconstruction of standard visual stimulus, human visual processing also
contains some specialized functions (stemming from the concept of modular brain theory [7]) – these are kinds of
superstructures built on top of the general visual perception; these specialized functions range from low-level,
somewhat generic ones (e.g. spatial cues recognition, perceptional sensitivity to Gestalt principles), to high-level,
specific ones (e.g. face recognition); their use is to allow humans/primates to orient themselves in the environments they
live in more rapidly/effectively. For out purposes, let’s mention the Gestalt principles and spatial cues – particularly
where they fit within the context of other visual processing. When visual input is understood enough so that protorepresentations of shapes stand out (we are talking about what would be two-dimensional portions of a two-dimensional
imagery), Gestalt principles [8] can come into play. These principles (e.g. proximity, continuity, good shape, illusory
contours, figure/background relation etc.), allow us to put shapes into groupings and/or to assume shape continuity in
places where this continuity is otherwise obstructed or lost due to the limitations of the current viewpoint – effectively
giving us some heuristic interpretation of what would otherwise be confusing visual layout, while also
grouping/sidelining the similarities. Beyond the Gestalt principles, once forms of three-dimensional objects are brought
into the perception process, spatial cues [9] can be utilized. These cues, some of which are monocular (e.g. relative sizes
of objects, object overlaying, perspective, texture gradient, atmospheric perspective, light distribution, elevation), some
of which are binocular (eye convergence/divergence, binocular disparity of image perceived in the left/right eye), allow
us to determine the three-dimensionality of space and how navigate in it (where the retinal/cortical projection of visuals
is merely 2D, these cues allow us to reconstruct the 3D perception of the surrounding world around us).
At this point, let’s take a detour into art theory. Why would we want to do that? One reason is that art is a product of
visual cognition – i.e. a product of thinking about the visual composition of imagery and spatial layouts; a human being
producing art would, therefore, reflect on their own understanding of the physical arrangement and properties of the
visual world prior to re-producing such information into a man-made visualization - this, by itself, is a level of
metacognition of space; yet another level would be us thinking about how an artist produced their visualization (i.e.
from thinking of space, to thinking of how to represent existing space onto a medium, to thinking how another had
thought about representing space).
The other reason for mentioning art theory is because the term visual elements actually originates from here. This is so
since art precedes scientific theory [10]. Unfortunately, this also introduces further inaccuracies into our effort of
thoroughly defining visual elements – the art theory backing the term is merely based in practice and tradition of
analyzing and representing man/made visualizations projected onto two/dimensional planes, i.e. mostly paintings.
Based on that alone, we can see that if we are to engage in 3D virtual environment research (with the likes of
interactive, real-time virtual reality visualizations in mind), the basic visual elements in art terminology is expected to
be lacking.
The seven visual elements in art, as recurrently mentioned [11] are as follows: line, shape, form, value, color, texture,
pattern. These are not independent on each other, as some amount of dependency/hierarchical ordering exists. E.g., a
line can be understood as a brush stroke that connect two points (which may or may not be present within the scope of
the visualization). A shape can only emerge from a combination of lines (a triangle, the most primitive of shapes, is
made of three lines); a form is a three-dimensional extrusion of a shape (and again, more lines are required – to bring
out the shape into its third dimension using lead lines of a 3D projection of choice). Value is subset of color (hue, value,
intensity), and color is, once more, a subset of texture; what all three have in common is that they fill out some space
which may or may not be pre-defined by lines/shapes/forms. Pattern stands by itself as an intended ordering and/or
repetition of the other elements, so as to create an art style. All these well-known art styles (e.g. realism, surrealism,
expressionism, cubism, etc.) can be thought of as purposeful utilization of certain (clusters of) visual elements, while
also potentially suppressing others.
Nevertheless, the art theory of visual elements does not prescribe inter-relations and/or dependability in between its
elements; we can, however, extrapolate that knowledge from some general metacognition of space of our own, or even
better: from drawing parallels with the aforementioned processes in human visual perception. Onto visualizing all this:

502

Proceedings, 7th International Conference on Cartography and GIS, 18-23 June 2018, Sozopol, Bulgaria
ISSN: 1314-0604, Eds: Bandrova T., Konečný M.

Figure 2.1: Our hierarchical ordering of the visual elements in art

Figure 2.2: human visual perception, as per its stages/ visual cortex interconnection, and functionality
As seen in figure 2.1, this is our hierarchical understanding of visual elements: there is a transition from 1D to 2D to 3D
in lines/shapes/forms; all of which can be represented by values/colors; a texture is notably two-dimensional, therefore
it requires 2D to be portrayed; all of this can be varied/stylized by patters of choice. Moving on to human visual
perception (figure 2.2): due to relative simplicity of both this model and the aforementioned one, the parallels between
the two can be easily spotted; a notable difference is that within the context of human perception, there was no mention
of textures (however, a texture is, in essence, nothing else than a variation of color across space) or patterns (we could,
however, relate Gestalt processing to that).

VISUAL ELEMENTS IN COMPUTER GRAPHICS
As opposed to visual perception (based on evolution) and art theory (based on practice), the approaches in computer
graphics are based on mathematical approximations of reality and the use of data structures to store their values (with a
bit of practicality in tow as well) [12]. The problem of applied mathematical representations is that they are inherently
inaccurate; if they are to be made somewhat accurate, this would take both time to implement (which increases
exponentially as we go into further detailing), and time to render (i.e. computational difficulty, which can be concerning
especially in real-time visualizations).
Despite the constraints, there is a multitude of ways to represent visuals in CGI. The approach of modeling solids [13]
utilizes stacking 3D objects into Boolean relations with each other (e.g. additions, subtractions, intersections); some
implementations make use of splines (Bezier, NURBS) [14]; however, the most common approach in real-time
rendering employs the use polygonal meshes (typically lots of triangles) [15]. Within the polygonal mesh approach, we
can, also, explore the subject of visual elements of such visualizations; furthermore, unlike human perception and/or art,
polygonal visual representations are constructed from a pre-defined data structure - in other words, full determinism is
ensured.
The basic element of any polygonal structure is a three-dimensional point – a vertex. Multiple vertices are then
connected to form a polygon, i.e. a shape (a triangle or a more complex shape). When a set of polygons is put together,
an object can be created. Edges between vertices exist, but usually not on their own – they have to be linked to a
polygon first (these rules may not hold 100% true for every visualization engine since implementations differ, yet this is
the most common practice). From this classification, it is apparent that vertices/edges/polygons are fairly similar to the
visual elements of lines/shapes.
Beyond basic geometry, however, things do get more complicated. Where the traditional classification refer to a simple
visual element of texture, current-generation 3D visualization engines operate with complex models based on light
dispersion/reflection/illumination. Therefore, instead of a simple texture that would represent the color & structural
gradient of the material, there is now a multitude of supplementary textures that aid in simulating complex lighting
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models. Especially when the 3D renderer implements a computational model of global illumination, overall coloration
of objects is influenced by the surrounding virtual environment. Some of these extra so called “textures” (we use that
term lightly here, as they deviate from the original meaning of the word quite significantly) add in additional geometric
detail to 3D forms on demand – while the so called normal map creates an illusion of this across a shape by altering
light reflection projected onto a shape’s texture, the technique of tessellation actually adds in real detail geometry by
dividing the existing polygons and applying deformation to them.
How exactly is the process of rendering visuals handled in 3D visualization engines? There are a couple low-level
graphics programming languages (DirectX, OpenGL, Vulkan) that provide access to the functionality visualization
hardware is capable of; actual visualization engines (e.g. Unity) then build their functionality on top of these.
Essentially, what any current-generation graphics pipeline does can be divided into two simplified steps: re-creation of
geometry (the aforementioned vertices/polygons), and application of color values on top of these. However, things do
get complicated with the extendibility/programmability of these steps: various (programmer-made) vertex shaders can
significantly modify the input geometry; fragment shaders then serve the purpose of applying complex
color/light/texture functions to colorize the existing polygons – so that a finished, colorized geometry can be outputted
as a finalized visualization. And there are complex mathematical functions beyond all this.
E.g. the approach of physically based rendering (PBR) [16] is a collection of good fragment shaders practices that can
be implemented using current-generation graphics hardware to output a scene of high-quality lighting & texturing. This
is achieved by creating 3D objects with PBR materials applied to it. Conventionally, we were previously referring to a
shape/form having a texture; this time, there is a multitude of these [17]: diffuse/albedo (to represent the non-directional
light the object reflects), specular (reflexivity of directional light), smoothness (the amount of detailing on various parts
of the object), occlusion (exposition of parts of the object to the surrounding environment), and others. These are not
textures per se – they represent different physical features in regards to light reflectivity/dispersion.

Figure 3.1: an albedo, specular and smoothness texture of a shield.

Figure 3.2: A standard PBR shader (left) vs. a custom programmable fragment shader (right).
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In this regard, the terminological exodus is apparent. In real-time computer-generated visualizations, we no longer make
do with a term like “texture”. Furthermore, what we described was a standard PBR shader (fig. 3.1, fig. 3.2 on the left).
There are actual shader editors (fig. 3.2) [18] which allow for even more complex, custom materials that behave acc. to
various prescriptions of mathematical functions.

CONCLUSION
We have shown that some of the aforementioned visual elements are, in essence, easily transferrable and/or
interchangeable across various theories – this applies to basic geometry (lines/edges, shapes/polygons, forms/objects).
The paper also explored inter-relations between the elements – how they potentially stack on top of each other; this
should, in theory, allow us to be able to manipulate them correctly, to an extent, if an experimental scenario ensues.
However, we have also shown that in regards to textures and supplemental values/lighting models, the former
classifications are no longer enough.
A matter for discussion would revolve around ways to bridge this terminological gap. There are, however, some rather
complex prerequisites that needs to be mapped-out prior to such discussion taking place: knowing what current 3D
visualization engines can do, fragment-shader-wise, and knowing the range of possibilities with such tools – since there
are some optimal and some not-so-optimal practices that can be employed when producing a visualization of a 3D
scene. E.g., one can, if they intend to, encompass lines, shapes and lighting values within a texture – and depending on
possible experimental design that would take place based on a scene produced like that, the question is whether this
would be suitable (also depending on the method of data-collection/evaluation, etc.) Regarding all this, further research
is required.
Let us also mention that the available forms of visualizations have expanded drastically over the past few decades. Due
to newly gained computational capacity of graphics processors (experimentally from the early 1970s, universally from
the mid-1990s), we now have real-time dynamic visualizations available [19]. The dynamicity of it dictates for a need
to re-calculate viewpoints and lighting on the go. Therefore, the effective approach would involve having some
somewhat-universal model that can be applied across various scenes/alignments (thus the PBR, etc.) Painters of the old
did not have such problems or a need for an approach like that – they simply chose a static viewpoint of theirs, along
with a pre-set lighting, and then they portrayed a scene of their choice as it appeared to them – without the need for
(excessive) knowledge about material properties and/or light propagation.
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Abstract
The aim of the paper is to present the research on reproduction a non-existent building with use of archives and
geoinformation solutions. The subject of research was the Warsaw-Vienna Railway Station, which was one of the most
beautiful train stations in pre-war Warsaw. It was destroyed during the 2nd World War and it has never been rebuilt.
There is almost no documentation regarding the architecture of this building in the archives.
The paper presents the idea of virtual reconstruction of the building. 2D and 3D visualizations of the building have
been created and presented with use of geoinformation tools. The 2D visualization includes an online map of the station
premises created in ArcGIS Online, while the 3D visualization was created in SketchUp Pro. The integrated
application, combining the 2D and 3D models, was created in ArcGIS Story Map. Finally, a mobile application based
on Augmented Reality has been developed.
Keywords: 3D model, visualisation, interactive map

INTRODUCTION
The Warsaw-Vienna Railway Station was located in the centre of Warsaw, at the intersection of Marszałkowska Street
and Aleje Jerozolimskie, which are the most important communication roads in the city (Krajewski, 1971). This
railway station served as a head-end station and was the beginning of a railway route called the Warsaw-Vienna Iron
Road. The designer of the station in the classicist style was the well-respected architect Henryk Marconi, who came to
Warsaw in 1822 on request of General Ludwik Pac (Paszke, 2015). The cornerstone for the Railway Station construction
was laid on July 14, 1844. On June 14, 1845, the first train departed solemnly, and the station was completely put into use
on November 27 of the same year. The station became the pride of Warsaw, not only because of its representative
appearance. During the defence of Warsaw during World War II, the Railway Station suffered considerable damage and
until the first post-war days only its ruins survived. After the end of hostilities, early in the morning on May 30, 1947, the
remains of the eastern tower of the station were demolished (Paszke, 1986).
The significance of the Warsaw-Vienna Railway Station is emphasized by the works of literature, art and drawing,
devoted to it, as well as a rich collection of articles from the contemporary press, which scrupulously followed all
changes taking place inside and outside the building. Until today, no architectural materials have survived that would
enable the reconstruction of the Railway Station. Archival materials provide views and descriptions of the Railway
Station, but they contain quite limited metric information that could be the basis for the development of the station
model. The only information of this kind is a brief reference to the horizontal dimensions of the Train Station. In the
publication "History of the Main Railway Station in Warsaw", M. Krajewski states that in the plan view, the building
had 280 cubits of Warsaw measure (approximately 160,3 m) in length and 24 cubits (approximately 13,8 m) in the
widest place (Krajewski, 1971). A. Paszke, in his work "Railway stations of Warsaw-Vienna Iron Road. Branch I, WarsawSkierniewice (1845-1912) ", gives the dimensions of the station as 288 cubits (about 166 m) in length and 31 cubits (about
18 m) in the widest part (Paszke, 2015). These dimensions come from the author's own measurement on the plan. The
Author also remarked that the dimensions given in the literature seemed less accurate or were approximate.
Therefore, the aim of this work was to visualize the Warsaw-Vienna Railway Station using modern geoinformation
solutions and available archival materials. During the analysis, two research questions were posed. The first question
was whether (and how) a 3D model of the Railway Station could be developed, having very limited archival source
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materials. The key question here is whether it is even possible to develop such a model at all with such a small amount of
metric data about the object. The second research question concerns the way in which modern technologies can be used
to visualize a 3D model of a non-existent object and how its location can be shown in the contemporary geographical
space. There are a lot of solutions dealing with the issues of geovisualization described in the literature (Baranowski,
2006), including the use of geoinformation solutions to facilitate access to historical knowledge (Mościcka, 2009) as well
as joining historical and technical knowledge (Mościcka, Wyszyński, 2016). However, they refer to data and objects
about which we have extensive knowledge. Therefore, the solutions proposed in the work are proprietary solutions.

DATA AND METHODS
Source data
To recreate the defunct building of the Warsaw-Vienna Railway Station and the surrounding space, different archival
sources were used. They were divided into two categories: cartographic and descriptive sources. The source materials,
due to their historical character, provide less precise information, which affected the accuracy of the final result (Szady,
2008).
The only cartographic source that could be used in the work was the part of Warsaw Plan from 1896, prepared by the
English engineer William Heerlein Lindley (Lindley, 1896). Lindley's Warsaw plans are a collection of over 7,000 sheets
of maps made at various scales for the needs of the construction of Warsaw waterworks. The plans were developed in the
local rectangular coordinate system, for which the main point (geodetic zero) was assumed on a cross on the cupola of the
Evangelical church in Małachowski Square in Warsaw. There are no data on the parameters of this system, such as
ellipsoid, projection, orientation of the "X" axis with respect to the north. The Lindley collection contains, among others,
a city plan in a scale of 1:250, which was made in form of 577 sections, in 95x70 cm format, with a network of squares
every 25 Russian fathoms (about 53,34 m) (Witecki, 1990). The building of the station includes two of them. The
scanned sheets with numbers 356, 336 were used in the work. They were received from the Office of Geodesy and
Cadastre of the City of Warsaw (The Office of the City of Warsaw, 2018). Figure 1 presents a part of sheet number 336.

Figure 1. The part of sheet number 336 of the Lindley plan of Warsaw in scale 1:250
(source: The Office of the City of Warsaw, 2018)
Because of the lack of other archival materials, the Authors also used:
1. Reproduction of the architectural plan of the Warsaw-Vienna Railway Station by Henryk Marconi. The Central
Archives of Historical Records in Warsaw (The Central Archives of Historical Records, 2018) have a rich collection
of original architectural designs by Henryk Marconi. Unfortunately, the design of the station has not survived to this
day. Only its reproduction is preserved in the Great Illustrated Encyclopedia of 1896 (Pietkiewicz ed., 1896). There is
a drawing of the facade (Fig. 2), a horizontal (Fig. 3) and a vertical projection. The illustration of the station facade
provides information on its exact appearance. It is the only archive source faithfully showing the Warsaw-Vienna
Railway Station. The reproduction determines the location of openings (doors, windows) and other details of the
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facade, as well as the height of the building. The vertical section of the building provides information on the height
of individual storeys and the roof. The projection also shows the distribution of decorative elements of the facade
and window niches.

Figure 2. Warsaw-Vienna Railway Station facade (source: Pietkiewicz ed., 1896)

Figure 3. Horizontal projection: room layout in the building (source: Pietkiewicz ed., 1896)
The figures taken from the Great Illustrated Encyclopaedia have linear scale. However, due to their relatively small
size, their units are impossible to read. Consequently, the reproductions included in the Great Illustrated
Encyclopaedia do not provide information about the actual dimensions of individual building elements, but only
serve to reproduce the proportions of the building's elements.
2. Design of the Tyszkiewicz family palace in Waka and documentation of the building of the House of the Credit
Society in Radom. The Tyszkiewicz family palace in Waka and House of the Credit Society in Radom (also designed
by Marconi) has deceptively similar architectural elements, like those visible on the archival views of the Railway
Station. Therefore, it was decided to use the architectural design of the Tyszkiewicz Palace in Waka (Marconi,
1880), available in the Central Archives of Historical Records in Warsaw, to recreate the architectural elements of
the Railway Station. Unfortunately, it was impossible to collect the original architectural designs of the building of
the House of the Credit Society in Radom. The present owner of the historic building is Partner Dom Development
Sp. z o.o. (Partner Dom Development Sp. z o.o., 2018b) with its registered office in Radom, which made available
documentation for the building inventory (Partner Dom Development Sp. z o.o., 2018a) for research purposes. The
documentation includes, among others, a front elevation projection, which provided information on the exact
appearance of the window facade and the dimensions of its individual elements.
3. Archival photographs, paintings, postcards - The collected illustrations are an invaluable source of information
about the appearance of the station. Although they usually do not show the building in full splendour, they still
provide supplementary information about individual elements of the facade.

Methodology to create the 3D model
Lindley's plan is the only reliable source of knowledge about the Warsaw-Vienna Railway Station building. Therefore,
it was assumed that the information obtained from the plan would be the basis for creating a spatial database
containing data on the location of the building, its dimensions and the surrounding area. On the basis of the plan,
horizontal dimensions of the building were determined. They were used to define the scale for the printout of scans of
reproductions of architectural plans originating from the Great Illustrated Encyclopaedia. This scale enabled us to
calculate –the real dimensions of rooms located inside the building, based on a horizontal projection drawing. The
determined dimensions of the rooms were then used to recreate the plan of the ground floor with the exact
arrangement of the rooms. The fixed scale has also enabled the development of dimensions for these elements of the
building facade that can be distinguished in the figures included in the Great Illustrated Encyclopaedia, and that have
been reproduced in the 3D model.
The development of the 3D model of the Warsaw-Vienna Railway Station was divided into three steps. First, models of
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repetitive elements were developed. Based on them, in the next step, models of individual parts of buildings were
created. In the final step, parts of the building were joined in a comprehensive model of the Warsaw-Vienna Railway
Station building. The adopted repeating architectural elements were the windows, the doors, the cornices, the pillars and
the elements of the balustrade were adopted. Based on the analysis of source materials (reproductions of architectural
plans from the Great Illustrated Encyclopaedia, materials related to the Tyszkiewicz Palace in Waka and documentation
of the inventory of the former House of the Credit Society in Radom), the dimensions of individual architectural
elements were restored. The reconstructed elements were modelled using simple spatial solids or ready objects from the
free 3D software library. The last stage consisted in texturing the objects.
Decorative elements were recreated on the basis of photographs, paintings and postcards, which were only a visual
hint, without providing cartometric information. The dimensions of these elements of the model, which only raise its
aesthetic values, but are not readable from the collected materials, were determined during the work.
The 3D model was developed using the SketchUp Pro software (Google Inc., 2018). It is a commercial program
designed for 3D modelling. The advantage of the program is a free component library that provides thousands of ready
to use models. A one-year educational license was obtained for the implementation of the Warsaw-Vienna Railway
Station model.

Methods of visualisation
A spatial data base containing vector layers with the location of the railway station, the layout of its premises and the
development of the nearest space was developed to take inventory of the station elements. This database was the starting
point for connecting all visualized elements of the station, as well as the 2D visualization of the railway station and its
surroundings. On its basis, using the ArcGIS Online service (ESRI, 2018a), an interactive map and application were
developed, which are an effective tool integrating different sources of data related to the past (Brzezińska-Klusek,
Mościcka, Dębowska, 2013). The Story Map application has also been created in ArcGIS Online. It is based on a
developed interactive map. Story Map is a journey around the most important issues concerning the Warsaw-Vienna
Railway Station. In addition, the application has a reference to the 3D scene with the model of the Railway Station.
The 3D scene of the Train Station was developed using the CityEngine software (ESRI, 2018b). The CityEngine
program is an independent application, belonging to the ESRI software family (ESRI, 2018c), which provides
solutions for effective three-dimensional modelling of buildings and cities for architects, town planners, and GIS
specialists.
To visualize the station in the place where it was originally built, augmented reality (AR) (Azuma, 1997), which is
widely used in solutions dedicated to learning both space and the past (Węgrzyn, Mościcka, 2017) was used. For this
purpose, an application was developed, by means of which the user, using the camera of his mobile device with Android,
will scan the appropriate marker, which in turn results in displaying the 3D model. The marker is a part of the Warsaw
orthophotomap depicting the contemporary city centre where the station used to be located. The application has been
made available and it can be downloaded and installed on mobile device via a link, which is available in the Story Map
application. The Unity 2017.2 environment (Unity Technologies SF, 2018) with the Vuforia 6.5 overlay (PTC Inc.,
2018a) was used to develop the mobile application. Unity is an integrated development environment for creating threedimensional and two-dimensional computer games or other interactive materials, such as visualizations or animations.
The Unity program has a built-in Vuforia programming tools package that enables creating applications using
Augmented Reality technology. The package is used to recognize and track flat images and simple 3D objects (codes)
in real time. AR applications developed using Vuforia are compatible with a wide range of mobile devices, including
iPhones, iPads, Android phones and tablets.

RESULTS
3D model of the Warsaw-Vienna Railway Station
The building of the Warsaw-Vienna Train Station can be divided into the following parts: the middle part and side parts
located on its two sides, connected with the towers crowning the building, roofed courtyards. Due to the symmetrical
arrangement of the building, each of the repeating parts has been modelled once. The exception was the development of
two models for four-story towers, due to the elements of the highest storeys that distinguish them. The western tower had
a telegraph device, while the eastern had a clock dial. Each of the objects has been modelled using repeating elements.
For each of them, the method of creating the model was the same.
Modelling of the building required us to prepare a "background". The background layer was a horizontal plan of the
building with its dimensions, created at the database development stage. The next step was the development of a layer
containing the construction axes of the object, the arrangement of which was based on the reproduction of the
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architectural plan of the facade included in the Great Illustrated Encyclopaedia. With the help of simple spatial solids and
previously developed models of individual architectural elements, a model of a given part of the Warsaw-Vienna
Railway Station was created. The final phase included the creation of textures, stairs and elevations of the zero level. In
Figures 4 and 5 some parts of the 3D model are shown.

Figure 4. 3D model of the station: clock tower (source: own work)

Figure 5. 3D model of the station: main entrance (source: own work)
The final step was to "assemble" the developed models of the building's parts into a whole depicting the building of the
Warsaw-Vienna Railway Station in all its glory. For this purpose, a background layer with a plan of the building was
imported into SketchUp. Then, subsequent models constituting individual parts of the building were loaded and placed on
the corresponding places on the plan. The proper spatial reference was given to the models using a part of the Warsaw
orthophotomap with the layer containing building location, which clearly indicates its position.
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2D and 3D interactive visualisation
The Warsaw-Vienna Train Station and its surroundings are visualised on an interactive map on the ArcGIS Online. The
map presents the location of the station in relation to the current development of the area, the arrangement of the rooms
inside, the station infrastructure with the buildings and railway tracks, as well as the square and row of trees in front of
the station. By clicking on each of the station's facilities or rooms, information about the function of the room can be
received. The developed map was saved under the name "Interactive map of the Warsaw-Vienna Railway Station" and
made available public at the address: https://arcg.is/1KLiTn. On the basis of an interactive map, an application called
"Warsaw-Vienna Railway Station on the 19th Century Plan of Warsaw" was also developed. The application shows an
interactive map of the station against the background of the current situation and the Lindley Plan from the 19th century.
For this purpose, a ready template called "Story Map Swipe" was used. The selected template uses a "magnifying glass"
to display the old map and compare it with present data. The layer of Lindley's Plan was created by importing a
previously prepared mosaic consisting of the historical map of the City of Warsaw plan to the account resources on the
ArcGIS Online platform. The order in which the layers were displayed was determined using the tools that were available
while developing the application. What is important, thanks to the "magnifying glass" function the application users may
choose the area that they want to compare (Fig. 6). The application has been made publicly available on ArcGIS Online
at the address: http://arcg.is/2CKg3KB.

Figure 6. Interactive application with the "magnifying glass" tool
(source: own work in ArcGIS Online)
In order to make the 3D model of the Warsaw-Vienna Railway Station available to a wide audience, 3D scenes were
created in the CityEngine Web Viewer application (ESRI, 2018d). In order to improve the data transfer from the
SketchUp Pro software in which the 3D model was created, the individual parts of the building were exported
separately to the CityEngine program. The * .kml extension was selected as the file format for exporting. This format
transfers the geo-referenced data of objects, and also, importantly for the appearance of the model, the texture
information prepared in SketchUp Pro. Due to the complexity of models, the export of 7 parts of the building at the
same time was impossible due to the size of the model. Therefore, the authors decided to create one test scene for the
Eastern Clock Tower. The resulting scene presents a part of the 3D model of the Warsaw-Vienna Railway Station and
allows navigating the scene by moving, zooming in and out and changing the perspective, as well as adjusting the
lighting conditions according to the user’s own preferences. The scene was shared in the ArcGIS Online service at the
address: http://arcg.is/2CEhUAA.
The AR application was developed using the Vuforia Developer Portal (PTC Inc., 2018b) and the Unity environment.
For the correct location of the 3D model a test picture was used. It was a part of an orthophotomap from the map service
of the Capital City of Warsaw. The target image, which acts as a code, influences the correct functioning of the AR
application. On the Vuforia Developer Portal, after adding the image in the Vuforia Target Manager tab, it is analysed
and evaluated in terms of quality. Target images are assigned a certain number of stars (on a scale of 0 to 5), depending
on their quality. Higher scores are better because the image provides easier detection and more stable tracking, and it
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depends on the number of detectable features. The added fragment of the orthophotomap was given 5 stars, which
means that it will be very well detectable by the camera of the tracking device. The developed model was loaded into
the Unity program and placed on the plane of the test image, thus making the orientation of the model relative to the
orthophotomap (Fig. 7).

Figure 7. 3D model orientation on the present ortophotomap (source: own work)
It was assumed that the application would be dedicated for devices equipped with the Android system from version 4.4
upwards. After determining the necessary parameters, the application was tested. For this purpose, it has been saved on
a mobile device running Android 6.0. The camera of the mobile device tracks the position and orientation of the
reference image (code) in real time, and when the perspective of the viewer on the camera corresponds to the
perspective that was created in the program, a virtual object is displayed, which looks as a part of the real world. When
the camera of the device detected in its field of view a fragment of the printed orthophotomap of Warsaw, the model of
the Station appeared on the device's screen in the place of its location (Fig. 8).

Figure 8. 3D model view in mobile application (source: own work)
The application was also checked by directing the camera of the device to the laptop screen, on which the target fragment
of the Warsaw orthophotomap was displayed on a scale of 1:2000 in the map service of the City of Warsaw. The test was
carried out with a satisfactory effect. When the laptop screen appeared in the field of view, the model of the WarsawVienna Railway Station appeared on the screen of the phone. The operation of the application was also checked for the
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size of the orthophotomap recorded by the camera of the device by changing the scale on the map service and changing
the scale of the printout. Changing the print scale to a larger scale yields satisfactory results. If the scale is decreased a lot,
it depends on the camera's distance from the marker, so here the results are not synonymous with both print tests and
using the map service on the laptop screen. When a distance of 10 cm between the mobile device and the marker was
kept, the application worked when using the scale 1:4000 and larger, both by registering the marker on the printout and
on the map service. The "DworzecWiedenski3D" application has been made available on the web at:
https://drive.google.com/file/d/1SN-KCYwAQB36ZsgBM_QMjkD3n4X_hB31/view.
On the basis of previously developed products, a coherent integrated application was created in the form of Story Map.
From among the ready-made templates, the "Map Journal" project was selected. 9 scrolling sections have been
developed in the application. Each of them refers to a different issue concerning a station. Each section consists of a
main window and a panel. The main window is the place where the illustrations, the interactive map and the
application are displayed, while the pivotable panel contains text that refers to the content of the main window, as well
as the story map control tools-buttons for section switching.
The first section contains a short introduction to the topic and the presentation of a historical object, and the next is a short
calendar of the most important events in the history of the Railway Station. The third section contains a developed
interactive map that displays the vector layer "Station Building" on the background of the base map. In this way, the
location of the object was shown in relation to the current surrounding. The user navigating in the main window has the
ability to change the scale, move the map, view the content of the database in the pop-up window, and access the legend.
In the next section there is a reference to the layer showing the layout of the premises of the Railway Station and the
building itself against the background of the base map. The fifth section in the main window contains layers referring to
the nearest station space against the background of the base map, while the sixth is a reference to the application
"Warsaw-Vienna Railway Station on the 19th Century Plan of Warsaw". The next section is a reference to the developed
3D model of the Vienna Railway Station (Fig. 9). The panel contains a link that will allow the user to open the Clock
Tower model in the CityEngine Web Viewer application. The 3D scene was not placed in the main window due to the
long initialization time. After clicking on the link, the scene is loaded in a separate window, and the user can still browse
the Story Map application, waiting for the selected 3D model to be displayed. In addition, there are references to
illustrations that show selected elements of the Warsaw-Vienna Railway Station model. The next Story Map section was
devoted to the developed AR application. The user can look through the reference to the video showing how the
application works. In addition, there are references to links, through which the application "DworzecWiedenski3D" and
instructions for its installation can be downloaded. The section also contains a reference to the target image, which is a
fragment of the orthophotomap of Warsaw. The application is publicly available on ArcGIS Online at the address:
https://arcg.is/0zXPSL.

Figure 9. Scene with 3D station model in Story Map (source: own work)
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DISCUSSION AND CONCLUSION
The main question that can arise when developing the 3D model in the way described above is to ask about its accuracy.
The accuracy of the vector layers developed was undoubtedly affected by the calibration error of the Lindley plan and
the vectorization process. The accuracy of the polygon layers, which show the building of the Railway Station with the
division into parts and the arrangement of rooms inside it, is additionally influenced by measurement error and error
resulting from the method of rounding up the results. All these factors make it impossible to calculate a numerical
value, which would explicitly indicate the degree of compatibility of the developed database with the source material.
For this purpose, the law of error propagation in relation to the calibration process can be used, but it should be noted
that the overall error is additionally burdened with a number of errors referring to archival material that we do not
know, such as the error of map deformation or error of map scanning.
The criterion for the accuracy of the 3D model development determines the degree of compliance of the dimensions of
the building and its individual elements between the actual object and its model. The degree of compliance in the case
of a non-existent object can be estimated based on the analysis of source materials. It should be noted that only the
dimensions of the horizontal plane of the Warsaw-Vienna Railway Station come from a cartometrical source, i.e. from
the Lindley plan. The remaining dimensions, which were developed on the basis of figures included in the Great
Illustrated Encyclopaedia, are subject to errors in scanning, printing, measuring and estimating the scale. The adopted
dimensions very often did not result unambiguously from the measurement, but only constituted the author's
interpretation. The dimensions of the smallest decorative elements also constituted a subjective interpretation of the
authors based on materials that do not refer directly to the object being reproduced; however, they were adopted in order
to improve the aesthetic values of the modelled elements. It is therefore reasonable to assume that the accuracy analysis
could only be carried out on the dimensions of the horizontal plane of the model, which are the length and width of the
building. Other dimensions of the model, including the height of the station, the dimensions of the window recesses,
cavities of the entrance doors, balustrades, pillars, cornices and those decorative elements whose only purpose is to raise
the aesthetic value of the model should not be subject to analysis of accuracy because their dimensions were obtained by
estimation and interpretation in the course of the author’s own work.
This work attempted to reconstruct the 3D model of the Warsaw-Vienna Railway Station. Many elements were
unknown, due to the fact that the existing source materials made it impossible to unequivocally estimate the
dimensions of façade elements and their exact appearance. Nevertheless, it should be stated that it was possible to
develop a 3D model of the Railway Station, even with such limited source materials. It should be noted that the
developed 3D model contains a lot of decorative elements: pillars, balustrades, and window facade. The complexity of
the model undoubtedly influenced the size of the processed files, which encountered certain problems during
processing formats, importing into CityEngine software, creating 3D Scenes and creating AR applications, which can
be eliminated through the use of commercial, more efficient solutions
The paper also proposes a method of geovisualization of historical objects using AR technology. The AR application is
not devoid of errors. The quality of the displayed simplified 3D model should be improved, which would improve its
visual values. The advantage of the created application is the fact that it shows a non-existent object in relation to the
current space, which stimulates the user's imagination and can increase the interest in the issue.
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Abstract
The huge technological leap in recent years brought extensive possibilities of hypotheses testing in immersive virtual
environments (VE) and geovisualizations. Traditional research standards require well controlled experiments with
strict setting to bring valid data about human behaviour. Unfortunately, such experiments testify in a limited way about
complex processes of human behavior and cognition and it is not usually possible to transfer their conclusions into real
life. For various reasons, experiments are often strictly narrowed to reveal particular point, however for the price of
external and ecological validity losses. With the use of VE, people can relive authentic simulation in controlled
environment, providing ecological validity as well as huge deal of data, infinite options of experimental stimuli and
simple customization and administration. In this paper we discuss the value added to virtual reality (VR) in the matter
of ecological validity. We suggest procedures for behavioral analysis of interaction with 3D geovisualizations and
outline possible applications.

INTRODUCTION
Cartography has traditionally reflected human needs when designing and developing cartography products (Koláčný,
1968; Slocum et al., 2001; Van Elzakker & Wealands, 2007; Fabrikant et al., 2010; Staněk et al., 2010; Griffin &
Fabrikant, 2012; Popelka & Brychtová, 2013; Kubíček et al., 2017a; Svatoňová & Kolejka, 2017; Šašinka et al., 2017;
and many others). Regarding this, cartographers adopted various methods from the field of behavioral science,
especially psychology, to improve their methods and incorporate knowledge about human cognition into the process of
creating maps. Applied research point of view is also reflected. In the field of psychology, a strong research
methodology has been established during the last hundred years, which emphasised exclusively well controlled
laboratory experiments exalting internal validity at the expense of ecological dimension of extracted knowledge.
Despite all the benefits it has, such approach can offer only limited ways to help develop and evaluate cartographic
products with all its features, and usually it lacks tools needed for the applied field. It is necessary to emphasize, that
studying cognitive processes in laboratory experiments still represents state of the art in current psychology research. It
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is not possible to criticise current methodology, not bringing suggestions for further progress, so we discuss this issue
within the following text.
In this paper we summarize arguments why and how research in behavioral sciences, including mentioned
cartography/geography field, should go back to the real world phenomena issues when trying to answer questions it
considers. We argue why methodology in behavioral sciences regarding geographical issues should be enriched with
more complex methods engaging VR to better understand human behavior and interaction with cartographic products as
well as general human-environment processes. In such constellation, VR offers great platform to provide stimuli on the
one hand and it can effectively promote collection of behavioral data on the other. Finally we provide short user study
conducted on various types of devices to demonstrate functionality of application, which allows precise and at the same
time relevant data collection beyond the laboratory environment.

WHAT IS PRECISE DOESN'T NEED TO BE RELEVANT
The dispute between “precision” and “relevance” in measurement of human behavior is not a new topic. Labeled rather
as external vs. internal validity in experimental design, this contradiction has been discussed since the beginnings of
modern science era (Campbell, 1957; Campbell & Stanley, 1967). Well-controlled experimental designs can bring
precise predictions about human behavior in specific conditions, however, unfortunately it usually lacks sense of
relevance for the real life issues. Such relevance remains persistently on the spot, especially in regular everyday realworld issues which include human factors, e.g. map navigation (Svatoňová & Kolejka, 2017; Juřík et al., 2017),
wayfinding (Liao, et al., 2016; McKenzie & Klippel, 2016), crisis management (Konečný & Reinhardt, 2010; Řezník et
al., 2013) etc. One specific type of external validity is the ecological validity, which generally means the extent to
which the conclusions of specific research can be generalized to the situations in which the studied phenomenon
naturally occurs. Current research on human cognition and behavior is, especially in psychology and related fields,
usually done in particular positivist tradition with strict experimental rules and tells us very little about what the real
performance of the human would be in the physical world (this was discussed already by Brunswik, 1943). Brunswik
then described research direction in psychology as “narrow-spanning problems of artificially isolated proximal or
peripheral technicalities of mediation which are not representative of larger patterns of life”. We have to critically
reflect, that psychology reached this point, despite his prophecy. Studies conducted in real circumstances are usually
criticised in rigorous journals for potential lack of internal validity. However, great thinkers like Brunswik (1943) or
later Neisser (1976) anticipated and pointed out the limits of strict laboratory experiments. Neisser (1976) considered
artificial stimuli used in experiments distant from real world phenomena. He widely discussed the relevance of the
knowledge acquired in laboratory conditions, where he saw used stimuli as abstract, discontinuous, and only marginally
real material. Almost four decades earlier, Brunswik realised, that with the infinite number of variables in the natural
systems we can barely predict all the possible outcomes precisely and with the use of available scientific models, exact
predictions are only guesses meeting reality with some level of probability. That was the reason, why in Brunswik's
point of view, psychological science should be more likened to geography than physics (Hammond & Stewart, 2001).
And in this metaphor we can also easily demonstrate existing intersection between psychology and geography. Human
cognition has evolved and works with respect to specific environmental principles, it is shaped by the spatial rules and
natural patterns and it is environmentally reactive, as discussed below. Therefore, research which is done on maps or
currently geovisualisations, should respect basic environmental principles in the stimuli creation, which could make
conclusions derived from the study more relevant.
From this point of view, traditional methodology used in behavioral science truly is quite impractical for cartography
development and potential usability testing. Let's illustrate an example regarding map optimization. When a
cartographer wants to optimize her/his map regarding matter of - let's say - visibility of symbols, s/he needs to create
specific map symbol set. Every symbol in this set (regarding fundamental Bertin's work, 1967) may acquire specific
shape, colour, size, texture and other features (variables). When we want to reveal suggested effect of colour on
visibility, in traditional paradigm, we are allowed to manipulate only one variable (colour) and the rest of variables we
need to keep constant. But the rest of the Bertin's features, when varied, dramatically change the nature of each symbol,
regardless the colour. Since there is no unified theory speaking about mutual interactions of these various features in the
map depiction, we cannot say what sense it will make to the reader. The best option to fully explore this issue would be
to create and compare every existing combination of symbols regarding Bertin's variables. But such design is barely
possible, because it represents thousands of combinations. Not only because of too many combinations, but also
because true experiment has some other demands such as randomization (i.e. areas of interest in visual field should be
varied within tasks), which should be taken into account. What more, in real world there are phenomena, which are
mutually dependent and to some degree coexist. Also they can be equivocal, i.e. relating to couple more coexisting
phenomena. Such phenomena usually occur together, but not as a rule. In this case, any randomization is not possible,
because their interconnectivity or pattern can represent another clue for their identification. As Hammond & Stewart
(2001) wrote, “the environment is a causal texture in which different events are regularly dependent upon each other”
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… “ and because of the presence of such causal couplings actually existing in their environments, organisms come to
accept one event as a local representative for another event” (Hammond & Stewart, 2001).
Now, let's go deeper with the map optimization. Cartographers have to compromise between the size of the characters
and information richness when creating the map. Ideally, they should design characters of similar size. However, some
signs demands more space to be eloquent to reader than the other. Readability of the symbol is, like any other
parameter, valid just and only within its specific context. Even with hypothetical research design, which would fulfil all
the previous requirements, at this point, the background comes to play. Specific background (e.g. depicted terrain) also
affect how the characters are going to be perceived. Perception of the map is of holistic nature. The specific area can
lead or mislead user to specific perception or searching strategy and the content can be misinterpreted. Of course, we
can explore background and symbols set separately, but their reunification in practice wouldn't be predictable, because
it creates new, hitherto unexplored entity. And from cartographers' point of view, every terrain is almost every time
unique. To compare, psychologists usually work with abstract stimuli in their experiments, where e.g. cross
representing area of interest is just a cross. In cartography, a cross can represent hospital or a church and reader
automatically incorporate this meaning into the process of visual searching, so he potentially associate it with either
pharmacy or graveyard. A significant part of the visual/perception studies in behav. science are not considering any
context/surrounding, which hugely affect process of visual perception (Todorović, 2010). Already Brunswik argued,
that in the environment without context we cannot do such elementary thing as e.g. guessing sizes of the objects,
because our guesses rely on the relative scales defined by surrounding etc. Simply said, searching for the ball on the
rugby pitch is not equivalent to search for brown dot on the green computer screen. Regarding this, classical laboratory
experiments are very limited in the way how we can apply their conclusions to practice. Therefore, when creating
cartographic products, cartographers can rely only partially on existing research and possibly some fundamental
findings about elementary cognitive processes, but they have to immanently engage their experience and intuition.
Brunswik jointly with E.C. Tolman advocated the idea, that cognitive processes in humans developed in consonance
with their natural environment, which is possessing selective pressures (Hammond & Stewart, 2001). In the theory of
environment they considered environment a predeterminant of specific cognition. That was the reason why they
analysed environment on the first place as a “designer of thinking” and after that theorized about cognition. This was
quite opposite to what was the regular practice those times. It is necessary to say, however, that research practice
studying organisms separately from their environment persisted until these days. In this matter, Hammond & Stewart
(2001) emphasized how important is the generalization of results from behavioral sciences into real life - thus he
promoted relevance. To avoid low relevance of research conclusions, Brunswik suggested to replace sampling of
participants with a representative sampling of situations and tasks. What is here meant by ecological validity, is the
setting of the experimental environment. Natural environment provides information in probabilistic fashion (Hammond
& Stewart, 2001). Signs can be valid or misleading, some of them are clearly unequivocal signs, and similarly, one can
act various different ways to reach a specific goal. Existence of this natural 'mayhem' suggests, that experiments should
“entail more than the variation of a single sign (isolated from all other variables), nor should signs be unequivocally
related to significates; rather, they should entail probabilistic relations” (Hammond & Stewart, 2001). This lead
Brunswik to the idea of probabilistic functionalism (Hammond & Stewart, 2001) and introduction of his lens model (see
Tucker, 1964). Experiments regarding cartography or geovisualizations are usually used in practice and they need to be
designed with high level of relevance (to be functional), so their testing usually adopts applied research paradigm.
Applied research aims to test functionality of specific product in a specific context. Within applied research issues,
however, some unique qualitative phenomena very often manifest, which were not expected before (e.g. human
error/failure). Therefore, to ensure ecological validity, research setting must posses representativeness and naturalness,
it must reflect naturalistic settings of the world. Research should represent true environment to promote actor's regularbasis behaviour (Schmuckler, 2001).
Despite the criticism from the ranks of psychologists and psychometricians, for the exploration of environmental issues
(i.e. phenomena relevant in real world), scientists may find inspiration in different types of designs, which may refer to
applied research, human factors and human computer interaction problematics. For example, MacKenzie (2013)
advocates comparative evaluations approach, or looking for circumstantial relationships, which can testify about
possible causalities. Authors of this paper don't suggest that researchers should forsake existing methods in behavioral
research. However, we want to encourage researchers to consider expected outcomes of their studies and adapt research
methods emphasizing relevance of study conclusions. Even for the price of going out of the lab, real world application
demands to boost ecological aspect of the studies to maximum. The message of this paper is to promote modern tools,
especially VR, as distinctly solving problems outlined above. VR technologies, when appropriately used, can not only
increase representativeness of the experimental stimuli, but they can also compensate controlled laboratory environment
without necessity of critical trimming of the experimental context/stimuli. Especially, regarding possibility to pick up
data about whole process of human interaction with the task as discussed below, new possibilities of behavioral analysis
open. As suggested in Brunswik lens model, people create personal hypotheses, which they constantly test by
interacting with the environment and this interaction (including feedback) brings them to more or less successful action.
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In classical experiment, the incorrect answer from navigation task on map can't tell us enough about what the map
actually represent, because we don't know what led user to wrong decision. With the option of dynamical monitoring
users' actions within interface, we can easily measure specific behavioral patterns to get better insight in what leads or
misleads users in their trying.

VR AS A TOOL FOR MODERN BEHAVIORAL RESEARCH
Technological progress in VR technologies based on increasing computing power of graphics within the last 20 years
(Singer, 2013) have brought extensive possibilities for behavioral and cognitive research. Lokka & Çöltekin (2016)
mention, that e.g. in the matter of wayfinding, VR simulation can help to control unexpected situations and better
control various factors affecting observed variables. Virtual worlds are not equivalent to the reality, however some
researchers suggest there is a strong correlation between mental representations user induce from each of them
(Richardson et al., 1999). E.g. various visual aspects depicted in VR (i.e. similarly as in reality) should be better
remembered by users (Mania & Chalmers, 2001; Höffler, 2010; Borkin et al., 2013). It means that if we produce
enough realistic VE, we can in general prevent lack of ecological validity. In VR conditions, simulation of the real
environment is possible with quite high level of realism (Lin et al., 2015), movement freedom and precise tracking of
actions, however with all benefits of laboratory research (see Fig, 1; or Loomis et al., 1999). Current trends in geosciences
reflect the above mentioned arguments and e.g. Roth et al. (2017) suggested, that it is suitable to use more
complementary methods simultaneously when collecting data (e.g. VR combined with eye-tracking technologies). Roth
et al. (2017) claims that this can increase effectivity and validity and it can help to reach data of better quality. In VR,
we can present any type of stimuli to the user, dynamically modify it and at the same time observe and measure his/her
interaction with such stimuli. VR represent meaningful solution for providing satisfactory ratio of internal and external
validity during the process of hypothesis testing, which was also reflected in previous research (Kattenbeck, 2015).

Fig. 1. Tradeoff between experimental control and ecological validity (Loomis et al., 1999)
Among what was written about VR we can find various taxonomies trying to describe VR. The key components of VR
were described as (a) virtual world, (b) immersion (presence), (c) sensoric feedback and (d) interactivity (Sherman &
Craig, 2003). Some existing taxonomies reflect to what extent VR corresponds with reality (Thurman & Mattoon,
1994). Brill (1994) designated systems: Immersive first-person, Through the Window, Mirror World, Waldo World,
Chamber World, Cab Simulator Environment and Cyberspace. Jacobson (1993) distinguishes between immersive,
projected and desktop systems. Let's further discuss VR possibilities from the technology-based point of view (Fig. 2).

Immersive VR
Immersive systems are usually providing strong feeling of being there in virtual world (presence) and they can be
provided by specific kind of head-mounted display (HMD). HMD is a “helmet with glasses”, that can transfer
individual into the realistic 3-dimensional virtual space, where s/he is allowed to move freely with salient visual and
haptic feedback. Such transfer has a great potential because user can easily forget about the test situation and provide
natural patterns of behavior. HMD provide 3D vision by exposition of image separately for each eye (binocular
disparity). Due to implemented movement detectors, user is able to look around freely in a VE and immersive
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simulation including wide range of activities can be easily done. Also, combination of HMD with some treadmill
technology providing free movement in large virtual spaces can reveal important information about embodied aspects of
human cognition, about process of decision-making in real-like environment and hence it has the potential to further
promote ecological validity within experiment. Currently there are more versions of HMD commercially available.
Until now, the greatest vitality was demonstrated in Oculus Rift or HTC Vive. Both of them have satisfactory level of
visual quality and HTC Vive is enriched with room motion detector and 2 hand controllers. Its availability and
relatively small spatial and technical demands classify this device as a very promising tool for human factors issues.
Usability of this technology is however still disturbed by frequent user sickness while wearing it.

VR on large screens
VR can be easily projected on the large media screens or walls. In all these cases, the purpose is to visually surround
user with the VR to increase level of her/his presence. So called CAVE (Computer-Assisted Virtual Environment, CruzNeira et al., 1992) is a good way to reach high quality resolution and fidelity for VR applications. This setting can
provide fully immersive environment where user is not loaded with any peripheral device such as glasses or HMD.
Unfortunately, it has quite high spatial and technical demands and it is not practical for massive data collection.
Example of geographic research, using wide-screen 3D projection for VR emulation, was conducted e.g. by Špriňarová
et al. (2015) or Juřík et al. (2017)

Desktop VR
These systems including web-based systems also represent a promising tool for exploration of user performance when
interacting with geovisualizations. The great advantage of web-based systems is the possibility of mass user testing,
without the necessity of data collection in the lab. Even for the price of lower presence, desktop systems open great
possibilities for dynamical analysis of interaction patterns when using desktop applications (see for example or Kubíček
et al., 2017b).

Fig. 2. Technologies for VR (HMD - left, CAVE - middle, desktop VR application - right)
All three types of VR systems allow tracking and recording of user movement in VEs and of overall interaction. What
more, all three types of systems can be combined with another currently valuable technology - eye-tracker (e.g. Herman
et al., 2017a). Web-based systems can use the JavaScript library WebGazer.js. Another actual trend in the development
of VR technologies is the gradual interpenetration of these three above mentioned categories. For example, the web
libraries for 3D visualization (X3DOM or Three.js) can be combined with HMD technology Oculus Rift. Regarding
above mentioned arguments, we can conclude, that VR has and always will gain importance as a great evaluation tool
for behavioral analysis and it will bring great deal on the account of ecological validity.

USER STUDY
To demonstrate how desktop VR applications can be used in the mass data collection, we designed a geo-application for
easy use and with it we conducted a simple study. The main objectives of the user study were to:
•

determine if ever and with what limits it is technically possible to conduct user testing of 3D geovisualization
outside the laboratory conditions (with the use of devices which users regularly use),

•

find out what is the return rate of test which is administered remotely,

•

find out the most common hardware and software configurations that are used for further testing in these
conditions and which could be included in the data analysis as relevant factors.

We used 3DmoveR (3D Movement and Interaction Recorder), which is an application for recording user interaction
with virtual geovisualizations. It is based on combination of screen logging approach with online questionnaire
engaging practical spatial tasks. Open web technologies, like JavaScript, jQuery, WebGL and PHP, were used for
implementation of 3DmoveR. All recorded data about user interaction and responses were stored on server and could be
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later analysed. This testing tool and its variants have been used in several user studies in controlled conditions (Herman
& Stachoň, 2016; Herman et al., 2017a; and Herman et al., 2018). For the empirical part of this study 3DmoveR version
2.0 was used. The main shift (compared to the previous version) lies in replacing the X3DOM library for rendering 3D
geospatial data by the equally focused Three.js library. This change extends support for various types of devices
(mouse-controlled desktop PCs, laptops with touchpads or tablets), and across a variety of operating systems and web
browsers. In addition to better support on hardware and software, there are also other benefits of this change (e.g.
automated stimuli preparation using open source GIS – QGIS 2.18 and Qgis2threejs plug-in). Application was fully
interactive and users were allowed to move freely with 6 degrees of freedom (Fig. 3). The 3DmoveR 2.0 application is
freely available to any interested person under a BSD (Berkeley Software Distribution) license.

Fig. 3. Interactive 3D geovisualization as a stimuli in 3DmoveR 2.0 application
User study consisted of two short questionnaires and also one simple spatial task. First questionnaire was asked to be
filled in before the spatial task and it investigated basic demographic data, users' experience with maps/3D
geovisualizations, and data about hardware platform. Spatial task was set as identification task. Users were asked to
choose one of four objects placed in the terrain, which lies in the highest altitude. Part of the information was recorded
automatically (operating system, web browser, screen resolution, coordinates of movement in VE, user interaction when
solving a spatial task, and reaction time – RT). Questionnaire presented after the spatial task interviewed about potential
bugs or errors. The user test was published online (http://olli.wz.cz/webtest/3dmover2/remote_test_iccgis2018) and
shared to potential users via Facebook.

Results
Participants
We began to analyse the preliminary results approximately one week after publishing our call on Facebook. Out of 35
total attempts to fulfil the test, 30 users went through the whole testing period and completed the assignment. There
were 17 females and 18 males, age between 21 and 56 years. 4 users did not introduce their age. All participants
reported that they worked daily with PC and majority of them (94 %) worked regularly with maps. There was
distinctive variation of answers regarding their experience with 3D models, some of them work with 3D on a daily
basis, some of them reported very low experience.

Software platform and settings
Most of the users completed test on personal computer or laptop, one participant used tablet and four participants used
smartphones. This reflects operational systems used (74 % of users worked on Windows, 11% Android, 9% used
different variants of Linux and remaining 6% used macOS) and web browser (71 % Google Chrome, 14% Mozilla
Firefox, 9% different variants of Opera and remaining 6% other browsers - Internet Explorer and Safari). Screen
resolutions varied considerably, but usual screen aspect ratios were (16:9 – 57 % and 8:5 – 29%). Majority of users (94
%) used display with colour depth 24 bites.

Reaction time
We were able to record reaction time in spatial task precisely. Users answered the asked question under one minute on
average, but with quite wide variability (m=54.0s, med= 43.7s, sd = 34.2s). Users were only partially correct when
solving the task (57 % have chosen correct object “C”), 40 % of participants guessed object “D” as in the highest
altitude, which was placed almost as high as object “C”. With respect to the used hardware/software platform or any
demographic data, no pattern in terms of affecting correctness of answer or RT was observed on this small sample.
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Feedback on usage from users was very brief. All users, who completed the test (30), reported that they understood the
instructions well, only one user complained about loading speed of 3D scene. One user reported troubles with
controlling the app, and there was one user who reported problems with the layout of geovisualization on the screen,
probably because he was not able to zoom out. This user was using a touch screen device (Android 7.1, Opera mini).
We can draw conclusions, that for small mobile devices, better optimization (use so called responsive design) would be
needed.

FUTURE WORK
We tested an elementary application on small research sample to see, if it posses any potential for massive data
collection and also to test its limits and further possibilities. In this case, we chose a simple visualization and simple
task. For the future implementation, regarding above discussed issue of ecological validity, more detailed
geovisualizations are about to be tested with the particular focus on the human-device interaction process, possibly
engaging big samples of users. Data reported above are going to help us to control conditions, but not for the price of
laboratory isolation. Users would be able to perform navigational task in real environment (e.g. find particular meeting
point in the city) or to conduct an advanced spatial task, like analysing spatial distribution patterns or spatial
correlations with complex interactive 3D geovisualizations. More possibilities for customization of the application is
visualised in the Fig. 4.

Fig. 4. Further examples of possible customization of test application (for more details see Herman et al., 2017b)

CONCLUSION
Within this paper we argued why ecological validity in the research of geo-related issues should be more emphasized.
We suggested VR technologies applications as partially resolving contradictions in the matter of relevance and
precision in the research of human performance on geo-related tasks. Finally, we submitted original practical example
of the web-based VR application, on which we conducted simple user study as a demonstration of above mentioned
arguments. The application was (next to standard RT and user performance) able to bring relevant data about various
situational conditions, in which the users found themselves when they were solving the given task. This data can help
researchers to set up following studies. What’s more, applications 3DmoveR 2.0, which was applied in our user study,
can be further optimized and customized for wider use and can be applied as a low cost valid tool for massive data
collection, e.g. in navigational tasks in realistic VE.
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Abstract
In this paper, importance of cartographic models that can represent the structural divisions of populations are
presented. Cartographic models are the most efficient when the proper choices are made concerning the map’s main
subjects and format. Maps created automatically with the use of GIS systems offer the easiest solutions concerning
methods of cartographic presentation. Traditional maps present distributions of race, religion and languages.
However, sometimes these maps are not useful for structurally analysing societies and for properly evaluating potential
barriers to sustainable development within a global environment. The transformative effect of sociological and
economical inequality resulting from migration must be taken into consideration in environmental studies where
different subpopulations have developed and are living within the same territories. For these reasons, it would be
difficult to showcase inequalities resulting from migrations with the use of default methods of GIS programme. The
differences in underrepresented groups of people have been distinguished and a few quantitative characteristics have
been defined, such as indices of segregation and relative short ages in male or female populations. Given the
innovations introduced in the data processing field, combined with their accurate visual presentations, lists of
intergroup relationships can be considerably increased and shown on reliable cartographic models, as a result of
scarcity of classification methods, as well as numerous methods available in GIS programmes. The article presents
computational methodology of creating cartographic presentations basing on selected cartographic examples and
demographic data which interpret demographic studies and data.
Keywords: population, inequality, maps, GIS

INTRODUCTION
After the First World War, Polish (Romer 1916), Hungarian (Jeney 2015) and human ethnic maps were decisively used
to debate the reasonable delimitation of several European areas with each having approximately balanced national
populations. Despite intentionally not choosing the proper data or type of map (Ormeling 2000, Goemans 2000,
Borowicz 2004) apart from international data and maps (Romer 1921, Geisler 1933) the issue was raised about the
importance of models that can represent the structural divisions of populations. During the last decades of the XX
century, uncontrollable population growth has occurred in technologically and economically underdeveloped countries
(Thirlwall 2006). As a consequence, differences in living standards increased in different parts of the globe (Roser
2015). This gained the attention of governments, international organisations and scientific bodies, which were in turn
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drawn towards investigating socio-demographic processes. The transformative effect of sociological inequality was the
result of migration, and it must be taken into consideration in environmental studies where different subpopulations
have developed and are living within the same territories.
Maps present distributions of race, religion and languages (Fletcher and Gannett 1883, Emmerlich 1968, Van der
Merwe and Van der Merwe 2007, Avdeev et al. 2011). However, these are not useful for structurally analysing societies
and for properly evaluating potential barriers to sustainable development within a global environment. For these
reasons, the differences in underrepresented groups of people have been distinguished and a few quantitative
characteristics have been defined, such as indices of segregation and relative short ages in male or female populations
(Bunge 1988, Smoleński 1933, Seager, Olson 1986, Tilly 1998, Kuby, Harner and Gober 1998). Unfortunately, these
characteristics are often not present in atlases. Given the new innovations being introduced in the data processing field
combined with their accurate visual presentations, lists of intergroup relationships can be considerably increased and
shown on reliable cartographic models.

INVESTIGATIONS OF INEQUALITY WITHIN A POPULATION: MAP SYSTEMS
The rapid growth of computer cartography combined with developments in technology and geo-data collection methods
have allowed for the creation of high-quality maps concerning human environments (Srebro 2013, Government of
Canada 2016). However, some important problems are connected with human societies that cannot be adequately
illustrated using cartographic models.
New technological possibilities have caused fundamental changes in approaching thematic maps today (Yuan, Smith
and Limp 1997, Caquard and Cartwright 2014).
Instead of multifunctional maps with many distinct categories of objects or their characteristics, users prefer to use
several simple maps that address precisely determined, separate functions (Dahmann 2001, Dryer and Haspelmath
2013, Schahbasi 2014, EUROSTAT 2015). The main elements of such maps are reduced to stable, specially designated
groups,
making
it
possible
to
localise
each
thematic
element
within
a map’s content. Therefore, practically nearly complete cartography collections may be used to project thematic layers.
Many interactive systems (Losang 2011, Vondrakova et al. 2011, Schahbasi 2014, WHO 2015) with thematically
oriented data are excellent sources of information and can serve as foundations for projecting different kinds of maps.
They are also efficient tools that can enable environmental processes to be better recognised.
The Commission on Gender and Cartography in the International Cartographic Association (ICA) was founded in 1991.
It seeks to understand the importance of socio-demographic studies, particularly those related to minorities and
underrepresented groups of people. The Commission on Gender and Cartography changed its focus in 2007 to study
underrepresented groups. From 1998 to 2002, the commission prepared the Demographic Atlas - inserted Poland,
hereafter referred to as DAiP (Krzywicka-Blum, Bac-Bronowicz and Klimczak 2003). Traditional forms of the atlas
were edited during the XII General Assembly of the ICA (2003 Durban). It was presented to representatives of the
National Committees of 68 countries as an inspiration for similar future projects. The second part of the project,
Interactive System of Population Maps of Poland, Europe and the World (Krzywicka-Blum, Bac-Bronowicz and
Klimczak 2006a), was co-sponsored by the ICA and the Main Office of Geodesy and Cartography in Poland. It had
been produced in the laboratory of the Institute of Geodesy and Geoinformatics of Wroclaw University in the
Environmental and Life Sciences department from 2003 until 2008. Visual parts of the system were formed using many
sets of digital maps and graphs with different versions of basic materials. The maps were prepared using the most
popular programmes: Arc Map, MapInfo Professional and Corel Draw, which were widely accessible and affordable.
Experience in attaining the best fit for a given map’s cartographic functions allowed the authors to perfect the relevant
properties for each of the proposed solutions (Krzywicka-Blum 2003, 2005, 2006a, Krzywicka-Blum and BacBronowicz 2001, Krzywicka-Blum, Bac-Bronowicz and Klimczak 2006b, 2007). The following instances of
cartographic methodology were taken from DAiP database and, as a result, it was not necessary to update the method of
data calculation, because, as yet, those methods have not been featured in default visual GIS settings.

MAPPING INEQUALITIES WITHIN A POPULATION
General remarks
Visual models that spatially differentiate between select characteristics within given groups of people may serve as
useful aids to identify or even evaluate the range of inequalities between groups (Krzywicka-Blum, Bac-Bronowicz, and
Klimczak 2007, Moseley 2010, Gardner 2013, Schmidt, Ledermann and Gartner 2015, WHO 2015).
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From a cartographic point of view, real meaning corresponds to types of data being localised. Census data related to
populations are referred to as units of surface in official divisions. This is the prime reason to further elaborate on most
maps: so that they can present minorities or underrepresented groups using diagram or choropleth methods.
According to official census information, the quantitative characteristics of populations are distinct and vary according
to age, gender and nationality (Friendly, Sigal and Harnanansingh 2012). These data are more credible than data drawn
from various ‘representative’ researches. During proper data collection, data are based on individuals’ declarations of
sensitive information like family status, native language, racial denomination or political orientation. Fifteen features
(attributes) were distinguished to determine internal divisions, thereby dividing populations into two groups:
underrepresented groups and groups enjoying all human rights (Krzywicka-Blum 2006b). Maps that project sensitive
data should be elaborated upon by creating models with suitably selected scales.

Mapping chosen population groups
Regarding the outcome of a studied problem, when an observed population group is distinctly defined and illustrated in
a cartographic model with a spatial changeability that characterises an absolute attribute, a diagram maps with
geometrical signs situated in each of the reference units is most often used (i.e. geometrical signs with different areas or
area, linear, three-dimensional, structural diagrams). Differentiating between the dimensions of the figures according to
the values of the characteristics will reveal properties of distribution for a given group in a given territory. For example,
studies may concern the ‘underrepresented’ group of ‘women aged 60 years and over’ (i.e. women who no longer
engage in labour - DAiP). Or, in Africa, ‘school-age children who are not attending school’, may be mapped. However,
the category ‘foreigners working in Europe’ is not reliable because of existing uncertainty within the data.
The accuracy of the model depends on precisely differentiating the sizes of the reference areas. In cases of significant
diversity, the authors propose using a two-scale type model or applying a dot map (DAiP, Krzywicka-Blum, BacBronowicz and Klimczak 2006b). The choropleth model (Fig. 1) that presents the language structure of Europe consists
of two maps. The first form of presentation is a choropleth method of five equally distributed class sections presenting
the languages of Europe. In each class featured on the right side there is an open interval, while on the left side a closed
interval. In countries belonging to the A group where population exceeds 30 million, groups consisting of more than
15% of the total population are treated as majorities. For countries belonging to the B group, the majority groups should
exceed 10% of the total population. On the map, individual classes of minority groups are presented in the context of
the entire population. Additionally, compounded quantitative signatures indicate as numerator – number of minority
groups (over 100 thousand persons), and as denominator – the number of majority groups. The second form of
presentation is a cartogram presenting the language structure of the A group only.
The third map shows the structure of an A dot model for very composed groups. The authors propose to use 1% of the
total number of observed groups as the weight of the dot – f. e. 1%.
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Fig.1.The language structure of Europe
Using an atlas DAiP, this model was chosen to show ‘single parent families’ within single-family households in Poland.
This may offer the best solutions for linking absolute forms of information with relative types of information. Relative
kinds of evaluations may be realised by comparing the dots’ densities. This method is considered the best choice for
human types of visual perception and was recommended by Stanisław Uhorczak, who enhanced the usability of
equidemic models for world maps. It can also be observed that ‘equalising areas’ lead to modern anamorphic
cartodiagrams with reference area sizes that are modified according to the values of given quantitative characteristics.

Mapping relationships between groups of people
Technological developments in data processing transformed map projections. When a traditional cartographical
relationship between elements has been expressed by several signs, users can only receive decoded information from a
model corresponding to one compound characteristic in an anamorphic cartodiagram. Of course, it is possible to use
original mosaics to obtain multifaceted conclusions. Such a role is most often fulfilled by using a cartodiagram or
dasymetric mapping (Mennis 2003) that presents several subpopulations within an observed population.
Anamorphic cartodiagrams are the new form of illustration that evaluates the relationship between two absolute
characteristics. In the atlas DAiP, this form can supposedly present the number of groups aged 60 and over while also
distinguishing the number of people aged 75 and older (Fig. 2). The surface of a cartodiagram [cm2] closely determines
the size of population, resulting from the calculations of a demographic method.
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Fig. 2. Anamorphic cartodiagram of the number of groups aged 60 and over (DAiP)
Imbalances in internal structures within two partial populations may be expressed using one of the following
quantitative characteristics: indices, ratios or coefficients.

Indices
Indices correspond to the relationship between the numbers of people in two given populations. Two variants of indices
are used in this paper. The first type of index occurs when two subpopulations of a given population are observed as
being either privileged or discriminated against. This group of problems is connected with underrepresentation.
Graphical forms of cartographic models may be realised using choropleth maps or, like in American atlases (Krzywicka
2005), using pictorial signatures. These may express how many representatives of privileged subpopulations (i.e. the
male group in the atlas) fall into the discriminated category (i.e. the female group in the above mentioned atlas). The
signatures are situated within reference units. While fulfilling the ICA’s project, the authors used well-known indices
like the ‘index of females/males’ for not only whole populations living in a given territory but also for select
subpopulations. These include ‘groups at labour age’ or ‘pupils’, which increased the list of maps representing
inequalities within the observed societies. As a new index, the authors defined ‘the index of the (gender) structure of a
population’ in the following form where NF is the number of women and NM is the number of men:
N /N
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The index of the choropleth model (Fig. 3) indicates subareas of predominance for each subpopulation and areas with
equal numbers of both groups. Having comprehensible terminologies for each class enhanced the usability of the maps.
The index was presented against the background of the State of Alaska, whose territory was placed 40o to the east and
45o to the south. The territory of the State of Hawaii was also moved by 25o east and 5o north. In each class featured on
the right side there is an open interval, while on the left side a closed interval.
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Fig. 3. The United States of America: Blind individuals aged 40 and older within two racial groups
The second type of index represents relationships between select portions of the population and the whole population.
This can be used for simplified recognition, such as directing a compound question at a cross-division of the population.
Inequalities between two parts of a subpopulation within an observed population have to be overcome because they are
barriers to sustainable societal development (Smoleński 1933, Kuby, Harner and Gober 1998, Krzywicka 2005). To
solve this problem, the authors have chosen to utilise indices for a succession of purposely projected choropleth maps
that present a list of indices belonging to the second type. For example, for studies about unemployment, a number of
indices may be used, such as the number of unemployed people divided by the number of people of a Mobile Age
(MA). The next index would indicate the number of unemployed MA women. Finally, the number of unemployed MA
women with children would be considered in relation to the number of unemployed MA women. Such a succession of
maps expressly indicates a barrier for equalising men and women’s accessibility to the labour market but does not solve
childcare problems.
The method of ‘successively adding attributes’ can be applied when databases reach a suitable size. In this project
(Krzywicka-Blum, Bac-Bronowicz and Klimczak 2003, DAiP), the authors used a method for enhancing gender factors
when studying single-parent households in Poland.

Ratios
Ratios are a percentage form of indices. They are most useful for expressing the share of an observed group of people
within whole populations and also regarding properties expressed in basic numerical forms. Given the easily
comparable values related to the two temporal states’ characteristics (determining a change), they may be used as new
‘features’ in cartographic types of models. Comparing the following changes is a way to introduce a characteristic of a
given process to a map. The measurement scales of the cartograms present different kinds of ratios that ought to align
with precise data and map destinations. The authors of the ICA’s system depend on a source of derivative variables;
these indicate static and dynamic functions in maps that may be distinguished using four types of cartogram models.
•

Cartogram ‘c’ has numerically determined class borders. This indicates that the observed area is divided into
several subareas with strictly defined levels of preselected characteristics.

•

Cartogram ‘ci’ has an ordinal scale. This indicates a distribution of levels of intensity that have been defined
according to purposely generated numerical classes of verbal estimates (i.e. low, average or high).
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•

Cartogram ‘cd’ has an ordinal scale. This indicates that there are subareas where the differences between the
two levels (representing states) are positive, negative or zero, depending on the direction of the process.

•

Cartogram ‘cdi’ has an ordinal scale. This indicates that subareas are made by internally dividing areas
distinguished in ‘cd’, which vary according to several levels of intensity (Fig. 4).

In the legend of Figure 4 we used contrastive colours; the map was created in Robinson projection.

Fig.
4.
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rate
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racy
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1980–2000 as a result of a reduction in illiteracy in women

Coefficients
Coefficients are a very special group of quantitative characteristics. Among this group, the most important mapping
demographic processes may be chosen. A ‘coefficient of migration’ may be defined as the difference between the
numbers of emigrants divided by the whole population (in thousands). A choropleth or cartogram model is used to
express spatial differences due to migration.

SUMMARY
The new technical possibilities of creating different digital types of interactive thematic maps may encourage the use of
cartographic models in not only natural but also social processes. Maps that correspond to precisely determined
practical functions may serve as efficient models of spatial variability for many important features of human life.
Previous projections and accumulated cartographic knowledge need to be applied more widely in creation of standard
procedures of visualisation in the form of maps designed in GIS programmes. It is also necessary to translate
cartographic rules and procedures into cartographic language. Publications and presentations of specialists of
geoinformation visualisation emphasise the role of maps in intellectual activation of viewers, as well as development of
their intuition, imagination, emotions and aesthetic experiences. Cartographers still face the challenge of improving the
design of the interface used for creation of GIS maps in, as well as developing cartographic rules for dynamic maps,
variable topology and cartographic methods and actions guiding the interactions of map users.
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Abstract
Symbols are the main forms to illustrate graphical elements in mapping. Thus, the design of symbol library directly
affects the quality of digitalized map and geographic information acquisition efficiency using geographical information
system (GIS) software. Generally GIS software manages symbol library as different separate files. There exist various
disparities between different GIS software, each of which possesses its own cartographic features and the
corresponding symbols system. Consequently, it is commonly difficult to achieve cross-system symbol sharing for
different GIS software. Considering the current development of symbol library design, we propose a scheme for the
realization of symbol sharing between different GIS software so as to meet the commonality need for different users
with different GIS software expertness. The scheme mainly consists of two parts - unified management of symbol library
in universal database software and separate storage of graphic symbols and their related properties in different files.
Another contribution of this proposal is the independent development of symbol library that could be detached from the
development of GIS software.
Key words: cartographic symbol; cross system; graphic and attribute stored separately; symbol sharing

INTRODUCTION
Map is a kind of symbol model about spatial information. Cartographic symbol is a professional language to express the
information and content of map. It has a huge ability for expressing map not only in spatial position, size, quantity and
quality of real thing, but also in the connection, relationship and general characteristics of the specific things. The
function of cartographic symbol designing is an important part in cartographic system or geographic information
system.
In the reality world, geospatial features have many types and ways to express. In order to express the features in the
map perfectly, a complete cartographic symbol system is needed. In GIS, software has a symbol editor model to draw,
edit, store and manage the symbol. In addition, software has an independent symbol system, such as CorelDraw,
AutoCAD, ArcGIS, Arc/Info, MapInfo, and MapGIS. The normal way to store common cartographic symbol is using
the software’s symbol library. Moreover, users could make a personal symbol library to create custom symbols and
store them in the personal symbol library.
In making and managing symbols, software has several advantages and shortages. For example, CoreDraw software
uses the CSL file to manage the symbol library and has an obvious advantage in drawing. The drawing effect is good
while other software couldn’t maintain. MapGIS software provides basic symbol library which is open to users. The
users can modify the symbol in the system library and create personal symbol library named " Slib file " . ArcGIS
software has powerful function in creating and managing symbol. It provides many types symbol library. Users can
create new symbols and save them in the personal symbol library named " Style file ".
Software has several problems in common use of symbols. First of all, because software bind with their symbol library,
it is hard for users to use one symbol library in other GIS software. Secondly, due to the lack of unified standard of
symbol library’s storage format, sharing the symbols in different GIS system platforms is difficult. Additionally, the
foreign GIS software cannot consider the symbol demand in China.
Therefore, it is necessary for us to design a symbol library which is independent to any GIS system. Creating standard
symbol is also required. Consequently, we would easily share the symbol in different platforms and satisfy the demand
of users.

538

Proceedings, 7th International Conference on Cartography and GIS, 18-23 June 2018, Sozopol, Bulgaria
ISSN: 1314-0604, Eds: Bandrova T., Konečný M.

THE STRUCTURE FEATURE OF CARTOGRAPHIC SYMBOL
Symbol is a kind of abstract expression about subject, process or attribute of things. Symbols can represent size,
position, quantity, quality and distribution of things. Different symbols can reflect the relationships and general
characteristics in the whole area.
Symbol has graphic and attribute feature. Symbol’s graphic feature is the basic and the important element. It has direct
effect in map showing result. Symbol’s size, color, angle and other attributes can express scale and quantity of
geographic things and phenomenon. For a specific graphic symbol, modifying its color, size, angle, offset and other
attributes can constitute different symbols. For example, snow mountain contour line symbol is represented by the blue
solid line. The line width with 0.1ｍｍ or 0.2ｍｍ represents intermediate contour or index contour. That is to say, for
two symbols which have same graphic feature, the width is changed and the symbol representation is changed as well.
Symbols can be classified according to their geometrical characteristics into point symbols, line symbols and polygon
symbols.
Point symbol on the map is an anchor point, representing an independent position and discrete space phenomenon. Point
symbols fail to scale the sign of change. Graphic symbols are fixed, with defined anchor points and direction.
Meanwhile, graphic symbols are regular, generally constituted by the geometry, such as lines, polylines, arcs, polygons.
These basic graphic elements are called symbols of elements. Point symbols are composed of point elements
superposition.
Line symbol is a line on the map. Things are expressed by linear symbols with equal relative length or line features.
Line symbol is a semi-scale change according to the sign. There is a tangible or intangible positioning line, which can
be seen as a number of lines superimposed on the symbol (straight, dotted line, dashed line, etc.).Line symbol consists
of point elements and line elements.
Polygon symbol on the map is a diagram spot, showing a continuous spatial phenomenon, like having a continuous
distribution of natural resources, urban range. Polygon symbol is in accordance with the scale to indicate the spatial
distribution of the change of sign. There is a tangible or intangible contour. Fill pattern is generally filled by color, line
or point symbol. Polygon symbol consists of point elements, line elements and polygon elements.

THE DESIGN OF CARTOGRAPHIC SYMBOL DATABASE
Spatial information and symbol information store in different ways in cartographic software. Generally in computer
professional cartographic software, spatial information and symbol information store in the same layer. The layer has
the same symbol, which exists as an incidental attribute layer. GIS software saves the symbol information in the basic
symbol library, and the corresponding relation between the spatial data and the symbol is stored in the project file.
In the process of the symbol rendering in cartographic software, the general method is to divide the sub-types. For
example, in the expression of the "city" symbol, city could be divided into capital, provincial capital, county level,
administrative village level, according to this symbol’s attribute. Some cities are not the provincial capital, but enjoy the
provincial capital level of economic management authority. So when dividing the sub type, the object requires a
separate symbol, not simply in accordance with provincial or prefecture level symbol matching. This need is difficult to
achieve by only dividing sub-types in the cartographic software.
Therefore, considering this problem, object-oriented symbol idea which means a space object corresponding to a
symbol is proposed. The idea means using one object matches and modifies one symbol, and changes the traditional
thought of classes-oriented or subclasses. The method is to use the property to save the symbol information and spatial
information.
GIS data is divided to graphic property and attribute property. Graphic property is the most direct and most
fundamental aspect in any mapping visualization, whereas the attribute property assigns and controls the size, color,
tissue or angle of the symbol to denote the scale and feature of specific geographic object or phenomenon. For different
cartographic geographic objects that share a common property, they can serve as different symbols with modification of
the attribute properties for the same graphics. For example, thinking about property of pipeline, we could describe it
from its name, throughput, transmission speed, nature and other aspects. These features could be classified into name,
variety and characteristic. Based on the foregoing, in order to achieve the object-oriented symbol, we need to expand
the property fields and add symbolic attributes expression.
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The structure of this proposed cartographic symbol system will be organized in a spatial database manner. The
information of any symbol, whether point, line or area will have two parts, its graphic appearance and its own attribute.
In many cases, the attribute of symbol, rather than the entire symbol itself, will vary according to the corresponding
geographical information it represent. The structure of this symbol database will be designed in the following way.
First, all symbols will be categorised based on their own geometry type. Then for a certain symbol, the graphic
information and attribute will be store separately. Furthermore, three index tables will be established, one for the
graphic information, one for the attribute information, and one for the symbol information. In the last symbol index
table, in addition to normal details it may encompass, an extra field named "SymbolCode (SC)" will be created so as to
set up the linkage among all three index table. This SC would be designed as an eight digit CHAR type variable, in
which the first four-digit would denote the ID number in graphic index table and the last four-digit represents the ID
number in attribute index table. Thus, the SC variable will be deemed as a retrieval pointer in the other two tables, the
graphics and the attribute, and after the successful retrieval, a complete symbol with specific denotation will be
eventually constructed. Take the road design for example. There are national road, state/provincial road, city road, town
road and county road. Traditionally, they are stored using different line symbols in different GIS platforms.
Nevertheless, if we adopt the library system mentioned above, only one graphic information will be required to be
stored. The variation of different line symbols can be signified using different attribute information. Moreover, would
an extra road with specific function need to be created in the GIS platform, we only need to append a specific attribute
in the attribute index table and update the symbol index table for the realization of the mapping visualization of this
specific road.
Polygon Info

Polygon grahic

Polygon Attri

Line Info

Symbol Info

Line Graphic

Point Info

Point Graphic

Point Attri

Figure 1. Symbol Storage Structure
When designing the table structure of the symbol database, the fields would be designed as Blob type. The graphic and
attribute information would be stored as BLOB type in the symbol database. For instance, polygon symbol consists of
point, line and polygon elements. When storing a polygon symbol in the database, the three types of elements would be
gotten and compressed into BLOB information, and then stored in the corresponding fields in polygon graphic table. In
addition, the attribute information would be stored in polygon attribute table.
There exist several advantages of our proposed cartographic symbol system. One is the effective management and the
easy maintenance for the graphic and attributes information due to their functional and structural separation. Another
edge for this database-based system is the prominent reduction in the storage redundancy and thus an expected boost in
the efficiency during the production of any geophysical products. Last but not the least, a successful launching and
execution of this symbol system would undoubtedly pave a path for the realization of universally adopted database that
would eventually promote cross-system symbol sharing among different GIS software.

CONCLUSION
This article studies the cartographic symbol system, analyses different types of design and management in GIS software
platform, and summaries the drawbacks. We suggest that proposing as database to manage cartographic symbols and
using graphic and attribute separated storage style would make the structure of symbol system more reasonable and
reduce the redundancy of data. Meanwhile, the universal problem of symbol system would be solved. The next step is
to study and design reasonable data access interface and apply it in different GIS platforms.
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Abstract
The interactive map aims to present the Landscape architecture of Sofia as part of national cultural heritage. The
listing of the cultural and historic gardens is made by National Institute of Immovable Cultural Heritage of Bulgaria.
The development of database follows the tasks: collecting spatial and attribute data; data categorizing, presenting
photos, drawings and historical information about the parks and gardens. Historic gardens are separated in two
categories. They are listed by public importance and type of green spaces. We found some interesting facts about them
and made Cascade Story map (web app by ESRI). The aim of this work is to enhance public attention to landscape
architecture and history of the green spaces in the capital of Bulgaria.
Keywords: database, GIS, interactive map, cultural and historical heritage, landscape architecture, GIS analysis,
thematic mapping.

INTRODUCTION
In accordance with The Charter on Historic Gardens (the Florence Charter), ICOMOS, 1981 “A historic garden is an
architectural and horticultural composition of interest to the public from the historical or artistic point of view. As such,
it is to be considered as a monument... is an architectural composition whose constituents are primarily vegetal and
therefore living, which means that they are perishable and renewable. Thus its appearance reflects the perpetual balance
between the cycle of the seasons, the growth and decay of nature and the desire of the artist and craftsman to keep it
permanently unchanged... The term 'historic garden' is equally applicable to small gardens and to large parks, whether
formal or 'landscape'.”[5].
The description of Bulgarian national cultural heritage is written in the Law of National Cultural Heritage [1]. Historic
gardens are part of National immovable cultural heritage. The law refers to the way of exploitation, conservation and
restoration of the Bulgarian cultural richness. Gardens and parks with cultural, artistic and historical meaning to the
public and also declared from Minister of culture like cultural riches are listed in register managed by National Institute
of Immovable Cultural Heritage.
Moreover, there is regulation for the register of immovable cultural heritage and its way of identifying, granting status
and determining a category of immovable cultural riches from November, 2012 [4].
Interactive map (Figure 2) aims to present National cultural richness in field of landscape architecture in Sofia and to
increase public attention to the historic gardens and parks.

TYPES OF CLASSIFICATION
The following structure (Figure 1) is in accordance with the law and regulation. It is based on Regulation for the register
of immovable cultural heritage and its way of identifying, granting status and determining a category of immovable
cultural riches from November, 2012 [1, 4].
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Figure 1. Register structure map

By regulation [4], at the register they are categorized in:
•

ID - identification numbers;

•

Property - Municipal, State or Mixed;

•

Name;

•

Historical period;

•

Spatial structure;

•

Public importance - world importance, national importance, for information;

•

Threats ranking;

•

T - chh - category of maintenance and conservation as per General land use plan [3, 8].

In the list provided by National Institute of Immovable Cultural Heritage historic parks are separated in two groups by
spatial structure
•

Individual;

•

Elements of multiple monuments.

The cultural riches are also described by name, public importance and by declaration letter.
Type of green area is not described in the low or regulations but in literature [5] there are definitions as follows:
•

square - small area in urban territory used for short-term recreation;

•

urban gardens - green area between 2 and 5 ha. They are used for daily recreation;

•

park - the park is green territory with public property and bigger than 10 ha area;

•

street landscaping - linear landscape along the street.

METHODOLOGY FOR CREATING INTERACTIVE MAP OF HISTORIC GARDENS
The presented interactive maps aims to show green areas listed in register of national immovable cultural heritage in
Sofia. This register is in accordance with The Law of Cultural Heritage and it is managed by National Institute of
immovable cultural heritage. The idea is born in GIS club at University of Forestry Sofia. The authors aims to present
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interesting information about historic gardens using web app Story Maps by ESRI. The working process of database
structure include three main tasks:
•

collecting and summing-up different vector, raster and attribute data from official sources and open sources;

•

categorizing historic gardens by type and public importance;

•

presenting different photos from the history of each garden, its historical progress and its condition nowadays.

Figure 2. Interactive map. Historic gardens by type green are

Figure 3. Gardens. Cascade Story Map by EESRI [12]

Figure 4. Photo [9] and description [7] of the historic garden, Cascade Story map by ESRI
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RESULTS
The interactive map “Landscape architecture of Sofia” (Figure 3, 4) gives opportunity to analyze and compare the
development in the time. It is necessary to increase public attention to historic gardens condition and their importance in
urban design. The created interactive Story map helps to define the problems, mistakes and success in historical plan
and garden design conservation. The research should exert influence on responsible institution to pay more attention to
cultural heritage.

CONCLUSION
There are nine scientific field categories of immovable cultural heritage and the historic gardens are one of them. The
GIS environment is appropriate for management of the cultural heritage. The database structure must be in accordance
with:
•

Law for Cultural Heritage, 10.04.2009;

•

Law for Spatial Planning, 31.03.2001;

•

Regulation № 7 for spatial planning rules of different types land use, 22.12.2003;

•

Regulation №12 for register of immovable cultural heritage and its way of identifying, granting status and
determining a category of immovable cultural riches, 21.11. 2012;

•

General Land Use Plan.
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Abstract
This paper presents the work of the Research Group on Experimental Cartography at Eötvös Loránd University,
Hungary. Our goal is to create a quick and effective test method to categorize map readers according to their map
reading skills. In the presented part of our study, we created an online user test with six multi-choice questions that
tested various competences required for interpreting hypsography. During a pre-test questionnaire, we asked
demographic information of the participants for a deeper analysis. We used two tailed t-tests to find significant
differences among the participants, according to their traits. A total of 195 test subjects participated in the research.
The results show that the relative height definition, interpretation of slope direction, recognition of landforms and mapterrain association is significantly more difficult for unexperienced participants. It was concluded that questions
involving mental rotation and comparison of relative heights are more appropriate to predict the subjets’ expertise.
Keywords: experimental cartography, user testing, user oriented maps, interpretation of hypsography

INTRODUCTION
Interpretation of information on large scale maps requires numerous competences, such as sign recognition, recognition
of morphology and hypsography, sense of directions, coordinate-, distance-, and scale-reading (Muir 1985; Clarke
2003). These competences help map readers to understand the various data types found on large scale maps, such as
linear features, hydrography, land cover, hypsography, point-like objects, geographic names (Thompson 1979; Buckley
et al. 2004; Usery et al. 2009). Skills can be defined that are required for reading large scale maps. By connecting the
competences and map data types mentioned previously, these skills include the interpretation of hypsography,
interpretation of map symbols, orientation skills and mental rotation, distance and travel time estimation, interpretation
of geographic names, application of scale bar, and interpretation of topographic elements (Albert et al. 2016). User
studies, designed to understand map readers’ strengths in these skills, include the common methods of tests and surveys
(e.g., Deeb et al. 2011; Wakabayashi et al. 2013), eye tracking (e.g., Çöltekin et al. 2009; Ooms et al. 2013), thinking
aloud method (e.g., Ooms et al. 2015; Szigeti and Albert, 2015) or participant observation (e.g., Pick et al. 1995; Ito and
Sano 2011). It was found that the experience of map readers has a noteworthy effect on these skills (Guzmán et al.
2008; Ooms et al. 2013; Wakabayashi, 2013). Also, there are other factors that can affect the map reading skill, such as
the map readers’ gender (Lawton 1994), cultural background (Ito and Sano 2011), cognitive skills and memory
(Petchenik 1977; Montello 2002; Guzmán et al. 2008). However, several of the mentioned studies, and our previous
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testing experiences show that map reading is a skill that can be improved by practice, and Muir (1985) highlights that
this can be done especially at a young age.
Considering the testing methods of reading hypsography, topographic maps are the most common stimuli (Potash et al.
1978; Eley 1992; Tkacz 1998, Murakoshi and Higashi 2016). Partly based on these works Murakoshi and Higashi
(2016.) presented a research, testing four types of competences to define the hypsography interpretation skill:
recognition of landforms, line-of-sight judgement, high-low judgement and map-terrain association. They found a
significant dependency of experience of all kind of tasks. However, the experiment involved 50 map items, which
makes such a test time consuming. Albert et al. (2016) carried out a research that tested multiple map reading skills,
including the interpretation of hypsography in eight questions and four stimuli maps. Related to the interpretation of
hypsography, two skills were tested in their study, namely the definition of relative heights and interpretation of slope
directions. This condensed way of testing also revealed dependency on experience, suggesting that these skills can be
revealed based only on a few questions. However, statistically significant differences were only detected in one of the
two related questions. Based on previously mentioned studies and our experiences the here presented study aims to find
more appropriate tasks to test map reading skills related to interpreting hypsography. The results can be used to update
our existing quick-test aimed to estimate complex map reading skills.

STUDY DESIGN
For the study, we created an online test that included six questions, each regarding a different skill of hypsography
interpretation: definition of relative heights; interpretation of slope direction; recognition of landforms; line-of-sight
judgement; high-low judgement; map-terrain association. The test also included a pre-test questionnaire, to get
information about the age, gender, qualification, general map-use and hiking habits of the participants. All tasks were
multi-choice questions, each of them only had one correct answer. The sequence of the questions and the possible
answers were both randomized for the participants. Finishing the test took between five to six minutes.

Participants
A total of 195 participants’ answers were processed in the study. 63% of the participants were males, and 37% were
females. The test subjects were classified into four age groups: below 28 (28%), 29–34 (23%). 35–40 (22%) and above
41 (27%). Groups regarding map use frequency were also created. Since it was shown that the frequency of map use is
the most predictive factor regarding the proficiency of map reading (Albert et al. 2016), participants, who used maps at
least once a month on average were considered experienced map readers, and those who used maps less frequently were
considered novice map readers. The test was primarily disseminated via mailing lists, with the help of the Friends of
Nature Sport Association of Budapest. It was also propagated on Facebook and on the research group’s website.

Questions and Competences
The goal of each question was to test a specific skill required for interpreting hypsography. Each question had four
answers and an “I don’t know” option, but only one of the answers was correct. Questions Q1 and Q2 were also
evaluated in our previous study aimed to test university students (Albert et al. 2016).
Definition of relative heights (Q1): in this question, test subjects were presented with a hypsographic map with four
points indicated on it. The task was to decide the correct answer from the four statements (fig. 1.). The statements
concerned information about the relative positions of the points. The question tested how the participants interpret
relative heights of points, using the contour lines.
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Figure 1. The task for testing the definition of relative heights. Question: which
statement is correct? Possible answers: 1) Point C is the lowest; 2) Points B and D are
the same height; 3) Point D is lower than point A; 4) Point B is higher than point A.
The correct answer is given a bold font.
Interpretation of slope direction (Q2): during this task, participants had to decide the relief’s slope direction from a
hypsographic map with a stream on it. The map was intentionally not oriented to North. The answers included various
directions (fig. 2.). For this complex task, it was both required to interpret slopes using the contour lines, and to
orientate the map north, using mental rotation.

Figure 2. The task for testing the interpretation of slope direction. Question: In which
direction does the Singer Beck flow? Possible answers: 1) Northwest; 2) Southeast;
3) Southwest; 4) Northeast.
Recognition of landforms (Q3): the participants in this question were presented with a hypsographic map that contained
four lines indicating various landform features. The task was to decide which one of them indicates a valley (fig. 3.).
For this task, participants needed to understand various landform shapes displayed with contour lines.
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Figure 3. The task for testing the recognition of landforms. Question: which of the
following lines indicates a valley? Possible answers: A; B; C; D.
Line-of-sight judgement (Q4): in this task, participants were presented with a map containing a vantage point (point A),
and two other points (point 1 and 2). The task was to decide whether point 1, point 2, both, or none of them can be seen
from point A (fig. 4). This task required participants to understand the hypsography in a smaller scale than in the
previous questions. To decide whether a point is in line of sight, participants had to interpret the relations of landforms
to see that nothing is blocking the view.

Figure 4. The task for testing the line-of-sight judgement. Question: which point can
be seen from point A? Possible answers: 1) Point 1; 2) Point 2; 3) Both points; 4)
None of the points.
High-low judgement (Q5): during this task, participants had to choose the highest point out of four options on a
hypsographic map. Unlike the first questions, the answers weren’t “true or false like” statements, instead the test
subjects only had to give the name of the highest points (fig. 5). Despite the similarity, we believed that this is a simpler
task, because it only required to find the highest point on the map.
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Figure 5. The task for testing the high-low judgement. Task: choose the highest point!
Possible answers: A, B, C, D.
Map-terrain association (Q6): in this task, the participants were presented with a hypsographic map, and four pictures of
various mountains. The task was to compare the images with the map and find which one of them is shown on it (fig.
6). Participants had to create a mental connection between the “top view-like” hypsographic map, and each of the “side
view-like” photographs to find the matching pair.

Figure 6. The task for testing map-terrain association. Task: click on the mountain that is shown on
the hypsographic map! The correct answer is highlighted with green.
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RESULTS AND DISCUSSION
By comparing the rate of correct answers of each question, it is possible to compare the difficulty level of each task (fig.
7). According to the results, Q4 and Q5 were the easiest tasks for the participants in average, with rates of correct
answers of 92% and 89%. On the other hand, the two most difficult tasks were Q2 and Q6, with rates as low as 63% and
71%. Interestingly, although Q1 and Q4 were somewhat similar skills, choosing correct statements regarding relative
heights seems to be a more difficult task, than choosing the highest point on the map.

Figure 7. The total rate of correct answers gives an insight into the difficulty of each task.
We compared the results by age groups, gender and map use frequency (expertise). The goal was to find statistically
significant differences between the map user groups (Table 1.) by using two sided t-test, where significant difference
shows at p<0.05. The results of the four age groups didn’t show any noteworthy differences. This means that our study
couldn’t find any connection between age and the interpretation of hypsography, which implies that this skill doesn’t
depend on the map readers’ age.
Table 1. Proportion of correct answers by various demographic properties. Values with blue background show
significant difference from other values of the same row within the same sub-table (p<0.05).
Age Categories
0–28

29–34

35–40

Gender
41–

Male

Map Use Frequency

Female

Less than a
month

More than
a month

Relative
Heights (Q1)

84%

84%

86%

79%

85%

81%

71%

88%

Slope
Direction (Q2)

72%

68%

71%

73%

76%

63%

54%

78%

Landforms
(Q3)

74%

75%

81%

88%

82%

75%

68%

84%

Line-of-sight
(Q4)

95%

89%

81%

88%

91%

85%

91%

88%

High-low judg.
(Q5)

89%

93%

93%

92%

93%

89%

93%

91%

Map-terrain
assoc. (Q6)

70%

61%

60%

60%

66%

58%

48%

69%

Regarding genders, statistically significant differences could only be found at Q2. In this task, male participants
performed 13% better (with 76% correct answer rate) than females. This difference between the two genders may be
caused by the task’s complexity: participant simultaneously had to understand the contour lines and hypsography, while
performing mental rotation on the non-North oriented map. This result seems to verify previous studies (e.g. Lawton
1994; Albert et al. 2016) that show how mental rotation is a more difficult task for females. On the other hand, opposed
to the current results, question Q1 showed significance regarding genders, in the study mentioned prior. The different
outcome can be explained with the different target groups of the two experiments: previously we focused on university
students, while in the here presented study a more general group of people was tested.
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Even more differences can be found when comparing the results of experienced and non-experienced map readers.
There were four tasks that showed significant differences between the two groups: Q1, Q2, Q3 and Q6. The Q1
(definition of relative heights) also appeared in our previous study (Albert et al. 2016). In that experiment the same
question did not produce significant differences between the results of groups by map use frequency, although the
frequent map users performed better. This difference, similarly to the earlier one, can be caused by the different target
groups of the two studies. Comparing the result of questions related to heights of points (Q1 and Q5) we found that
experienced map readers performed almost the same at these two tasks, having slightly better results at Q5. On the other
hand, there’s a clear difference in the performance of the novice map users. While their results at Q5 was almost the
same as the experts’, they had a significantly worse performance regarding Q1. This suggests that defining relative
heights is a more difficult task for beginners than the high-low judgement, while both tasks seem to be fairly simple for
experienced map readers.
In the case of Q2, the complexity of the interpretation of slope direction appeared to be too difficult for unexperienced
participants. This result shows that similarly to females, novice users have more difficulties with tasks regarding mental
rotation, while this doesn’t seem to be a problem for experienced map readers.
During the recognition of landforms (Q3), experts also made a better performance than novices. Similarly, during the
map-terrain association (Q6), experts performed significantly better. Taking into account that map using and hiking
frequency shows a correlation with each other, it is possible that experienced map readers also have more experience in
on-field navigation. Thus, the reason for these differences could be that experienced map readers use these skills more
often than the novices.
The results imply that skills as the definition of relative heights, interpretation of slope direction, recognition of
landforms and map-terrain association can be applied to measure map readers’ skills of hypsography interpretation.
We also found a correlation between the participants’ map reading and hiking frequency. Using Pearson’s correlation,
the result shows a moderate connection between the two factors with r = 0.36 correlation coefficient, implying that
active hikers have more map reading experience than those, who hike less often than once a month.

CONCLUSION
At the Research Group on Experimental Cartography (RGEC) at Eötvös Loránd University, Hungary (for details, visit:
https://ktk.elte.hu/en) we are working on a multi-phase study to create online test that can effectively determine the map
reading skills of users. The goal of the presented study was to statistically determine which competences of
hypsography interpretation are experienced map readers better at than novice ones. To do so, we created an online test
including 6 questions, each of them measuring a specific competence: definition of relative heights, interpretation of
slope direction, recognition of landforms, line-of-sight judgement, high-low judgement and map-terrain association. All
tasks included a multi-choice question and a simplified relief map. In total, the results of 195 participants were
evaluated. The results showed 4 different competences, where significant differences can be found between the
performance of novice and experienced map readers, namely the definition of relative heights, interpretation of slope
direction, recognition of landforms and map-terrain association. This means that it is possible to draw a conclusion of a
person’s hypsography interpretation skill by testing these specific competences. Morover, we also showed that the
question Q2, used in both our previous and the here presented experiments, combining the hypsometry-reading and the
mental rotation skill is the most appropriate type of question in a quick-test to predict the map-reading skill of a user.
The results can be used for our multi-phase study at RGEC, where we aim to create a method to categorize users
according to their map reading skills in quick-tests.
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Abstract
Hungary has two separate national mapping agencies, a civil and a military. Although their tasks have been well
defined since 1996, the task allocation is practically based on the map scales. None of these authorities are providing
on-line free map services, although they sell their data. A Hungarian private company decided to integrate data from
various official sources (with the co-operation of the two national mapping agencies) and provide a frequently updated
on-line map service focusing on road network. This map service is based on official GIS data, but the visualisation of
these data is intentionally based on cartographic rules and traditions. The recent map service has been using raster
tiles since its release, but the company is considering moving to vector tiles or providing its on-line service in both
ways. It is interesting to review how the map feature data can be officially obtained and also how they guarantee the
regular updates.
Keywords: data-driven cartography, spatial data integration, automated cartography, map services, cartographic
approach, representation

INTRODUCTION
This article is focusing on describing the process and the results of creating a periodically updated, multi-scale
commercial map service based on GIS datasets from heterogeneous sources. This map of Hungary (covering 93,023
square kilometres) is currently published in the format of raster tile-sets at pre-defined map scales and made available as
web map services (TMS 1 and WMS 2). The first version of the map was released and published more than ten years ago
(2006), and although the principles of the procedures and the objectives are still the same: the company is continuously
developing the processes of map preparation and production, optimizing the graphical layout of the maps and the
supported range and variety of the output data formats, and increasing adopted standards. Being a licensed, proprietary
product of GeoX Ltd, it is shipped, utilized and installed at several governmental public organizations and agencies for
local and internal use as well as made available for public browsing. According to the data content of source datasets,
the type of the map can be referred as road map or city map at closest (including also some elements of topographic and
geographical maps, depending on the zoom level) (Schmidt, Weiser 2012).
The following chapters introduce the idea, the purpose, the positioning, the creation, the maintenance and the
development of the map design and the production. This paper is slightly related to another paper of the conference (Nr.
148), which is presented by the co-author, László Zentai.

1

https://en.wikipedia.org/wiki/Tiled_web_map; https://en.wikipedia.org/wiki/Tile_Map_Service;
http://wiki.osgeo.org/wiki/Tile_Map_Service_Specification
2
Web Map Service: http://www.opengeospatial.org/standards/wms
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Planning and preparing a private map service
Being a GIS-company, GeoX has tended to publish and visualize its spatial datasets in order to demonstrate the level of
details, correctness, preciseness, completeness, currency, utilization and value of the data. Earlier publications of the
spatial datasets did not – or could not – aim at these objectives due to the lack of appropriate and sufficient tools,
technology, knowledge, determination and purpose. The company’s main fields of business has been spatial data
collection, management and analysis at large scales, on the “level of house numbers” in the subjects of business GIS.
During its activity of more than 20 years in the spatial business, and with the help and cooperation of
governmental/public partners and agencies, GeoX has managed to build, develop and maintain the digital street network
database and the register of addresses for Hungary. This spatial dataset is primarily targeting to provide base data for
general GIS tasks like geocoding (addresses), routing and navigation, but it is also suitable for spatial analysis,
catchment area planning and analysis or districting. Besides mainly focusing and continuously collecting, surveying and
updating the street network elements, the address information and the ZIP-code areas, the dataset is also completed with
topographic elements and the features describing the administrative areas and land use acquired from the public partners
and agencies. The overall objective has been to establish a frequently updated map product and web map service as well
as design, develop and set the tasks and procedures of production and update. While the use and the characteristics of
the base datasets are primarily complied to GIS and IT tasks, particular focus has been set on the cartographic approach
of the map design and output in order to provide a clear, effective and expressive visualization. At that time there were
no other frequently updated, free on-line map services or these services were in embryonic phase (Parsons, 2007).
In this context, a map or map view is the complex visual representation of real world objects, phenomenon, and
localized information at a specific scale level. The multiscale attribute is standing for displaying and symbolizing data
in different ways in respect of the particular zoom level, but still with similar style across the range of scales, giving an
almost seamless display of the features, along with providing more accurate and more detailed information to the user
as the scale increases. Due to its functional and user-side role, the map is intended to provide geographical
“background” and the spatial relevance in the visual communications to the final users/readers and a reference for
location related information for additional spatial data (Gartner, 2013).
Web map publishing today usually performed along the following process. Base map data are managed, stored and
integrated in a spatial (usually relational) database. Map data are distributed to tables (layers) according to their content
and the conceptual category of the features. Real-world objects and phenomena are stored as geometries with additional
attributes (description of characteristics, data categories) attached to them. Utilizing and processing these datasets and
tables in GIS applications, map images or map views can be rendered from these features, based on complex sets of
rules. These rules are standing for the graphical representation of geometries and symbols, the labelling and annotation
of the geographical features and also the visual order and appearance of the features. Both current and traditional map
publication methods are following the layered data visualization approach. In practice, during the preparations and the
composition (rendering) of map images, source data are selected and organized into map layers by their theme and
particular purpose, importance and level of map scale. Subsequently, these layers are drawn in pre-defined order on
each other resulting in composed map views. The other very important aspect of map rendering is the graphical and
typographical characteristics (symbology) of the map data. Designing the map symbology, the representation of features
are organized into distinct, visually well separated, easily identifiable and recognizable representation groups regarding
the characteristics of text and graphical elements. For the general graphical design of maps, the map composition and
map visualization, the following generic and basic assumptions on the map-design principles were followed
(Veenendaal et al, 2017):
•

clarity: focus on the main purpose of the map;

•

balance: distributing elements properly;

•

contrast: highlight important elements with graphical and typographical attributes;

•

order: map elements are organized to guide the reader to accomplish the intended purpose;

•

follow the traditions and conventions of map symbology and label placement;

•

harmony: map elements to show a “natural fit”.

Other important tasks of the process are the scheduled update process and results, the production of uniform and
standardized output, the validation of results, and the feedback to source data maintenance (Jenny et al, 2008).

PREPARATION OF THE UNDERLYING DATA
Process of map production is set up and can be divided into the following steps of tasks and phases. First step was
framing the objectives against the graphical style and the technical characteristics of the map and the map images. It
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was decided to offer pre-generated, raster format map images as elements of a tile-set defined by a tiling scheme. With
the clarity of the goals the production process has been designed and set up. The initial step was the analysis and
determination of ways of utilization of the source datasets along with setting up the data integration and data
manipulation procedures. In respect of the characteristics of the source datasets and their way of use in the map
production process, a map database has been designed and set up resulting in an integrated and optimized data source
utilized for map display and rendering. Going back in 2006, when the GeoX project was released; this was the time
when GoogleMaps just started unfolding and dispersing, OpenStreetMap project was starting up, on-thy-fly (web) map
renderers (like Mapnik) were not even existing or were in a pretty immature state (Veregin, 2013 and Ingensand et al,
2016).
A GIS-application has been selected for producing the final map images. It has been declared that the application should
offer high graphical quality, large variety of symbology, should support sophisticated and complex labelling methods,
should offer tools and interfaces for automation and also should support the manipulation and the efficient management
of the source data. For this purpose, the ESRI ArcGIS Desktop application with the Maplex labelling extension has
been selected, which provides high level of capabilities and quality in output-oriented geovisualization. ArcGIS
supports setting up and saving map documents, which stand for the specific definition of the visualization and the order
of appearance of spatial data and its certain subsets. In this process it has been decided to create individual map
documents for each scale (zoom level) with specific symbology settings and visualization rules with keeping the
consequent and coherent symbology between the scales. Map documents were completed with scripts and macros
(VBA) later, creating generated features and setting the labelling properties and turning them to annotations for specific
map layers. Map tile production required software development tasks for creating a specific application utilizing the
ArcGIS components and interfaces in order to offer the batch rendering of map frames and exporting map images as
raster files. The final step of the production process is loading and utilizing the exported map tiles, feeding the data in
GIS Server applications for publishing (Figure 1-4).
Figure 1. Zoom level 16 (~1:9027)
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Figure 2. Zoom level 13 (~1:72,223)

Figure 3. Zoom level 11 (~1:288,895)

559

Proceedings, 7th International Conference on Cartography and GIS, 18-23 June 2018, Sozopol, Bulgaria
ISSN: 1314-0604, Eds: Bandrova T., Konečný M.

Figure 4. Zoom level 9 (~1:1,155,583)

Description of source datasets
The base data of the map is created from and integrated from several sources. The primary data source – and the
principal purpose of the map – is the street network, the street map of the country. This digital street map data is
originated from the DTA-50 digital map database developed and maintained by the MH Geoinformációs Szolgálat, the
national military mapping agency of Hungary. DTA-50 is the digital version of the 1:50,000 scale military topographic
map series of the country. Initially this database has been used for acquiring the initial shape and attributes of the street
network features, and for providing additional topographic framework for the integrated dataset. Later, GeoX has
continuously updated the street network data by executing field surveys and completed it with attributes describing the
address, administrative and ZIP-code information along with attaching additional information on road classes, road
numbers, type of road surface. In order to make the dataset suitable for routing and navigation purposes, traffic
regulations like speed limits, turning rules or weight limitations have also been collected and assigned to the elements
(edges) of the street network dataset. Besides the address information captured on the field, reference data is obtained,
integrated and kept updated from the National Address Register (database KEKKH) and by gathering information from
the local authorities. ZIP-code areas are updated from the address register and integrated to the description of the
districts acquired from the Magyar Posta (Hungarian Post). The DTA-50 topographic dataset is still taken as the main
topographic data source for the map in respect of the elements representing the water features, the unpaved roads,
pathways and trails, and selected features of land cover and land use. Features and information on the administrative
units, boundaries and land use (legal) are obtained from the MKH-50 database (Boundaries of administrative units)
maintained by the civil mapping agency of the country, the Budapest Főváros Kormányhivatala Földmérési,
Távérzékelési és Földhivatali Főosztály (Government Office of the Capital City of Budapest – Department of Geodesy,
Remote Sensing and Land Offices; successively FÖMI (Institute of Geodesy Cartography and Remote Sensing)
aggregated from the register on legal land property register managed by the territorial and local offices of the Hungarian
Land Administration). Additional statistical and demographic data on the administrative units are acquired and updated
from the Helységnévtár (Gazetteer of Hungary) and annual reports published by the Központi Statisztikai Hivatal
(KSH, Hungarian Central Statistical Office). All these data sources are utilized by GeoX and integrated in its spatial
products: the DSM-10 (Digital Street Map of Hungary, scale 1:10,000), and ArcHungary (General GIS database of
Hungary, scale 1:300,000) databases in harmonized structure, content and spatial reference (Figure 5).
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Figure 5. Details of the DSM-10 (Budaörs, 1:25,000)

GeoX also maintains one POI-database of the country (POIX), several categories of features (shopping, public offices,
transportation, etc.) are selected to be represented on the map. Besides KSH reports all source data is proprietary and
licensed for further processing and publication. There are no free sources from the governmental agencies (Table 1).
Table 1. Basic measurement indicators on data sources and features (1 March 2018)
Data source

Feature type
transport network
elements

DTA-50
(Military topographic
database/map of
Hungary)

MKH-50 database
(Civil National
Mapping Agency)

Hungarian Central
Statistical Office

water features
(line)
water features
(polygon)
woods
(polygon)
parks
(polygon)
industrial areas
(polygon)
other residential
areas/allotments
(polygon)
built-up/residential
areas (polygon)
Administrative units
(line/polygon)
Gazetteer
(complementary
tabular data on
administrative units
and populated places)

Number of features in
the map geodatabase
detailed at:
GeoX – roads and
railroads

Total length
(km)

Total area
(sq km)

-

-

130 981

83 759.6

-

8 631

-

643.8

7 982

-

17 573.8

12 393

-

389.7

6 6550

-

600.1

6 458

-

2 027.1

4 594

-

6 931.1

3 177

42 466.0

93 011.5

13 520

-

-
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GeoX Ltd.

OpenStreetMap

road network
(line)
rail network
(line)
rail stations
(point)
other populated places
(point)
highway
junction/interchange
(point)
House number
reference points
(point)
POI
(point; subset of POIX
database)
buildings
(polygon)

Total

-

1 207 902

248 707.7

-

33 091

14 622.7

-

1 207

-

-

211

-

-

83 594

-

-

965 092

-

505.6

5 696 956

389 556.0

121 682.7

1 814

3 149 759

Besides these data, official and authoritative data sources of additional GIS-data acquired from free and public sources
are used in the process of generating the map tiles. The SRTMv3 elevation dataset from NASA is taken as source for
rendering hill shades to represent the relief features and slope conditions. The OpenStreetMap database has also been
utilized recently, the features representing the buildings and structures are imported and integrated for high scale
display.

Setting up the map database
The data sources listed above are stored in different GIS-formats, structure and projection. Thus the preliminary step of
map production and rendering is the transformation, harmonization and optimization of the necessary and selected data
to a common map database. According to the selected ArcGIS application, all data is converted to an ArcGIS
geodatabase with the support of the ArcCatalog application. This process includes spatial transformation, manipulation,
harmonization and setting up the cross relations (both by location and attributes) of the source data along with the
production of aggregated, derived and simplified objects from the features. The data import and integration process is
executed by newly developed Python scripts and commands built on the Geoprocessing framework offered by the
ArcGIS platform. As a result, a geodatabase is created that is optimized in respect of map rendering and offers the same
real-world objects with different types of features and varying spatial preciseness and resolution for multiple scale
levels. Besides the transformation and harmonization of the source layers, there are some more advanced data
manipulations executed to improve the quality of the cartographic visualization and increase performance of rendering.
The re-classification of the street network elements is performed by using more attributes together (road class, name,
type of pavement) of the street network elements finally resulting in 38 style classes for the graphical display and 10
classes for labelling. Besides the attributes holding these values for the classes, the feature geometries are also
aggregated for some classes helping the optimized placement of labels and the rendering of features in respect of scale
level, vertical level and masking. This includes the set of main roads, the one-way streets, bridges and tunnels and the
geometries building up place-like features. Reference points for roundabouts and highway junctions/intersections are
derived from the road geometries for small scale point type display. Similar methods are applied for the elements of the
railway network. Separate sets of features are created in respect of the vertical level of the features and types regarding
the use of the railroad (city, rail, subway). A topological network of edges is created from the polygons representing the
administrative units supporting the correct display of boundary lines and the names placed along them, graphical style
classes are defined by the administrative level. Selected and aggregated sets of records and geometries are created for
the main elements of the built-up areas representing the central units of the municipalities along with reference points
for point symbol display and labelling. After the import process, clean-up and proper spatial and attribute indexing of
the tables is performed, ending up the preparations with the validation and verification of the imported data.
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Figure 6. The different representation of roundabouts in different scales (2.5 m/px–5 m/px)

Map documents
Utilizing the content and the features of the harmonized map database, map documents are created by each pre-defined
scale level. These map documents are finally standing for the definition of list and subsets of the source data tables
organized in layers in the visual order of the appearance and the particular sets of rules based on principles of
cartographic display for displaying and labelling the spatial features. Regarding the symbology and the visual styling
and layout, the appearance of the graphical and text elements, map documents are set up and designed to fulfil
cartographic requirements in the most possible aspects. Obviously, implementing this intention in practice is affected
and limited by the capabilities, the possibilities provided by the GIS application, the characteristics of the source
datasets, the available resources and the requirements set against the workflow. Each layer of the map document and
display corresponds to a certain conceptual category of real-world objects or phenomena in respect of its role and type
in cartographic visualization. In general, the map documents are built up from the ordered sequence of the following
layers for visual display (Frye, Eicher, 2003).
•

•

Labels and annotations (dynamic labels and stored annotations):
o

Names of municipalities

o

Names of other built-up areas and town districts

o

Other place names, populated places

o

Names related to elements of the transportation networks:


Road numbers and signs



Numbers and names of junctions and interchanges



Names of rail stations



Road and street names

o

Names of places

o

Names of other points of interest, labels of additional description

Elements of other man-made features:
o

Point symbols of POIs, rail stations, junctions, roundabouts

o

Boundary lines

o

Lines representing the rail network elements
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•

o

Lines representing the road network elements

o

Water features

o

Polygons of built-up areas

o

Polygons representing other land cover and land use classes (industrial zones, woods, parks)

Relief: shaded relief

Besides these common, conceptual categories there are other layers included in the map which stand for helping the
placement of labels, define areas excluded from labelling and masking features or labels for certain locations. This data
and layers are generated for each map document according to the particular scale. The process of the production of
these layers are also automated and helped by functions implemented in VBA macros attached to the map documents.
One of the main emphases on the cartographic approach applied in the production of the map series is the optimization
of the appearance of map texts. This includes the placement of map labels, the declaration of label classes
corresponding to conceptual feature types and finally, the definition of placement and typographic attributes helping the
efficient visual distinction of the annotation categories. In the current context of the GIS applications, labelling is
standing for placing map text automatically. The ArcGIS platform supplied with the Maplex extension offers a highly
customizable and sophisticated, complex tool for placing the names assigned to features on the map. Priorities, weight,
order of label classes can be managed, feature weights can be set to avoid map objects, label placement properties
(position, fitting, repetition, anchor points, stacking, and overlaps management) along with the range of typographical
attributes settings. All layers for labelling are configured individually for their specific role, and labelling settings are
set for each labelling class. In order to have more control over the results of labelling (verification, validation), to ensure
fulfilling some requirements against the text placement (e.g. names of municipalities should not be duplicated, names
should not overlap, certain types of names are required to be guaranteed to be placed at specific scales, etc.), it is
decided to follow the approach of storing the labels as annotations. In this context, it means the pre-generation of the
map labels and storing them as features (objects, geometries) in the underlying geodatabase with keeping the relation to
the referenced map features. Although this process comes with some overhead in preparation, it still saves processing
time in the batch export process. One script is controlling the generation of the annotation objects with assigning predefined parameters to each label class and manipulating the global and mutual display and placement settings in respect
of the certain class.
As an example in high scale display, polygons of the built-up areas are set as exclusion spaces for placing the
municipality names, but allowed for placing names of streets or POIs. Since this setting is only available to be defined
at global level in the map document, the script controlling the generation of annotations is manipulating this setting
accordingly for each particular label class.

The platform
The ArcGIS platform offers the feature of the management of map representations. This feature stands for assigning and
storing attributes of the visual display of certain features in respect of the attributes, the applied projection and the scale
level. These representation rules do not only support the storage of the graphical styles, but also offer to assign
modified, displaced geometries to the source features resulting in an independent and modified graphical representation
of the geometry regardless of its original location. Thus, the representation of features with modified geometries is
offered without altering the coordinates describing the source feature, finally separating the representation from the
geometry. Applying representation rules for features is not only resulting in attributes describing the graphical attributes
of the features, but the resulting representations can also be considered as spatial features. This helps creating masks for
displaced (dispersed) point symbols and analysing graphical overlaps at certain scale levels. For the current map,
representations are created for all the point type symbols drawn on the map and stored separately for each scale level.
Geometries derived from the representations of the transport network elements are used in the visualization of bridges,
overpasses and the graphical masking of the underlying symbols. Border lines are also stored and drawn as
representations, with additional masking applied for the water elements. As for transforming the labels to annotations,
representations and masking geometries are also produced executing scripts with pre-defined parameters set for each
affected layer and data source.
The source database can be considered as a template, a framework that provides the structure, the rules associated to the
datasets and the declaration of the relations between them. During the update procedure, the content of the feature
classes (data layers, data tables) are fully replaced with the data imported from the source databases. All data associated
with certain features are transposed to the newly imported features by unique identifiers or specific set of matching
attribute values. Derived elements, masks, representations and annotations are produced by each update process
individually.
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For the current geovisualization and map production workflow special generalization processes are applied.
Geometrical generalization is applied on features by simplifying their shape in respect of the scale level.
Augmentation/enlargement of symbols representing features is applied by the definition of the symbology. Selection of
features from the source conceptual categories is implemented by the definition of specific subsets of the data layers in
respect of the scale and the importance of the data content and feature types.

Scales
The content and setup of the map documents covering the range of the scales of the map series can be typified in four
scale level categories. Very large scale maps are considered and designed as types of city maps, and include scales
1:4,500–1:18,000. Since these elements are covering the largest scale of the series, these maps are containing the most
detailed, richly classified and distributed, and most complex information from the source datasets. In these scales all
available transport network elements are drawn with the most possible labels placed. The 38 style classes of the road
network elements are resulting in 18 different types of line symbols representing the features, while label classes are
covering the categories of road signs and numbers, names of main roads, street names with line label placement and
separately the names of places with the same categories and horizontal placements. Railway network features are
distributed to rail, city and subway feature categories and all stations and stops are displayed and labelled with their
names classified by the type of the stop. All built-up areas, industrial areas, buildings, parks are displayed. Water
features are displayed using the topographic data sources with aggregated data categories of rivers, lakes (polygon
shapes), streams and canals (line symbols). All administrative boundaries are drawn with line symbols in respect of the
type and level of the related unit. All the names of the municipalities, districts and populated places are labelled.
Regarding the administrative units, two types of labels are placed: first the corresponding polygon representing the main
built-up area is annotated, and in addition, the names are also placed along the border lines multiple times (if
necessary).
In very large scales, the point symbols representing the pre-defined elements of the POI database and important
buildings are also displayed and labelled with their names. Regarding the priority order of the labels, the following
order is taken: names of administrative units, names of built-up areas and populated places, rail stops, road signs and
numbers, names of main roads, place names, street names, other names and texts. Except the street names and the
names of the administrative units placed along the boundary lines, all other labels are converted and stored as
annotations in the map documents covering very large scale levels. Map documents of the largest scale levels are
organized in 48 layers and additional 87 thematic layers (sublayers) standing for the symbolization of the features, 14
layers of annotations with 52 label classes, 18 layers providing masking and helping the labelling process and 6
technical layers and tables offering additional and control data for the automated processes.
The next section of scale of the map series is the set of less large and medium scale maps, covering two types of maps:
the overview city maps (1:36,000–1:144,000) and the road maps (1:144.000–1:577,000). For the overview city maps,
shaded relief is displayed in the background of the map. The coverage information is still represented with polygon
features, but along the decreasing scale first the industrial areas and buildings with their size too small for the certain
scale are skipped for visualisation. In these scales water features are highly generalized and simplified: only the most
important features are displayed. The graphical display of boundary lines is getting more emphasis in order to provide a
clear overview of the spatial distribution and extent of the administrative units. The display of the transport network
elements is highly simplified along these scales: the representation of the detailed layout of the junctions and
roundabouts are replaced with point symbols. Supplementary and low-level features like steps, stairs, bicycle roads,
pedestrian zones are omitted, and the display of streets changes to simple line symbols and tends to help to unfold the
structure of blocks building up the cities and villages. Only labels of the municipalities and place names referring to the
representing polygons, the names and numbers of main roads and places are displayed.
The road maps (1:144,000–1:577,000) are aiming to provide the visualization of the general overview of the transport
network and administrative units of the country. Relief is still displayed with hill shading, land coverage information is
limited to forests and built-up areas are still shown with polygon geometries. It has been previously set as a requirement
that in the scale of 1:300,000, all independent municipalities should be represented with the polygon geometry of the
main settlement and also be assigned with labels. In smaller scales, where it was not possible to label all the settlements,
the display of the geometry of the built-up area is depending on whether its label was successfully created. Priority of
the display and labelling follows the administrative function and the population of the municipalities. Boundary lines
are more simplified in these scales, and only higher level units (the capital, the counties and regions) are displayed. The
visualization of the transport network elements are restricted to the features of the elements of the countrywide road and
rail network with all settlements connected (this is also an important element of the cartographic approach). Labelling
covers the road and rail signs and numbers. In these scales, map documents are becoming less complex, and certainly
hold and display fewer features. Map document of the 1:300,000 scale contains 35 layers with 52 thematic layers, 8
layers of annotations with 20 label classes, and 14 technical and masking layers. In the smallest scales, covering the
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range of 1:1,155,000–1:4,622,000 the main objective is to display a clear overview of the top elements of the
transportation network and the administrative structure. Representation of the municipalities are changed to point
symbols, areas are only displayed for the cities with high population or spatial extent. Labelling covers the county seats.
Road network is drawn highly simplified and limited only to the features of the highways, motorways, first and
secondary class main roads and displayed with single line symbols.

PRODUCTION OF THE MAP: CREATING THE MAP TILES
Map tiles generation is the most time consuming part of the map update process. Taking into account the scale levels,
the spatial coverage and, as a consequence, the number of the output map tiles, the map tile generation process should
be automated. In order to help tile generation, a desktop application has been developed built on the ArcGIS .NET
SDK. The application is capable of opening one map document and by “stepping” through square and adjacent map
frames (spatial extents) in conjunction with the tiling scheme of the resulting tile-set, on the corresponding scale level of
the map document, it renders the map view and exports it to raster files. Output files are two-fold: besides the 256x256
pixel size PNG-format bitmaps applicable for the tiled map services, there are high resolution, merged outputs of
multiple neighbouring tiles also created. Although most of the features of the source datasets are stored in the
Hungarian EOV projection (Uniform National Projection system) and coordinate system, the projection of the
underlying geodatabase and the output tiles is the WebMercator projection. The output files can be handled in map
server applications for high resolution display and seamless scaling. Tiles for the highest scale are processed in 72 to 96
hours for the whole country, while the entire tile-set requires about six days of processing. The range of utilization of
the output map tiles is quite wide. Since both the dimensions, the format and the naming of the files are following the
TMS standards (Tile Map Service naming scheme), common web mapping frameworks are capable of utilizing the map
series by default (e.g. OpenLayers, Leaflet). The high resolution merged map tiles are completed with world files and
projection information, which allows their adequate display in GIS applications and map server applications. The map
series is updated quarterly. The overall map update process starting with receiving the source datasets and ended with
publishing the output raster tiles is taking 7 to 8 days (Table 2).
Table 2. Number and file size of produced map tiles.
TMS zoom level
17
16
15
14
13
12
11
10
9
8
7
6
Total

Number of map tiles
2 153 982
553 335
142 149
46 134
13 738
3 523
900
350
150
36
8
3
2 914 310

Size (MB)
4 841
2 680
1 493
604
208
56.86
18.67
5.31
1.27
0.32
0.12
0.09
9908.6

Publication
Along with output formats and files the map series is published in several ways. The most obvious method of
publication is making the output tiles corresponding to the TMS standard available in web services: 256x256 pixel size,
24 bit, 96 dpi PNG raster images (map tiles) are produced and finally offered in a web resource. High resolution map
tiles are published in Geoserver, a web mapping server application. Geoserver implements the most prevalent web
mapping standards and conforms to the OGC standards of WMS and WFS. The application is able to manage a tiled set
raster file as a virtual mosaic and on receiving request about a certain set of map tiles on any extent and scale it
responds with a merged view of the map tiles. This general service of the private company is available for the public
use and special, customised services are generally based on this cartographic representation, but the visualisation can be
different for other services: https://terkep.geox.hu.
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FUTURE/DEVELOPMENT
The company plans to develop further the map database aiming at converting it into a cartographic database and
utilising its content and features as a source for other publication methods like vector tiles (Fugure 7). Advanced,
complex generalisation methods are to be implemented along with their automation. The plan also includes extending
the content with more data sources as well as migrating features form the Corine Land Cover and OpenStreetMap
databases.
Figure 7. The screenshot of the vector-based on-line map service of GeoX

CONCLUSION
The current map product offers an adequate and consequent visualization of the map datasets maintained and offered in
other products of the company and also stands as the most efficient content for demonstrating the value and the
utilization of the products and services developed by GeoX. Regarding the map production process, developments have
been continuously implemented both in optimizing and automating the import procedures, the symbology, the labelling
rules and the efficiency in the map documents, and the adaptation of the outputs to necessary standards.
In the beginning (twelve years ago), at the invention of the idea of creating a private map service, the question was if it
were possible to deliver the results with respectable and correct information using realistic and reasonable amount of
human and time resources. By today, the current map has already been a standalone product of the company. Specific
versions (with varying content and symbology) are designed and produced for several clients and the generated map
data is re-used and served as supplementary data in our base GIS datasets.

567

Proceedings, 7th International Conference on Cartography and GIS, 18-23 June 2018, Sozopol, Bulgaria
ISSN: 1314-0604, Eds: Bandrova T., Konečný M.

REFERENCES
Frye Ch, Eicher CL (2003): Modelling Active Database-Driven Cartography Within GIS Databases. 21st ICA Conference
Proceedings, Durban
Gartner G (2013): The Relevance of Cartography. http://www.esri.com/esri-news/arcnews/winter1314articles/the-relevance-ofcartography
Ingensand J, Nappez MM, Cedric-Gasser L, Ertz O, Composto S (2016): Implementation of tiled vector services: A case study.
Proceedings of the Workshop on Spatial Data on the Web, Montreal, Canada. http://ceur-ws.org/Vol-1777/paper4.pdf
Jenny B, Jenny H, Räber S (2008): Map design for the Internet,
https://pdfs.semanticscholar.org/ff58/684de00c3a3443798cedaf0094107eb70031.pdf
Parsons E (2007): Cartographic vision. https://www.slideshare.net/eparsons/cartographic-vision
Schmidt M, Weiser P (2012): Development and Trends, In Peterson M (ed.): Online Maps with APIs and WebServices, Springer,
https://doi.org/10.1007/978-3-642-27485-5, https://publik.tuwien.ac.at/files/PubDat_209765.pdf
Veenendaal B, Brovelli MA, Songnian L (2017): Review of Web Mapping: Eras, Trends and Directions.
http://www.mdpi.com/2220-9964/6/10/317/pdf
Veregin, Howard (2013): Data-driven Maps take Cartography a step forward Part I. https://www.sco.wisc.edu/2013/02/07/datadriven-maps-take-cartography-a-step-forward/
Veregin, Howard (2013): Data-driven Maps take Cartography a step forward Part II. https://www.sco.wisc.edu/2013/04/03/datadriven-maps-take-cartography-a-step-80 forward-part-ii/

BIOGRAPHY
Gábor NYŐGÉRI
MSc in Cartography and Geoinformatics, 2018, ELTE Eötvös Loránd University, Budapest, has been
employed at GeoX Ltd. since 2004. Main tasks are publishing and visualizing spatial data, designing
and implementing specific initial (and background) spatial databases for different projects and goals,
automation issues of data-processing. Having wide experience in data-modelling, data-analysing,
data-visualization, map production and using a wide range of data-source-types and GIS-applications.
Responsible for designing, building and maintaining map services of the company.
László ZENTAI
Department of Cartography and Geoinformatics, ELTE Eötvös Loránd University, Budapest. Full
professor of cartography. Secretary-General of the International Cartographic Association (2011–),
Vice-Rector of ELTE Eötvös Loránd University (2007–2010; 2017–), Council member of the
International Orienteering Federation (2006–), Head of the Department of Cartography and
Geoinformatics (2005–). Teaching areas: computer cartography, webmapping, topographic maps,
relief representation.

568

Proceedings, 7th International Conference on Cartography and GIS, 18-23 June 2018, Sozopol, Bulgaria
ISSN: 1314-0604, Eds: Bandrova T., Konečný M.

ALGORITHMIC IMPLEMENTATION OF THE TRIANGLE TEST
FOR THE VALIDATION OF CHARTED SOUNDINGS
Christos Kastrisios1 and Brian Calder2
1

Ph.D., Christos, Kastrisios
University of New Hampshire,
Center for Coastal & Ocean Mapping/NOAA-UNH Joint Hydrographic Center
24 Colovos Road, Durham, NH, 03824, USA
Tel: +1-603-862-0618, Fax: +1-603-862-0839, Christos.Kastrisios@unh.edu

2

Ph.D., Brian, Calder
University of New Hampshire,
Center for Coastal & Ocean Mapping/NOAA-UNH Joint Hydrographic Center
24 Colovos Road, Durham, NH, 03824, USA
Tel: +1-603-862-0526, Fax: +1-603-862-0839, brc@ccom.unh.edu

Abstract
The selection of soundings to be shown on nautical charts is one of the most important and complicated tasks in
nautical cartography. From the vast number of source soundings the cartographer is called to select all those important
for the safety of navigation and to verify the “shoal biased” pattern of selection against the source soundings. A longterm goal of the cartographic community has been the automation of the tasks involved in nautical chart production,
including that of the selection and validation of charted soundings. With the aim to contribute to that effort, this paper
presents an implementation of the triangle test for the automated validation of selected soundings which has improved
performance on the detection of shoals near depth curves and coastlines.
Keywords: Sounding selection, Data generalization, Nautical cartography, Computer cartography, Analytical
cartography, Delaunay triangulation.

INTRODUCTION
The nautical chart “is a special-purpose map specifically designed to meet the requirements of marine navigation,
showing depths of water, nature of bottom, elevations, configuration and characteristics of coast, dangers and aids to
navigation” (IHO, 1994). The nautical chart is one of the fundamental tools in navigation used by mariners to plan and
safely execute voyages. Due to its importance in navigation, the charts for the intended voyage are a mandatory carriage
requirement (IMO, 2000) for compliance with Chapter V of the convention for the Safety of Life at Sea (SOLAS).
Charts are issued by the authorized national hydrographic office (or other relevant government institution) supported by
the standards published by the International Hydrographic Organization (IHO).
The nautical chart, as with every other map product regardless of how detailed it is, is an abstract representation of the
real world. The selection of features for inclusion on charts and their representation is driven by the purpose and the
scale of the chart (e.g., berthing, approach, coastal). Two of the most important features always shown on charts are
those of depth curves and soundings which are used for the representation of the submarine relief.
The charted depth curves and soundings are derived from a more detailed dataset, either the survey data or a larger scale
chart, with generalization. The cartographer generates the depth curves by generalizing the depth contours delineated on
the source data, and then selects the soundings that complement the generalized curves in maintaining and emphasizing
the morphological details and characteristic features of the seafloor. The final step is the validation of the “shoal biased”
pattern of selection which is achieved with the “triangular method of selection”, where (IHO, 2017):
1. No actual sounding (hereinafter: source sounding) exists within a triangle of selected soundings which is less
than the least of any of the soundings defining the edges of the triangle (hereinafter: triangle test); and
2. No source sounding exists between two adjacent selected soundings forming an edge of the triangle which is
less than the lesser of the two selected soundings (hereinafter: edge test).
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To perform the above tests, the cartographer typically generates a network of non-overlapping triangles for the set of
selected soundings, i.e., a Triangulated Irregular Network (TIN). There are many ways for generating a TIN from a set
of planar points, however it makes more sense for the cartographer -and the mariner, who mentally performs the
triangulation in order to interpolate depths in the area- to form triangles from near rather than distant soundings and to
refrain from creating “skinny” triangles. Clearly, paraphrasing Tobler’s first law of geography (Tobler, 1970), near
soundings are more related than distant soundings and that must be taken into consideration for the triangulation. The
triangulation that reduces skinny triangles is that described by Delaunay (1934) characterized by the empty circle
criterion. Another advantage of Delaunay triangulation is that the topology of the triangulation is unique for a given set
of generating points, with the exception of degeneracy which occurs in the presence of four or more co-circular points.
The selection and validation of charted soundings is a process tedious, time consuming and prone to human error. To
date, many advances have been made towards the automation of those and other generalization tasks (e.g., Zoraster and
Bayer, 1992; Tsoulos and Stefanakis, 1997; Du et al., 2001; Zhang and Guilbert, 2011; Wilson et al., 2016; SCALGO,
2017). These efforts have significantly improved the cartographers’ work and have transitioned nautical charting from a
manual to a semi-automated process consisting of tools that require some level of human involvement. For some of the
generalization tasks involved in nautical cartography it is questionable whether automation can replace human thought
processes (see e.g., Ungvári et al., 2013), but concerning the validation of selected soundings a fully automated solution
seems feasible.
In the context of a developing project that includes the study of features portrayed on published nautical charts and the
software implementation of long-standing cartographic practices of hydrographic offices, this paper presents an
algorithmic implementation of the triangle test for the validation of selected soundings. For the triangulation and the
validation process, the proposed implementation incorporates the entirety of the available bathymetric information
which, as this paper presents in the following sections, results in increased performance near and within depth curves
and coastlines.

IMPLEMENTATION & RESULTS
This Section presents the algorithmic implementation of the triangle test in the Python programming language utiling
the computational geometry structures of Delaunay triangulation and its dual the Voronoi diagram. For the evaluation of
the proposed solution a case study is used with data provided by the NOAA/Office of Coast Survey covering an area of
58km2. The dataset comprises of 407 selected soundings for validation, 175 closed and floating depth curves and
coastlines, and 28,516 source soundings (it is noted that modifications have been made to the latter so that the various
cases described within this section can be examined).
1. Import the selected soundings and the features that will be used for the validation (Figure 1). In detail:
a.

The selected soundings to be validated.

b.

The linear features that are used for the representation of the bottom configuration and the adjacent coastal
areas, e.g., depth curves and coastlines (hereinafter: curves).

c.

The source soundings.

2. Determine the succession of depth curves in the area for later use. For the dataset of step (1b) the succession of
curves is 0m, 5.4m, 9.1m, 18.2m, 91.4m, and 182.8m (it is noted that these values are the metric equivalent
with decimeter precision of the charted curves in US standard units, i.e., 0ft, 18ft, 30ft, 60ft, 300ft, and 600ft).
3.

Extract the vertices forming the curves of (1b). The extracted vertices must inherit the depth and id information
of their curve of origin.

4. Merge vertices of step (3) with the selected soundings of (1a). The resulting point features dataset constitutes
the set of generators for the Delaunay and Voronoi tessellations.
5. Generate the Delaunay triangulation for the set of generators (Figure 1).
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Figure 1: The input features and the Delaunay triangulation for the set of selected soundings and the vertices
forming the depth curves and coastlines.
6. Select the Delaunay triangles that contain source soundings (the purpose of this step is to reduce the number of
spatial queries in the following steps).
7. Iterate through the subset of Delaunay triangles and for each triangle Di do the following:
a.

Select the source soundings within Di (Figure 2).

b.

Compare the depth of the selected survey soundings to the least depth value dmin of the three generators
(i.e., the three Delaunay vertices) of Di (e.g., in the case of the triangle of Figure 2, dmin = 66.3m). When a
source sounding si is shoaler than dmin, examine the id of the curve of origin for the three Delaunay
vertices of the Di:
(1)

If all three vertices do not have the same id of origin (i.e., they do not comprise part of the same
curve), si is shoaler than what the mariner would expect by interpolating the depth information in
the area and, therefore, si is stored in a dataset containing the confirmed shoals (hereinafter: flags).
For example, the soundings 56.7m and 61.8m are two confirmed flags (these are shown in red in
Figure 2).

(2)

If all three vertices have the same id of origin (i.e., they comprise part of the same curve), the
triangle Di is “flat” and further investigation is required to determine whether si is an actual flag
(hereinafter: candidate flag). It is noted that a triangle is “flat” when all three vertices defining the
triangle have the same depth value but within the context of this work the term is used specifically
for the triangles generated by vertices extracted from the same curve. As shown in Figure 3, flat
triangles can be generated on both sides of a curve; soundings within triangles on the shallowwater side of a curve (cyan “SW” area in Figure 3) are expected to be shoaler than the depth value
of the curve (but may also be deeper), whereas soundings on its deep-water side (yellow “DW”
area) must only be deeper. The source sounding si, along with the id of curve of origin, is stored in
a dataset containing candidate flags.
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Figure 2: Within each triangle, the triangle test identifies the source soundings that are shoaler than
what the mariner would expect by interpolating the depth values of the three vertices defining the
triangle.

Figure 3: Shoal soundings within flat triangles require further investigation in terms of their location
relatively to the curve before characterizing them as actual flags.
8. Generate the Voronoi diagram for the set of generators of step (4). The resulting Voronoi polygons will be
used for the evaluation of candidate flags found in step [7b(2)].
9. Split Voronoi polygons by the polylines of step (1b). After splitting the Voronoi polygons generated in step
(8), polygons on one side of a curve can be selected and the location of the candidate flags of step [7b(2)]
relative to the curve can be examined.
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10. Evaluate the candidate flags of step [7b(2)] for their position relative to the curves that generated the flat
triangles. The candidate soundings on the shallow-water side of the polyline are, as previously explained,
expected to be shoaler than the curves’s assigned depth value and will not be flagged, whereas those on the
deep-water side of the curve will be flagged. In detail, for each id of curve in the list of candidate flags, the
algorithm performs the following:
a.

Select the split Voronoi polygons of step (9) on the shallow-water side of the corresponding curve.

b.

Select the candidate soundings within the selected Voronoi polygons. Remove the soundings in the
selection from the list of candidate flags, except those shoaler than the depth of the next shoaler polyline
in the chart [based on the succession of depth curves determined in step (4)]. These soundings indicate a
discontinuity of the succession of depth curves in the area and must be brought to the attention of the user
for the digitization of the respective curve. Figure 4 illustrates the results of the validation for the flat
triangles of Figure 3. The candidate soundings in grey color are not flags, the one in red (17.5m) is located
on the wrong side of the curve and therefore is flagged, whereas the sounding in orange (8.6m) is located
on the shallow-water side of the curve but, due to the absence of a depth curve 9.1m surrounding it,
constitutes a warning for the cartographer.

Figure 4: A confirmed flag (17.5m) on the deep-water side of a curve and a warning on the shallow-water
side of it (8.6m) The sounding 8.6m is returned as “warning” to the user due to the absence of a contour
9.1m surrounding the sounding.
11. For the remaining candidate flag soundings (if any), the procedure described in step (10) is repeated, but,
instead of the Voronooi polygons, the Delaunay triangles generated in step (5) are now utilized. With the
Voronoi approach described in step (10) candidate flags on the shallow-water side of the curve under
investigation but not within the Voronoi polygons generated by that curve (thus within the Voronoi polygon of
a selected sounding) would not be selected and evaluated. With the completion of this step, all candidate flags
of step [7b(2)] will have been evaluated.
12. Export results, i.e., the source soundings that are shoaler than what the mariner would expect with interpolating
the bathymetric information in the area (i.e., confirmed flags) and the warning soundings which imply the
discontinuity of depth curves in the area (Figure 5).
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Figure 5: The confirmed flags and warning for the study area.

DISCUSSION & FUTURE WORK
•

The direction of the curves constitutes a constraint for the current implementation. More prescisely, it is
assumed that curves have been digitized so that the deep water lies on the left side of the curves in traversal
order and the shallow water (or land) on the right side. The direction of the digitization is important for the
distinction between deep-water and shallow-water in the evaluation of candidate flags. However, in future
implementation the direction of each curve will be determined prior to the evaluation of candidate soundings
and will no longer constitute a constraint.

•

With incorporating the entirety of the available bathymetric information, as this is derived from the selected
soundings and the vertices forming the depth curves and coastlines, the soundings shoaler than what the
mariner would expect and the soundings indicating the discontinuity of depth curves in the area are succesfully
identified and flagged (Figure 5). Moreover, as illustrated in Figure 6, the current implementation eliminates
false errors near and within curves which would be found utilizing the selected soundings only (Figure 6a) or
the selected soundings and part of the bathymetric information from curves (Figure 6b). However, the
evaluation of selected and source soundings near the limits of the area in question remains unsatisfactory. In
future work, the charted soundings from the adjoining charts will be used for the evaluation and validation of
the selected soundings in the studied area.
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Figure 6: (a) The triangle test using only the selected soundings for the triangulation, (b) The triangle test with
incorporating part of the bathymetric information from contours, and (c) the proposed implementation which
incorporates all the available bathymetric information from the selected soundings, depth curves, and coastlines.
•

As described in the Introduction, a shoal biased pattern of soundings selection is achieved through the triangle
and edge tests. The implementation of the edge test and other validation tests that are necessary to achieve the
overarching principle that no depths shoaler than the mariner would expect by interpolating the depth in any
position from the charted soundings and curves, will be considered in the future.

CONCLUSION
This paper presented the implementation of the triangle test for the validation of the soundings selected by the
cartographer to be shown on the nautical chart. For the triangulation, besides the selected soundings, the vertices
forming the depth curves and coastlines in the area are utilized. By incorporating the bathymetric information from the
depth curves and coastlines, the proposed solution detects shoals and eliminates false positives near and within curves,
thereby increasing significantly the areas that are automatically validated. Lastly, this paper discussed the constrains of
the current implementation and the way forward towards a fully automated solution for the validation of soundings
including the areas near the limits of the surveyed area.
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Abstract
The Viti municipality is located in south-eastern part of Kosova, known as Anamorava region, with 297km2 area. Its
spatial planning is under the responsibilities of the municipality of Viti, which is mainly related to the National Spatial
Plan of the Republic of Kosova, as well national law for Spatial Planning (no.04/L-174) and regulations
(administrative instructions) for implementation of spatial and urban plans.
In central-national level, Spatial Plan of Kosova and spatial plans for protected special areas are defined to be
developed by the Agency for spatial planning under the Ministry of environment and spatial planning, so the
municipalities are responsible for developing spatial plans in three levels: Municipal Developing Plan, Urban
Developing Plan, and Urban Regulatory Plan.
In the municipality of Viti, official spatial plans of three levels are prepared and are in everyday usage by the
municipality and other stakeholders. Three databases have been developed in digital form; however they were nonstandardized, non-harmonized and non-integrated between them.
Urban Regulatory Plan consist 12 layers, Urban Developing Plan consist of 18 layers, and Municipal Developing Plan
consist 55 layers. Although three databases have been developed and managed by the same municipality, different
standards and platforms have been used for their establishing. Urban Regulatory Plan and Urban Developing Plan
were originally developed in Geodatabase (*mdb) format in ArcGIS, while the Municipal Developing Plan consist
separate layers as shape (*.shp) files.
During research, three databases have been restructured in order to establish the SDI for municipality spatial planning
purposes. The INSPIRE was used as basic platform, which was extended based on the specific layers of three data sets.
At the end, restructured data sets are fully harmonized, fully interoperability and completely standardized by the same
rules.
For the research purposes, FOSS have been used. For desktop purposes QGIS software has been used, for databases
storage PostGIS was used, while the GeoServer has been used for establishing of web platform.

Keywords: Multi-scale map, spatial planning, Viti municipality, harmonizing, interoperability, INSPIRE.

INTRODUCTION
Developing multi-scale map for the purpose of data integration and interoperability between different databases is one
of main challenges toward sustainable decision making process related to spatial phenomena. Spatial planning in
several levels request fully interoperable and harmonized datasets, in order decisions based on spatial analyses to be
performed by using complex models of mutual relationships between spatial phenomena planned-projected in different
spatial plans for the same territory.
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Multi-scale maps are dynamic maps that display data in different ways across a range of scales, to ensure visual
continuity at all scales. Multi-scale maps are most effective when they approach a near-seamless depiction of data over
a wide variety of scales. The aim is subtle changes to feature density across scales to avoid distraction from the map's
content and overall message (www.pro.arcgis.com). The need for multi-scale representation arises when designing
methods for automatically analyzing and deriving information from real-world measurements (Lindeberg 1997).
The performed research is linked to multi-scale mapping of the spatial plans of Viti municipality, by creating variable
thematic scale maps with data pertaining to separate data sets of spatial plans in three different levels. Through this
research, the current state of spatial planning in the municipality will unveil through multi-scale map, aimed to give
significant contribution to the development of spatial and urban planning by implementing of GeoICT in the
municipality. The intention of the paper is having direct influence on the standardization of spatial data structure and
infrastructure for spatial and urban planning of the municipality of Viti. Data structuring have been achieved by
mathematical and conceptual reformatting of the input data, included in an integrated geospatial database.
Main goals of research are:
-

Harmonizing of spatial information coming for different levels of spatial/urban plans,
Developing unified database with full interoperability of data from many spatial/urban plans,
Geovisualisation of spatial data for spatial/urban plans,
Compilation of multi-scale map with integrated data from three levels of spatial/urban plans,
Generation of thematic maps with contents from spatial plans,
Use of GIS technology for geospatial analysis for spatial and urban planning,
Creating system which will enable dynamic analyses of geodata from different levels of spatial plans, and
Establishing the GeoICT system for planning and sustainable development of the municipality.

MUNICIPALITY OF VITI IN KOSOVA
Anamorava is the geographic region that lies to southeastern part of the Republic of Kosova, identified with the Morava
River (Idrizi and Basha Halili, 2016). Municipality of Viti with 297km2 area, lies in the southeast of the Republic of
Kosovo, and in the central part of the Upper Moravian hillsides through the river Morava e Binçës. In the northeast is
bordered with the municipality of Gjilan, in the west with the municipality of Ferizaj, in the southwest with the
municipality of Kacanik and completely in the southeast is bordered by the Republic of Macedonia (kk.rksgov.net/viti).
Its geographical position has made it possible to have good connection with other population centers and regions in
Kosovo and beyond the national border, in which the important regional and international roads are crossed. It contains
42 settlements and a city of Viti, from which 89.9% are rural and 10.1% are urban areas, in altitude range between
500m and 1490m. In figure 1 the position of municipality of Viti within the Republic of Kosova is given, so in figure 2
the population centers and road network with satellite image in background are shown.
The municipality of Viti in 1455 had 104 family houses and 18,801 inhabitants, administratively as part of the Gjilan
District. Vitia is transformed into the municipality itself, after the districts are dissolved in 1959.
According to the latest census of Kosovo population in 2011, there are 46,987 inhabitants living in the Municipality of
Viti. In the Vitia municipality has continuously increased the number of population. According to the census data of
1948 comes that in the Municipality of Vitia there were 27308 inhabitants, while according to the last census of 2011 it
had 46.987, which means that from 1948 to 2011 Vitia's population has increased to about 19.679 inhabitants.
Given basic information for the Vitia municipality shows clearly that the urban and spatial planning process are very
important for its sustainable development.
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Figure 1. Position of the Viti municipality within the
Republic of Kosova (Sulejmani 2016)

Figure 2. Population centers and road network of the
Viti municipality (kk.rks-gov.net/viti)

SPATIAL PLANNING SYSTEM IN THE REPUBLIC OF KOSOVA
Based on the Law on Spatial planning in the Republic of Kosova (no.04/L-174) and regulations (administrative
instructions) for implementation of spatial and urban plans, five type of spatial plans have to be mandatory developed
by the responsible institutions in Kosova. In article 9 of mentioned law are defined two levels of plans for planning the
territory in national and municipality level, so in article 10 are defined that at the national level shall be developed the
Spatial Plan of Kosovo and Spatial plans for special areas, while on the municipality level shall be developed Municipal
Developing Plans, Urban Developing Plans, and Urban Regulatory Plans (Law on Spatial Planning no.04/L-174).
In national level, Spatial Plan of Kosova and spatial plans for protected special areas should be established officially by
the Agency for spatial planning under the Ministry of environment and spatial planning, so the local self-government
are responsible for developing spatial plans in local level (Municipal Developing Plan, Urban Developing Plan, and
Urban Regulatory Plan).
The Spatial plan of Kosova is a strategic multi-sectorial plan, which shall be based on the vision of and goals proposed
by the Government, will promote good living conditions, equitable economic opportunities and protection of the
environment heritage, be based on the international principles of spatial planning, good governance and sustainable
development in relation with European standards, etc, represented in maps in scale 1:100000 and 1:25000. The spatial
plan for special areas shall be adopted for zones identified in the Spatial Plan of Kosovo as having specific
characteristics that require a particular organizational, development, use and protection regime, represented in
topographic maps 1:100000 to 1:25000 and state base maps in scales 1:10000 and 1:5000.
The Municipal Development Plan is a multisectoral strategic plan that covers its internal territory. The Municipal
Development Plan includes a plan for the development of urban areas and village within the municipality, where the
long-term goals of economic, social and spatial development are defined and should be in accordance with the Kosovo
Spatial Plan. These plans define the conditions for regulating municipal space, exploitation, refurbishment, renovation
of construction land, environmental protection, protection of cultural monuments and valuable parts of nature in the
municipality, respectively in the city, approved for a period of at least five years, and represented in scales 1:25000 to
1:5000.
The Urban Developing Plan is a multisectoral strategic plan that defines the long-term goals for development and
management of urban areas for a period of at least 5 years. The Urban Developing Plan sets out a balanced and
sustainable development of spatial development of urban areas, which contains three parts: analysis of the socioeconomic and physical situation; plan itself; and implementation strategy. This plan defines the fundamental spatial
organization, natural, cultural and historical protection, represented in scales 1:10000 to 1:5000.
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On the Urban Regulatory Plan are set the conditions for the regulation of space as well as the rules of location of
premises and urban land parcels. Urban Regulatory Plans are defined as construction areas and include landline lines,
construction lines, urban technical norms and other conditions related to the location of buildings and other urban
constructions on urban land plots. The urban plan applies to settlements, respectively parts of them that are the base of
the city, respectively parts of settlements registered as a historical part, represented in scales 1:2500 to 1:1000.
At local level, the Municipality of Vitia as responsible institution has already established three spatial plans for its
territory: Municipal Developing Plans, Urban Developing Plans, and Urban Regulatory Plans for the Municipality of
Vitia, which are the focus of analyses of this research (Sulejmani 2016).

SOURCE DATA
As the spatial plans are official data with defined copyrights, for the research purpose usage of official data from the
Municipality of Vitia was obligatory. Through the administrative procedure, all digital spatial data sets for the Municipal
Developing Plans, Urban Developing Plans, and Urban Regulatory Plans for the Municipality of Vitia were received
officially from the sector for spatial planning of the municipality in 85 layers.
Urban Regulatory Plan consist 12 layers in Geodatabase format in ArcGIS (*.mdb), the Urban Developing Plan
consist of 18 layers in same format as previous, while the Municipal Developing Plan consist 55 separate layers as
shape files (*.shp). Although three spatial datasets have been developed and are managed by the same institutionmunicipality, different standards and platforms have been used for their establishing.
Beside official data from the Municipality of Vitia, as base maps are used Open Layers and WMS of the Kosova
Cadastral Agency which is open for usage by stakeholders via http://geoportal.rks-gov.net/wms.
As the mathematical base, the coordinate referent system KosovaRef01 is used for establishing of multi-scale map.

DATA HARMONIZING
Data derived from different sources as a result of the characteristics of source systems had different structures and
formats. Their transformation into the multi-scale mapping system according to previously defined standards means the
harmonization of input data from different sources. This was done in order to overcome the differences transmitted from
source formats and the creation of a unified system within all spatial-urban maps for the territory of Vitia municipality.
Data classification and coding means the process of data categorizing in separate groups as well as within a particular
group, giving identification codes to specific groups and all types of data within specific groups. In our case the
object codes consist of two parts, of which one part represents the type of the respective data, and the other represents
the set of objects. In special cases the objects contain two codes, of which one identifies the group while the other
data type (Idrizi 2010). The implementation of this process has resulted with the establishing of the database structure
for all the data that contains the three levels of Spatial Plans of Vitia municipality.
All data on a multi-scale map should be homogeneous in a unique digital format. Since the data was obtained
from various sources they were in files with different data formats. Their conversion into an identical format was
a very important and crucial process, which later became a virtual entity for usage through the internet browser.
Topological modeling is one of the main steps of data processing, within which the real natural geometric links between
the objects are established by defining their relative position. Defining geometrical link between objects means
the phase of topological control and elimination of errors from the mapping phase. In the framework of
topological modeling, obtained digital data of the municipality of Vitia was also preceded.

DATA INTEGRATION ACCORDING TO INSPIRE STANDARDS
All harmonized data further have been passed the process of transformation to INSPIRE platform, and data
validation. The official data specification from the European Commission for Infrastructure for spatial
information in Europe (https://inspire.ec.europa.eu/data-specifications) was used for entire datasets in three
spatial plans, while the data validation process has been performed by available applications in https://github.com/
inspire-eu-validation.
Due to many specific micro-regional data contained in spatial plans of the Vitia municipality, the predefined INSPIRE
specification doesn’t fit all input data coming from the spatial plans. This problem was solved by extending of the
dataset established based on the INSPIRE specification, as the INSPIRE platform is extendable.
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At the end of the process, the data interoperability for spatial data sets of spatial plans in three levels has been reached.

DATA SYMBOLIZATION
All harmonized and integrated data further have been symbolized based on the theme of scale ranged maps and
classification. In total 391 map symbols were defined for cartographic representing the 85 layers spatial data of spatial
plans within the multi-scale map, which are classified in thirteen main groups:
-

Basic symbols of Urban Regulatory Plan,
Basic symbols of Urban Developing Plan,
Basic symbols of Municipal Development Plan,
Specific symbols for religious, educational and administrative buildings,
Specific symbols for pools, natural resources, cemeteries, houses of martyrs, and,
Specific symbols of industrial buildings and zones, and agricultural zones,
Specific symbols for administrative and cadastral boundaries,
Specific symbols of bicycle paths, road and railway transportation network,
Specific symbols of hydrography network, and irrigation system,
Specific symbols for mountain zones and raining zones,
Specific symbols of sewerage network, and water pipes,
Specific symbols for areas with erosion, forest and waste disposal,
Specific symbols for hydrology zones, mirela deposits, and volcanic flocks.

DEFINING SCALE RANGES OF MULTI-SCALE MAP
The map scale of separate maps is calculated separately for each map based on bellow parameters (Idrizi, Basha-Halili,
2016):
• Correlation between the paper format, map frame and the municipality dimensions;
• Graphical percent cover with map symbols; and
• Minimal dimensions (distance and/or area).
To avoid showing features from both layers when viewing map at scale range boundaries, it is common practice to set
the Out Beyond scale range property of the more detailed layer to be one scale unit less than the In Beyond scale range
property of the more generalized layer (www.pro.arcgis.com). Based on the characteristics of the spatial plans, scale
ranges of the digital multi-scale map were defined, enabling inclusion of whole input data from three levels of spatial
plans within the same working area (canvas).
Vitia's Urban Regulatory Plan represents the map with largest scale on the multi-scale map, which appears on scale
range from 1:500 to 1:5000 (figure 1). In the symbolized representation of geospatial data of Vitia's Urban Regulatory
Plan, all symbols have clarity and practical readability without crossing the boundary load limit of the map to the
smallest scale in the range (1: 5000). On the map are shown the traffic network, electric network, atmospheric
sewerage, greenery, parking lots, urban enclosures, and destination of areas.

Figure 1. Layout from the Urban Regulatory Plan with 12 layers and 36 classes
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The second level of the spatial plan, based on the dimensions of the territory of the Urban Developing Plan, is presented
in the multi-scale map in the scale range between 1:5000 and 1:10000 (figure 2). The used symbols for the urban
developing plan belongs to scales 1:5000 to 10000, by maintaining the level of map load and by avoiding map
overloads with map symbols according to the distance between symbols. Throughout the scale range of the map of
Vitia's Urban Developing Plan, the symbols do not overlap when crossing the view between the different scales, by
fully fulfilling the criteria’s of esthetic and functional map. In map representation are symbolized industrial objects,
religious buildings, martyrs' houses, cemeteries, facilities, school facilities, parking lots, kindergartens, water pools,
road network, parks, bridges, city zoning and cadastral zones borders.

Figure 2. Layouts from the Urban Developing Plan with 18 layers and 47 classes
The third level of spatial planning maps, respectively maps of the Municipal Development Plan, has a wide ranging
from scale 1:10000 to 1:200000 (figure 3). This is due to the large number of data entered in the spatial plan as well as
the dimensions of the territory covered. The first group of data at the third level is defined on the scale range between
1:10000 to 1:25000, which contain data on tourist areas, railway network, highways, walrus and martyr cemetery
complexes, poultry areas, water resources, atmospheric sewage, sewage in urban areas, industrial zones, planned road
network, flood areas and agricultural development areas. Symbolization highlighted the spatial overlapping of some
spatial data sets planned in the municipal development plan, which stipulates that in the same areas are foreseen some
different spatial activities. Modeling of such multi-scale map with overlapping data enables the spatial analysis for
evaluation the rational valorization of the planned area, as well as spatial plan mistakes.
The second group of data at the third level is the surface area of the extirpation system in the scale range from 1:25000
to 1:50000, while the third group is the data on the categorization of the land where three types of categorizations are
divided into three geovisualized subgroups on ranges 1:50000-75000, 1:75000-100000 and 1:100000-125000. Areas by
sludge are presented in the fourth group in range 1:125000 to 1:150000, hydrogeological areas in the scale range
between 1:150000 and 1:175000, while in the last group are presented erosion zones in the scale range from 1:175000
to 1:200000. From the details presented above, it appears that the third level of data (Municipal Development Plan) due
to the large number of data and due to the dimensions of covered area, and for the avoidance of overload map risks, is
modeled on the scale range from 1:10000 to 1:200000, divided into six groups and one group into three subgroups.
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Figure 3. Layouts from the Municipal Development Plan with 55 layers and 308 classes
On the multi-scale map background, open layers and orthophoto images from wms of KCA are used, which help the
usage of the compiled multi-scale map. This kind of modeling enables usage of satellite images as map background
directly from the open layer and/or wms of KCA, without having them in the local server.

CONCLUSIONS
Municipality of Vitis as responsible local institution has spatial-urban plans in three levels: Municipal Developing Plan,
Urban Developing Plan, and Urban Regulatory Plan, established as municipality obligation by the law for spatial
planning of the Republic of Kosova. Although three databases have been developed and managed by the same
municipality, different standards and platforms have been used for their establishing.
From the technological point of view, source data for the Urban Regulatory Plan and Urban Developing Plan were
developed in Geodatabase (*mdb) format in ArcGIS, while the Municipal Developing Plan consisted separate layers as
shape (*.shp) files. Except of the spatial joint due to used same coordinate system, any relationship between three data
sets was not found, i.e. data sets were non-standardized, non-harmonized and non-integrated between them.
In order to establish the unified and single platform for joint usage of whole data sets from three spatial plan levels,
firstly data from spatial plans have been restructured and harmonized aimed to establish the local SDI for municipality
spatial planning purposes. The INSPIRE was used as basic platform for developing the SDI, which was extended based
on the specific layers of three data sets. By this, restructured data sets reached to be fully harmonized, fully
interoperability and completely standardized by the same rules-standards, as well in accordance to INSPIRE (EU)
standards.
Multi-scale map enabled joint usage of entire data from three levels of spatial plans for the municipality of Vitia, within
the same platform, by fulfilling the mapping criteria for esthetic and functional map. Electronic map was established in
ten scale ranges, in which symbols have clarity and practical readability without crossing the boundary load limit of the
map to the smallest scale in the range, without avoiding map overloads with map symbols according to the distance
between symbols, as well without symbol and label overlapping when the view changes between the different scales.
During evaluation of the developed multi-scale map, the spatial overlapping of some spatial data planned in the
Municipal Development Plan were highlighted, which stipulates that in the same areas are foreseen some different
spatial activities. Modeling of such multi-scale map with overlapped data enables the spatial analysis for evaluation the
rational valorization of the planned area, as well as detection of spatial plan mistakes.
For the purpose of usage by wider stakeholders, developed multi-scale map was adopted to be explored through the
internet browser also.

583

Proceedings, 7th International Conference on Cartography and GIS, 18-23 June 2018, Sozopol, Bulgaria
ISSN: 1314-0604, Eds: Bandrova T., Konečný M.

REFERENCES
Lindeberg T. 1997. Scale-space: A framework for handling image structures at multiple scales; Royal Institute of Technology;
Sweeden. http://www.nada.kth.se/~tony/cern-review/cern-html/cern-html.html
Idrizi B., Basha-Halili A. 2016: Developing geodatabase and compilation of socio-economic maps for Gjilan municipality.
Proceedings of 6th ICCandGIS conference. Albena. Bulgaria. https://cartography-gis.com/docsbca/iccgis2016/ICCGIS2016-53.pdf
Idrizi B. 2010. Hartografia Topografike. FNA-UP. Prishtina.
Sulejmani V. 2016. Perpilimi i hartes dixhitale multishkallore per planet hapesinore te komunen e Vitise. UT. Tetove.
Assembly of the Republic of Kosova. 2003. Law on Spatial Planning. Prishtina. Kosova. http://www.assemblykosova.org/common/docs/ligjet/2003_14_en.pdf
http://

https://kk-arkiva.rks-gov.net/viti/Municipality/plani-Zhvillimor-Komunal.aspx
https://kk.rks-gov.net/viti/qyteti/pozita-gjeografike

http://geoportal.rks-gov.net/wms
http://pro.arcgis.com/en/pro-app/help/mapping/map-authoring/author-a-multiscaled-map.htm
http://kca-ks.org
https://openlayers.org
https://inspire.ec.europa.eu/data-specifications/2892
http://inspire-regadmin.jrc.ec.europa.eu/dataspecification/
https://github.com/inspire-eu-validation

BIOGRAPHY
Assoc.Prof.Dr. Bashkim IDRIZI was born on 14.07.1974 in Skopje, Macedonia. He graduated in
geodesy department of the Polytechnic University of Tirana-Albania in 1999year. In 2004, he got the
degree of master of sciences (MSc) in Ss.Cyril and Methodius University-Skopje. In 2005 he had a
specialization for Global Mapping in Geographical-Survey Institute (GSI) of Japan in Tsukuba-Japan.
On year 2007, he held the degree of Doctor of sciences (PhD) in Geodesy department of Ss.Cyril and
Methodius University–Skopje. He worked in State Authority for Geodetic Works from May 1999 until
January 2008. During that period, in 2004 he appointed for head of cartography department, i.e.
geodetic works. From October 2003 up to January 2008, he worked as a visiting lecturer in State
University of Tetova. From February 2008 till 2016, he worked as a cartography and GIS Professor at the State
University of Tetova–Tetova. Since 2016 is associate professor of cartography at the Geodesy and Geoinformatics
department of the “Mother Theresa” University in Skopje. He is still working as visiting lecturer in geodesy department
of the University of Prishtina-Kosova. He is the author of three cartography university books, five scripts and more than
100 papers published and presented in national and international scientific conferences related to geodesy, cartography,
GIS and remote sensing. Chair and participant in many geodetic, cartographic, environmental and GIS projects.
Organizer international conferences on NSDI and SDI in Skopje-Macedonia.
MSc Valbone Sulejmani was born on 25.03.1984 in the Municipality of Bujanovac, residence
Gjilan, Kosovo. She graduated from the University of Prishtina department at the Faculty of
Education Center in Gjilan, in the Geography - Civic Education program in 2008. In 2017, she
received a master's degree in the Faculty of Mathematics and Natural Sciences in Tetovo, Socioeconomic Geography in Tetovo. Experience at work: a year-old teacher at the "Hasan Alia"
elementary school in Viti. Trainings and Certificates: Business Administration in 2008, Microsoft
Office software training (Word, Excel, Power Point, Project), 2009, The Oxford School 2011,
Quantum GIS 2015, Skopje. It is the author of a scientific paper presented at the international
conference on cartography,GIS.

584

Proceedings, 7th International Conference on Cartography and GIS, 18-23 June 2018, Sozopol, Bulgaria
ISSN: 1314-0604, Eds: Bandrova T., Konečný M.

Assoc.Prof.Dr. Zija ZIMERI was born on 22.08.1957 in Kumanovo, Macedonia. He graduated in
department for engineering protection in 1998year in Skopje. In 2008, he got the degree of master of
sciences (MSc) on geography in Ss.Cyril and Methodius University-Skopje. On year 2010, he held
the degree of Doctor of sciences (PhD) in tourism and hospitality of University "St. Kliment
Ohridski" – “Bitola-Ohrid”-. He worked in dougane of Macedonia since January 2013. From 2013 he
works as assistant professor in University of Tetova. He is still working as visiting lecturer in
University of Peja Ukshin Hoti, University for Business and Technology, and colleague Pjeter Budi
in Kosova. He is the author of two university books, three scripts and more than 30 papers published
and presented in national and international scientific conferences.

585

Proceedings, 7th International Conference on Cartography and GIS, 18-23 June 2018, Sozopol, Bulgaria
ISSN: 1314-0604, Eds: Bandrova T., Konečný M.

ISOM2017: THE NEW SPECIFICATION OF ORIENTEERING
MAPS (AN INSIGHT)
László Zentai
László ZENTAI;
Department of Cartography and Geoinformatics, ELTE Eötvös Loránd University, Budapest,
Hungary;
Address: Pázmány Péter sétány 1/A, 1117 Budapest, Hungary;
Tel. +36 1 372 2975, E-mail: lzentai@caesar.elte.hu
Abstract
Orienteering maps are one of the very few maps where the map specification is internationally standardised. As
orienteering maps are a kind of sport goods, the standardisation of these cartographic products was a must to
guarantee the fairness of the sport. The latest specification of (forest) orienteering maps was published in 2000.
Although there were no urgent issues, the development of the sport and the IT technologies required regular revision of
the map specification. After the release of the previous International Specification on Orienteering Maps (ISOM), a new
form of event, the sprint format was developed. As sprint events are regularly organised in urban environment (park, or
downtown area), a new maps specification was developed in the first decade of the 20th century (ISSOM =
International Specification of Sprint Orienteering Maps). The recent update of ISOM originally would include both
specifications (ISOM and ISSOM), but finally only the ISOM was the focus.
Keywords: orienteering maps, topographic maps, standardization, legend, cartographic symbols

WHY ORIENTEERING MAPS ARE SO SPECIAL?
History
Orienteering maps are one of the very few maps where the map specification is internationally standardised. The
standardisation was a relatively fast process, although the sport itself is more than 100 years old; there was not too much
focus on maps and practically nothing on the standardisation in the first half of the progress. If we check the milestones
of the orienteering mapping, we can recognise that from the emerging of orienteering as a civil sport (since the very last
years of the 19th century) till the end of World War II, there was no chance of creating special orienteering maps. Due
to the very complicated process of map production (in general), only national mapping authorities or large commercial
companies were able to publish maps, and the only form of publishing was the offset printing (suitable printing quality,
affordable for larger quantity prints in colour). Only professional cartographers were able to manage almost all phases
of the map production process in the pre-digital era, so the only chance for using maps for the orienteering sport was to
use state topographic or other maps like tourist maps in the Cold War era in Eastern Europe, when state topographic
maps were classified and civil users had no access to such maps.
After World War II, when enough experiences of the international orienteering events (started among Scandinavian
countries since the 1920’s) were accumulated, the implementation of relatively new technologies
(stereophotogrammetry, drawing folios, etc.) started, partly initiated by Scandinavian cartographers who also practised
the orienteering sport. Thanks to the development of the map printing technologies, the colour offset became more and
more affordable (the first orienteering event when colour offset printed maps were used was organised in Norway in
1950). The massification of the sport in the most developed orienteering countries and the continuously increasing
number of athletes reached the level of participation where the most affordable and manageable map production process
for orienteering maps became the offset printing. Although it was not a very fast process, the establishing of the
International Orienteering Federation (IOF) in 1961, the introduction of the official European Orienteering
Championships in 1962 and the World Orienteering Championships in 1966 fastened the development. Ten countries
(Sweden, Finland, Norway, Denmark, Switzerland, West Germany, East Germany, Bulgaria, Hungary, Czechoslovakia)
formed the International Orienteering Federation in 1961, and the participation in international events and official
championships increased continuously. The first non-European members of the IOF were Canada and Japan in 1969. In
1973, when other important non-European orienteering countries (USA, Australia, Israel) joined the IOF, the
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standardization of maps became a very important issue. Shortly after the foundation of the IOF, an international expert
group started to work on the international map specification (ISOM = International Specification of Orienteering Maps).

The standardisation
The organisation of official regional and world championships also had a very important role: to understand the
importance of fairness in orienteering and developing an international mapping standard/specification had a special role
in this process. Orienteering maps are a kind of sport goods, so standardisation of these cartographic products was the
vital step for the development of the sport.
The time of map standardisation coincided with the time of the increasing need of better and more up-to-date maps. The
cycle of the updating of state topographic maps (which were used for orienteering events in the first half of the 20th
century) was simply two slow for the orienteers and the focus of state topographic maps was slightly different: there
was no interest in adding more details in forest areas. In the Scandinavian countries, more and more professional
cartographers started to practice the orienteering sport and they were also ready to educate orienteers who were
interested in the map production process. The Scandinavian state topographic maps were not classified, so they were not
only easily accessible for civil use, but these maps were also known by civil users.
The field working techniques was the easier part of the production of orienteering maps. State topographic maps were
used as base maps and orienteers added runnability/crossability-related information (which areas [marsh, dense
vegetation, stone field], linear features [fence, cliff, highway]) enriched these maps with new content that was relevant
for the sport (runnability information, smaller point and linear features which are irrelevant for the user of the
topographic maps, like pits, knolls, boulders, ponds, cairn, small paths, narrow rides, gullies) and they also updated the
map content (new roads and paths, vegetation changes).
Although we had suitable methods to make precise maps for orienteering, there was another crucial problem to be
solved. Colours are essential parts of topographic maps, but the colour printing methods were expensive. Even the state
topographic maps started to be printed in colour only from the beginning of the 20th century, when colour offset printed
methods were invented (Zentai, 2014).
The first step of standardization was the unification of scales and contour intervals. At the first European Orienteering
Championship, 1:25,000 scale maps were used with 10-metre contour interval. As mentioned, the first colour and fieldworked orienteering map was published in Norway in 1950. In 1962, 79 orienteering maps were published in Norway,
and the situation was similar in Finland and Sweden (at that time still most of the smaller events used topographic maps
for orienteering events). However, the most developed orienteering country of Central Europe (Switzerland) was a little
bit behind the Scandinavians at that time. This is why it was evident to use the map-making experiences of the
Scandinavians at the first international discussion about orienteering maps.
The maps of the first European Championship were at a very high level: the 10-meter equidistance was a surprise for
foreign participants. In 1964, the association of Nordic countries had formed a map committee, which asked the IOF to
discuss the maps of international events and to form the Map Committee of the IOF. The first principles accepted
internationally were as follows:
•

The maps have to be so accurate and detailed that they give the possibility for the course planner to create a
fair event and let each competitor easily identify his/her position during the course. Avoiding the luck factor
and not giving advantages to local competitors, whose awareness of the area was an extremely important issue
concerning the fairness of the sport.

•

The main disadvantage of using outdated topographic maps without special orienteering fieldwork is the luck
factor. If a competitor has found a path not shown on the map and was able to use it during the event, he/she
can reach the control point faster than the unlucky rivals who omitted that path.

Under these circumstances the call soon came for standardized competition maps paying due regard to the particular
requirements of orienteering. In the first national attempts in the sixties, corrections and runnability information were
added to the basic topographic maps. At the IOF level in the mid-sixties, an expert group prepared proposals for
representing the terrain on orienteering maps, which were summarised and presented in a “first draft” in 1967.
This era was the beginning of the introduction of special orienteering maps in Central Europe. In some countries the
first colour maps were just extracts of topographic maps, but using the Scandinavian connections and experiences the
first colour orienteering maps were published:
•

1961: Czechoslovakia (Czech Rep.)

587

Proceedings, 7th International Conference on Cartography and GIS, 18-23 June 2018, Sozopol, Bulgaria
ISSN: 1314-0604, Eds: Bandrova T., Konečný M.

•

1964: Hungary

•

1965: Switzerland

•

1966: Czechoslovakia (Slovakia)

•

1967: Austria, West-Germany

In 1965, the Map Committee of the IOF was formed (the first meeting was in 1967, Zurich). All five members were
cartographers: Jan Martin Larsen (Norway), Osmo Niemelä (Finland), Christer Palm (Sweden), Torkil Laursen
(Denmark), Ernst Spiess (Switzerland).
The most important and urgent work of the committee was the specification of World Championship maps. They
suggested following these principles:
•

The orienteering maps have to be new (recent fieldwork).

•

The map has to show every detail of the terrain which can affect the route choice of the competitor accurately.

•

The most important is the legibility: small and unimportant details have to be omitted.

•

The maps of international events have to use the same specification.

•

The suggested scale is 1:25,000 or 1:20,000, the equidistance is 5 m (depending on the terrain 10 m or 2.5 m is
also allowed).

The first issue of the ISOM was ratified by the IOF-Congress in Doksy, Czechoslovakia in 1969. This issue was still not
a “specification” but rather a “guideline”, although it already contained quite concrete requirements. The most
important specifications were the scales and the definition of colour use on the orienteering maps (Zentai, 2001):
•

black (man-made features, rocks and cliffs), brown (relief)) and blue (water features) for topography,

•

yellow for open ground, and

•

grey or green / black for restricted runnability (vegetation).

One of the most exciting discussion topic of these early years was the colour of the forest sign. This area symbol was
traditionally green on topographic maps in every country. It was a Norwegian suggestion (1965) to use white colour
(the paper colour itself) for the forest (good runnability). These maps were called negative maps and this suggestion was
accepted internationally in some years. Although the Scandinavian countries denied presenting runnability on their own
maps (partly because most of the Scandinavian forests are runnable), they showed the runnability on the maps of their
major IOF events held in their country (Spiess, 1972).
The summary of the basic information on international specification of orienteering maps is in Table 1 (Zentai, 2001
and 2007).
Table 1. The summary of ISOMs
Year of
publishing
1969
1975
1982
1990
2000
2017

Number of
symbols
52
100
(A+B)
98
105
104
(foot-o only)
83

Suggested scale
1:25,000, 1:20,000
1:20,000, 1:15,000
1:15,000, 1:10,000
1:15,000, 1:10,000
1:15,000, 1:10,000
1:15,000, 1:10,000

Other remarks
First used at 1970 World Championships
Compulsory “A” symbols, “B” symbols for special terrain, “C”
symbols for national use, if necessary
Allowed combination of green and yellow
No more “A”, “B”, “C” categories.
The English language version was the only official. Includes
the official disciplines.
Only foot-orienteering, other specifications will be updated
continuously.

Special mapmakers, special map users
The specialities of the map production process
Orienteering maps are special because maps are created by non-professionals (orienteers). Expert orienteers had to learn
the necessary technologies, which has changed time to time. In the era of the traditional map production it included:
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stereophotogrammetry, all kinds of fieldwork technologies (traditional geodetic technologies were not suitable for
orienteering, because they were too slow and complicated due to the larger precision of professional surveying, which
was not necessary at the scale of orienteering maps), hand drawing by ink-pens, understanding the technical phases of
the offset printing process. In the beginning of the digital era, the first digital map producers of orienteering maps were
computer or GIS experts. Different parts of the traditional map production process were replaced by digital methods. It
is not easy to say which was the very first orienteering map that was produced digitally: first we have to define what
“produced digitally” means. I am not talking about the field-working phase, although GPS and laser scanning
technologies were invented at the time when personal computers started to spread in all parts of the life (not only used
by scientists, experts). These technologies are much more developed today and automatic production of orienteering
maps from different – mostly remote sensing – data is a reality. However, producing high quality orienteering maps still
requires a lot of human work (fieldwork) on the terrain to interpret and represent the reality at the scale of orienteering
maps as well as the cartographic knowledge and tradition of generalisation. Many countries where new data sources
appeared (laser scanning is the most characteristic) faced a problem of overdetailed maps, because they did not really
understand the importance of generalisation, the filtering of information. Without the help of professional cartographers
orienteers do not really tend to remove the information they have collected from different sources, thinking that more
information will make the terrain navigation easier. It is probably true, but in such cases easier also means slower.
These orienteers disregard the special method of map use: orienteers are reading the map while they are running and
they do not want to stop in order to read the map (Petrovič, 2014).
The first phase of the orienteering map production which was replaced by digital technologies was the map drawing.
Although the graphic capabilities of the personal computers was quite limited (remember the resolution of the first
computer monitors: 320*200 pixels or the 640*480 pixel VGA resolution), very expensive professional systems (like
graphic workstations) were able to provide the necessary graphic capabilities even at that time. The very first digital
orienteering map was probably created in Finland using the contemporary GIS system (FinGIS) of the national mapping
agency. However, drawing the orienteering map by computer does not solve the problem, rather generates a new one:
how to replace the traditional technological process of map production with a digital method. At the beginning of the
personal computer era, only professional, very complicated and very expensive GIS or cartographic systems were able
to manage this process (it probably happened so in Finland and maybe in Sweden and Norway). Few years later, when
desktop publishing (DTP) software and hardware started to be affordable, non-cartographer orienteers were ready to
buy personal computers and educate themselves to understand the new technology. The output was still the traditional
offset printing, because the colour printing technology was simply not developed enough at that time (the first PC-based
DTP software and hardware was released in 1984, but quality and relatively cheap colour printers were available only
about ten years later). This was also the time when the first orienteering map drawing software, the Swiss OCAD was
released in 1989. OCAD is still the most popular software for drawing orienteering maps, although nowadays open
source alternative was also developed (Zentai, 2014).
Although the development of the colour digital printing technology is not a focus of this paper, I mention that thanks to
the continuous development of these digital printing technologies fewer and fewer orienteering maps are produced
nowadays by offset printing. The key issue is whether the quality of digitally printed technology is good enough for
orienteers.

Special users
When ordinary people use maps, they always try to use it in perfect circumstances: they are creating good light
circumstances, standing or putting the map on a desk, sometimes even using a magnifying glass. Orienteers are taking
into consideration even the colour of the paper (whiteness) and the most wide-spread form of colour blindness when the
printing colours of orienteering maps are selected.
Orienteers are using maps in less perfect circumstances:
•

they read orienteering maps when they are running (in other disciplines they are riding on a bike or skiing):
taking this condition into consideration, we have adjusted the minimum sizes of map symbols and line widths
in the map specifications;

•

the light and weather conditions can be complicated; it can be rain, and there are also night orienteering events
where headlamps are used by the competitors;

•

the light conditions during the orienteering events can vary, because of the different vegetation: open and semiopen areas, dense vegetation (in pine forests the light conditions are regularly much worse than in deciduous
forests);
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•

orienteering is not only elite sports, it is one of the most popular master sports after athletics and swimming;
the large portion of master age orienteers is an important factor of financing the sport: we have to take the
orienteers’ reduced visual capabilities into consideration even in the map specifications (in this year, the oldest
participant in the World Masters Orienteering Championships will be older than 100 years);

•

orienteering is also practised by the young generation: for the youngest (children) a different (simplified) map
specification may help understanding the map reading process.

ISOM 2017, THE NEW SPECIFICATION
If we look at Table 1, we can recognise that time between the releasing years of orienteering maps specifications has
increased. As a member of the IOF Map Committee since 1996, I was responsible for the ISOM 2000 project. We were
working on that for four years, and when we started the project we did not have too much experience on the digital
production of orienteering maps. Although ISOM 2000 was the first orienteering map specification where the digital
drawing and printing technologies were taken into consideration, we were mostly concentrating on the printing phase
and did not re-design the symbols themselves (there were only slight adjustments).
Soon after the release of ISOM 2000, a new form of foot orienteering, a sprint format was introduced (first time in 2001
in the World Orienteering Championships). Sprint was an even faster format of orienteering, regularly organised in
urban or park environment. The course length is much shorter (max. 3-4 kilometres), the running time is about 15
minutes. The urban or park environment is quite different from the forests, so the IOF Map Committee developed a
separate map specification for sprint orienteering (ISSOM = International Specification of Sprint Orienteering Maps),
which was based on ISOM, but there were some principal changes:
•

there are linear and areal symbols in ISSOM, where uncrossability also means forbidden to cross (it was
necessary to introduce this principle in urban environment),

•

we also had to deal with the traffic problem (which is normally not an issue in forest areas), and the only
solution was to prohibit the traffic during the event (this is not a mapping, rather an organisational issue),

•

multi-level structures should be avoided for sprint orienteering as it is impossible to represent these areas on a
single sheet of paper (it is again not a mapping issue, but an important principle).

ISOM 201X, the time frame
When the ISOM 201X project was started in 2008, there was no date of completion defined. The IOF charged the Map
Committee with modernising/updating ISOM 2000, taking into consideration the ISSOM experiences and the
development of digital printing technologies. Although there were no urgent issues, the development of the sport and
the IT technologies required regular revision of the map specification.
The recent update of ISOM originally would include both specifications (ISOM and ISSOM), but finally (due to
technical and man-power reasons) only the ISOM was the focus. The long process of update had different sections. At
the end of the first section of the very long and detailed process a new draft document (200 pages) was created for
internal use, but after that the strategy of the update has changed and the planned final product was reverted to a short
booklet (similar to ISOM 2000). In the second part of the updating process the focus has changed to the harmonisation
of ISOM and ISSOM, as part of the global trend of harmonising orienteering rules in general. Finally, the ISOM was
released in 2017 (Figure 1, 2, 3).
The milestones of the ISOM 201X process:
•

2008: the first call to national federations: consultation

•

2009–12: creation of the first draft

•

2013: an expert group was established to take care of special issues (colour blindness, digital printing process),
the second consultation round with the national federations

•

2014–15: creation of final draft

•

2016: the third consultation round

•

2017: release of the ISOM.

The summary of the most relevant changes:
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•

Simplification: Map scale 1:10,000 is a strict enlargement of the 1:15,000 scale map (exceptions removed).
o

Exceptions used to be:


magnetic north lines (spacing),



course overprint symbols.

•

Clarification of minimum dimensions.

•

Add precise graphical definitions for some symbols.

•

Alignment with ISSOM (symbols, symbol dimensions, impassable/passable, area with forbidden access,
railway).

•

Tightening up several symbol definitions. Use the term “prominent” instead of the term “special”:
o

Added new-shape point symbols (brown triangle, blue square, black asterisk)


o

Removed (blue x)


o

reason: no need for more than one prominent feature.

Changed


o

reasons: requests, change of semantics of some symbols.

reason: avoid problems for mixing colours (both shape and colour of point symbols are
different).

Clarification


Must / Shall / Required / May.

o

Adjustment of runnability categories.

o

Footprints:


Footprint sizes are added for each symbol, where it is relevant
Figure 1. The same area represented with ISOM 2010 and ISOM 2017

ISOM 2000

ISOM 2017

Figure 2. The same area represented with ISOM 2010 and ISOM 2017. Stony area drawn by ISOM 2000 (left), map
directly converted into new ISOM 201x (centre), and manual correction and adaptation of the map by ISOM 201x draft
(right) – map of Kalce, Slovenia (Stanfel, 2016)
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Figure 3. Changes of graphic representation of symbols (left side: ISOM 2000; right side: ISOM 2017). Source:
http://o-news.cz

Personal factor in ISOM 2017
The Map Committee is the longest standing committee of the IOF. Although in its history the person of chairman has
always changed after two 2-year periods. But after 2006 (after my retirement from that position), the chairman has been
the same person, Håvard Tveite, a former world champion in orienteering and a GIS expert by profession. The
composition of the Map Committee did not change considerably at that time. It is not a failure: unfortunately, there
were no interest from the IOF member countries and they had not nominated new members to the committee. The
Committee enjoyed working on ISOM 201X, but the project took too long and finally the IOF Council had to push the
Committee to complete the project and release the new version.
In the very beginning the ISOM 201X project was led by a Map Committee member Jukka Liikari, but he passed away
in 2013. Later the project was led by Thomas Gloor, the CEO of OCAD. After he retired partly due to work constraints
and partly due to the new IOF policy on conflict of interest, Håvard Tveite took over the responsibility of the project. In
the last phase of the project, he suggested an important theoretical change to implement the theory of uncrossable =
forbidden, as in ISSOM. As it was not simply a mapping issue, but rather a technical, organisational issue, the IOF
Council discussed it and measuring the potential effects the proposed change was refused. Håvard Tveite decided to
retire and a new replacement, Christer Carlsson completed the ISOM 201X project, and the final version was released
in 2017.

Generalisation hints in ISOM 2017
One of the most important new sections of ISOM is about generalization. Such section was part of ISOM 2000 as well,
but in ISOM 2017 several small illustrations help the orienteers to understand this important cartographic principle.
Good orienteering terrain contains a large number and a great variety of features. Those which are most essential for the
competitor must be selected and presented on the orienteering map. To achieve this in such a way that the map is legible
and easy to interpret, generalisation must be employed. There are two phases of generalisation: selective generalisation
and graphical generalisation. Selective generalisation is the decision as to which detail and features should be presented
on the map. Two important considerations contribute to this decision: the importance of the feature from the
competitor's point of view, and its influence on the legibility of the map. These two considerations will sometimes be
incompatible, but the demand for legibility must never be relaxed in order to present an excess of details and features on
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the map. Therefore, it will be necessary at the survey stage to adopt minimum sizes for many types of detail. These
minimum sizes may vary somewhat from one map to another according to the amount of detail in question. However,
consistency is one of the most important qualities of the orienteering map.
Graphical generalisation can greatly affect the clarity of the map. Simplification, displacement and exaggeration are
used to this end. Legibility requires that the size of symbols, line thicknesses and spacing between lines be based on the
perception of normal sight in daylight. In devising symbols, all factors except the distance between neighbouring
symbols have been considered.
The size of the smallest feature which will appear on the map depends partly on the graphical qualities of the symbol
(shape, format and colour) and partly on the position of neighbouring symbols. With immediately neighbouring features
which take up more space on the map than on the ground, it is essential that the correct relationships between these and
other nearby features are also maintained.
For orienteering maps, the shape of the terrain is the most important thing to communicate. Dangerous features, such as
high cliffs, must be easy to see on the map. Anything that is out-of-bounds or may bar or impede progress is essential
information: long cliffs, water, dense thickets, and private property. The road, path and track network is important, since
it shows where the going and navigation is easiest. Most point features are of less importance than line and area features
(Figure 3).
Figure 3. Graphical generalization hints in ISOM 2017

ISOM 2017 CONCLUSIONS
It is not unusual that not all contributors, member countries are totally satisfied with the ISOM 2017. Most of the
improvements were well-received by orienteers, but few of them are still disputed. The most important principles are
summarised below:
•

Spot colour printing is still recommended for IOF events. Other printing methods may be used, if colours and
symbol sharpness have the same quality as printing with spot colours.

•

Legibility also depends on the correct choice of colours, but mostly on understanding the process of
cartographic generalisation.

•

Until 2000, the majority of orienteering maps were printed using spot colour offset printing. With digital maps
many new printing technologies have emerged.

•

The new printing techniques have not yet reached the quality of spot colour offset printing. A badly printed
map will spoil the time consuming field surveying and map drawing process, and cause unfair conditions for
competitors.
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•

For major IOF events, only spot colour offset printing will be allowed until the IOF decides that the quality of
alternative printing methods have reached a sufficient level.

•

The number of symbols is much fewer than in the previous ISOM, but this change is mostly due to theoretical
issues.

REFERENCES
Petrovič D. (2014): Reducing Field Work with Automation in Orienteering Map Production. Scientific Journal of Orienteering, Vol.
19 issue 1, pp. 3–12.
Spiess E (1972) International genormte topographische Karten für den Orientierungslauf, International Yearbook of Cartography,
124-129.
Stanfel M (2016) Comparison of the Current and New International Specifications for Orienteering Maps, In (editors: Buchroithner
M, Schröter B, Heidig U) Unbounded Mapping of Mountains, Proceedings of the 10th ICA Mountain Cartography Workshop,
Bertechsgaden, 237–247
Zentai L (2001) Development of orienteering maps' standardization, In: Li Li (ed.) Proceedings of the 20th International
Cartographic Conference - Mapping the 21st Century. International Cartographic Association, pp. 2753-2759. Vol. 4.. (ISBN 7-50301018-5)
Zentai L (2007) History of orienteering maps, 12th International Conference on Orienteering Maps, Kiev, Ukraine
Zentai L (2014) Implementation of Cartographic and Digital Techniques in Orienteering Maps, In: Buchroithner M, Prechtel N,
Burghhardt D (eds.) Cartography from Pole to Pole: Selected Contributions to the XXVIth International Conference of the ICA,
Dresden: Springer Verlag, 2014. pp. 19-29. (ISBN 978-3-642-32617-2)

BIOGRAPHY
László ZENTAI, 1959, Department of Cartography and Geoinformatics, ELTE Eötvös Loránd
University, Budapest.
Academic experience: Master in Cartography (1984), Doctor univ. (1992), PhD degree (Hungarian
Academy of Sciences, 1995), Doctor of Science, (Hungarian Academy of Sciences, 2006).
Practical experience: Computer cartography, digital atlases, topographic maps, relief representation,
orienteering maps, education and training in cartography, orienteering maps.
Publications: Over 170 scientific papers, more than 100 maps and atlases. More than 150 orienteering
maps were fieldworked and drawn.
Recent positions: Secretary-General of the International Cartographic Association (2011–), Vice-Rector
of ELTE Eötvös Loránd University (2007–2010; 2017–), Council member of the International
Orienteering Federation (2006–), former member (1996–2002) and chair (2002–2006) of the Map
Commission, Head of the Department of Cartography and Geoinformatics (2005–).

594

Proceedings, 7th International Conference on Cartography and GIS, 18-23 June 2018, Sozopol, Bulgaria
ISSN: 1314-0604, Eds: Bandrova T., Konečný M.

SPATIAL MODELING AND RECONSTRUCTIONS OF
DOLNOTSIBURSKA WETLAND SYSTEM
Georgi Zhelezov, Aleksander Todorov
Assoc. Prof. Dr. Georgi Zhelezov
National Institute of Geophysics, Geodesy and Geography, Bulgarian Academy of Sciences
1113 Sofia
Acad. Georgi Bonchev str., bl. 3
+359 2 979 3304
gzhelezov@abv.bg
Aleksander Todorov
HERE Technologies – Head of Regional Unit
1606 Sofia
Bul. Totleben 53-55
+359896712509
aleksandar.todorov@here.com
Abstract
The wetland systems are one of the most sensitive nature systems. The importance of wetland systems determines by the
fact that they provide a numbers of goods and ecosystems services.
The present research observes the problems with the spatial transformations of Dolnotsiburska wetland system in
Bulgaria, which is part of Danubian catchment. Generation of different space-time models based on old maps and
aerial photos give opportunity for investigation of the state and parameters of the wetland system. The reconstruction
models are made based on these results.
Investigation of the space transformation in environment historical period is promising platform for planning of the
economic activities in the region. Nature conservation will be also part of this conception, if the object has potential
and nature importance.
Keywords: Modeling, Reconstruction, Wetland

INTRODUCTION
Wetlands are one of the most dynamic and fast changing natural systems on the Earth. They respond even to the
smallest changes of the environment state. In this aspect they may be used as a reliable basis to determine the quality of
the environment and the degree of anthropogenic transformation in a specific area. Wetlands have versatile
significance:
- Wetlands contain huge water masses and represent valuable fresh water reservoir.
- Wetlands take part in the water cycle and support the basic living systems on the Earth - their functioning,
dynamics and productivity.
- Wetlands have important filtration and purification functions with regard to the drinking water globally.
- Wetlands are the habitat for many fish species.
- Wetlands are a centre of versatile business activities.
- Wetlands protect many lands from flooding.
- Wetlands are rich in plantation and animal species and include unique landscapes.
- Wetlands are connected with the cultural identification of many people and countries worldwide.
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RESEARCH OBJECT
Dolnotsiburska wetland system is situated in Northwestern Bulgaria in Dolnotsiburska lowland between river Danube,
lower part of river Tsibritsa, Zlatiya plato and Danube plain. The area of the lowland is 21,5 km2 with maximal
length10,6 km and maximal width - 4 km. The structure of the lowland is a flooded Danube terrace, which in the past
has been flooded by the high waters of the Danube, and a significant part of it has been swamped - Tsibar swamp. It
currently has an area of about 185 hectares. The lowland is now protected by the construction of a water dike from the
Danube and extensive drainage measures have been carried out. In the eastern part of the valleythe lower reaches of the
Tsibritsa river pass the bed of which is corrected by water dykes and the current level is higher than the lowland.

Figure 1. Position of Dolnotsiburska wetland system

MODELS AND MODELING
Models in geographic researches are commonly based on analogies. Analogies with regard to: natural phenomena;
public and economic phenomena; alphabetic-numerical images and mathematical formulas. Haggett & Chorley (1967)
determine three basic groups of models - model analogies to natural systems, models of specialized systems and models
of general systems.
According to Smyth (1998) spatial (mapping) models are reviewed as abstracts of reality. The latter contain only those
features of reality, which are important for the interpreted object. The model as an abstraction presents aspects of the
real world, which may be manipulated and analysed in the past, determine the present and offer opportunities for
forecasts.
The model is also reviewed as a part of the bilateral link "model - theory". The model is applicable upon verifying the
evidence for specific theory. To be used correctly it must be determined which function is paramount and how to
arrange data in order to complete a specifically assigned function. In this meaning an important function of the model is
the theory interpretation but in such a way that it is not identified with it but turns the meaning of the model to the logic
of the theory itself.
In this regard Harvey (1969, 1996) identifies prior models (direct А=B) and posterior models (А/B). Prior models are
based on building a theory. In this regard the problem of interpretation of calculations is very important. These models
precede the theory from cognitive point of view. Posterior models are obtained by using formalized theories. The
beginning is connected with empirical observations. These models simplify the procedure for theory verification. The
obtained results may be transferred to the theory. If the verification proves successful result of modelling, then this is
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determined as successful theory. In geography are applied mainly prior models. If the model is not good then follow
wrong (incorrect) forecasts.
The condition of the systems of wetlands may be characterized theoretically through the deterministic models of
Gurney, Nisbet (1998). These types of models are used upon determination of the conditions and the states of the
system. The model testing is connected with the ability of the model to provide solutions.
The basic state is defined as Xt– a given state in a given model. The resulting state is defined as Xt+∆t. Ensuing from
this formalistic state, it may be determined that:

Xt+∆t= f(Xt)

The subsequent state is always a result from the impact and influence of different groups of factors. Generating the
spatial models is achieved by the application Head-up Digitizing technology and direct extraction of the output mapping
materials.
The reconstruction models are reviewed in this aspect. Their options give real opportunities for restoration of the state
of specific mapped objects for past periods of time and their presentation in accessible form. They provide a real
platform for tracking the dynamics and the evolution of the systems in space and time. A specific research is focused on
the systems of wetlands in the Dolnotsiburska lowland.

RECONSTRUCTION MODELS OF DOLNOTSIBURSKA WETLAND SYSTEM
The reconstruction models show specific states of the natural and social systems. They enable recovery of the system
state in past periods of time. Another aspect of the work of the reconstruction models is the ability to track the dynamics
of the system development (evolution and degradation). In combination with the potential of the spatial models is
achieved a real idea about the spatial - temporary dynamics and the processes running in the systems.
The first examined state of the Dolnotsiburska wetland system is based on analysis of a map of 1880 (Fig. 2). Wetlands
are presented as a water body with open water table without identifying hydrophytic formations. To a great extent it
may be considered that this state is a result of the natural system evolution and correctly shows the connection of the
Danube River - Wetland - Tsibritsa River.

Figure 2. Spatial model of Dolnotsiburska wetland system based on the map from 1880
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The second examined state of the Dolnotsiburska wetland systemis based on analysis of a map of 1903 (Fig. 3). It
shows the overall spreading of the wetland system and it coincides with the flooding zone of the Danube River and the
Tsibritsa River. Wetland occupies about 90% of the valley area.

Figure 3. Spatial model of Dolnotsiburska wetland system based on the map from 1903
The third examined state of the Dolnotsiburska wetland system is based on analysis of a map of 1910 (Fig. 4). Similarly
to the state on Fig. 3, it presents the natural parameters of the system of wetland in the Dolnotsibarska lowland.

Figure 4. Spatial model of Dolnotsiburska wetland system based on the map from 1910
The fourth examined state of the Dolnotsiburska wetland systemis based on analysis of a map of 1916 (Fig. 5). The
wetland have less area here. This shows that throughout the year there was fluctuation of water masses determined by
the seasonal dynamics of water or by lower water inflow from the Danube River. It may be assumed that zones freed
from water have been used for farming.
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Figure 5. Spatial model of Dolnotsiburska wetland system based on the map from 1916
The fifth examined state of the Dolnotsiburska wetland system (Fig. 6) is based on a map of 1920. It shows an identical
situation with the states of Figures 3 and 4. The dyke on the west bank of theTsibricaRiver is revealed in the lower
stream, which can gave reason to believe that the eastern part of the lowland was utilized for agricultural purposes.

Figure 6. Spatial model of Dolnotsiburska wetland system based on the map from 1920
The sixth examined state of the Dolnotsiburska wetland system (Fig. 7) is based on a map of 1935. It shows state
similar to the one on Fig. 5.
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Figure 7. Spatial model of Dolnotsiburska wetland system based on the map from 1935
The seventh examined stateoftheDolnotsiburskawetlandsystem(Fig. 8) is based on a map of 1940. It presents wide
wetland on the territory of the whole lowland.We can assume the existence of serious fluctuations in the tidal waters of
the Danube River.

Figure 8. Spatial model of Dolnotsiburska wetland system based on the map from 1940
The eighth examined state of the Dolnotsiburska wetland system (Fig. 9) is based on an image of Google Earth 2008. It
presents the contemporary state of the system with constructed protective dike and riverside forest at the Danube River.
Considerable reduction of the wetland is seen and transformation of 60-70% of the area of valley in farming land.
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Figure 9, Spatial model of Dolnotsiburska wetland system based on the map from 2018

CONCLUSIONS
As a result of the research, the spatial modelling and analysis are identified considerable transformations of the
Dolnotsiburska wetland system. The general factor for these transformations of the natural system is the anthropogenic
intervention.
The main part of the wetland in the valley is transformed into farming land. The flooding zone of the Danube River and
the lower river valley of the Tsibritsa River is brought under control by dikes. This has brought changes in the
landscape diversity. It may be assumed that this act is a reason for changes in the biological diversity and the natural
attractiveness and potential of the region.
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Abstract
Digital terrain models (DTMs) are used in geomorphometry. Coupled with field validation, their use makes the studies
more comprehensive, and opens the way towards automation. DTMs are influenced by the acquisition technology,
accuracy, and resolution and questions arise about whether results depend on the type of DTMs. To study this, we have
chosen a simple landform: the scoria cone, a typically symmetrical, monogenetic volcanic edifice. Study areas are San
Francisco Volcanic Field (DTM resolutions 30 and 10 m) in Arizona (USA) and Chaîne des Puys (resolutions 90 and
0.5 m) in the Auvergne (France). Descriptive parameters were calculated and comparison has been carried out via
grouping by study area, by age, and the Mann–Whitney test has been applied. The by-area comparison shows
statistically significant differences for some groups, though overlapping occurs. In addition, such behaviour can be
observed in the same field grouped by the DTM resolution, but they are statistically insignificant.
Keywords: San Francisco Volcanic Field, Chaîne des Puys, DTM, statistical comparison, Mann–Whitney test

PRESENTING THE AREAS
Previous research on morphometry of volcanic cones
The first important work on scoria cone morphometry is COLTON’s (1967) study. In his pioneering work, the basalt
cones and lava flows were classified into different classes based on their degree of degradation and mounding.
PORTER (1972) – as a result of researche in Hawaii—defined volcanic morphometric parameter relationships, which
were later used for several comparative analyses in other areas as well. The comparative studies of WOOD (1980a, b)
are milestones in volcanic morphometry. He stated that the cone’s approximate age can be concluded from some simple
morphometric studies. He studied the destruction processes of cones that were due to erosion or other mass movements.
After studying volcanic fields such as San Francisco Volcanic Field (SFVF), Nevada, Oregon, Italy, Réunion, he
claimed that cone height (Hco), height and diameter (Wco) ratio and slope angle (α) decreased over time, crater diameter
(Wcr) and cone diameter (Wco) ratio (Figure 1) does not change with decay.
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Figure 1. Relationships between volcano parameters [PORTER (1972)]
In a detailed study of the SFVF more than 650 volcanic cones were distinguished by TANAKA et al. (1986). The
paleomagnetism of the cones was studied, K/Ar ages were determined, and the investigation of the rock and
stratigraphic studies was carried out. During these, the migration of volcanic activity was recognized. A further step in
the geomorphometric research have been made by HOOPER and SHERIDAN (1998) who modelled surface erosion
processes on ideal scoria cones. According to them, the relative determination of age with comparative morphology is
based on the examination of decreasing morphological parameters over time. From the 2000’s on, digital terrain model
(DTM) became the basis for morphometric research. With the help of the DTMs FAVALLI et al. (2009) concluded that
the height of scoria cones on volcanic slopes should be calculated in different way.

Scoria cones
Scoria cones are the simplest volcanic structures (WOOD 1980a, b), made of loose pyroclastic segments. They are
monogenetic, which means they erupt once, and during the eruption the whole volcanic edifice is created. They are
about from 30 to 300 meters high and a few hundred meters wide, so relatively small. Their slope angle is 20-30°,
which decreases with the aging of the cone. The youngest—ideal—cones have approximately regular circular
symmetric shapes (Figure 2). Any kind of asymmetry can be caused by erosion, formation of a volcanic origin (e.g.,
lava flow), or if the cone is not circumscribed in the eruption, it is created by some breaks along the line. In this case,
the cone itself is intact but elongated, elliptical.

Figure 2. Chain of scoria cones is the Chaîne des Puys area

San Francisco Volcanic Field
The San Francisco Volcanic Field (SFVF) is located in North America, Arizona, near Flagstaff, in the south of the
Colorado Plateau. In the area of approximately 4700 km2, there are about 600 scoria cones, lava domes, lava flows and
extensive scoria and ash sediments (PRIEST et al., 2001). The dominant rock of the SFVF is the alkaline basalt.
Because of the low content of silicon dioxide (<54%), the lava is rich in fluids and spreads over a large area due to its
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low viscosity. This type of volcanic activity is characterized by explosive outbursts. In addition to the basalt, there are
also andezitic forms: the central form of the area, the San Francisco volcano’s dominant rock is andesite (52 to 63% of
SiO2 content). Because of its medium viscosity, it is a builder of scoria cones and lava domes. SFVF has some higher
dacitic dome with higher SiO2 content (WOLFE et al., 1987). The most typical forms of the area are volcanic forms,
and the volcanic history of the SFVF is young, dating to only 5 - 6 million years. Within this interval, the age of
structures is on a wide scale. There are cones with ages of a few thousand years (Sunset Crater), million years (San
Francisco Mountain: 0.4-1 million years) and millions of years (Bill Williams Mountain: 5-6 million years) (TANAKA
et al., 1986). The following table shows the age groups defined by the aforementioned studies (COLTON, 1967 and
MOORE & WOLFE, 1976). Older Pliocene cones are located in the western and southwestern parts of SFVF, while
eastward there is a younging trend (TANAKA et al., 1986). The easternmost cones are Late Pleistocene—Holocene in
age. This younging trend can prove that the area has developed over a hot spot (PRIEST et al., 2001).
Based on the classifications of COLTON (1967), MOORE & WOLFE (1976) and USGS 1: 50,000 scale maps,
BATA et al., (2007) defined the following age groups that will be used in this study:
•

1. Holocene—Late Pleistocene (0 - 0.16 Ma)

•

2. Middle Pleistocene (0.16 - 0.73 Ma)

•

3. Early Pleistocene (0.73 - 2.0 Ma)

•

4. Early Pleistocene – Late Pliocene (2.0−2.48 Ma)

•

5. Late Pliocene (2.48−5.0 Ma)

Figure 3. Location of the cones by age in the area (BATA et al. 2008)
gray: 1st age group, green:2nd age group, blue: 3rd age group, red: 4th age group, white: 5th age group

Chaîne des Puys
Chaîne des Puys (CdP) is located in central France, in the Auvergne region, near Clermont-Ferrand, in the south of the
Massif Central. In this predominantly Quaternary volcanic area there are about 100 vents: 48 scoria cones, 8 lava domes
and 15 maars are distributed in North-South direction for about 40 kilometers. The highest point is Puy de Dôme
(Figure 4), which was formed by two domes 10,800 years ago (MIALLIER et al., 2010, 2012, VAN WYK DE VRIES
et al., 2014).
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Figure 4. Puy de Dôme from Puy de Côme
Basalt, trachybasalt and trachyandesite are found in the area, while the other structures (domes) are predominantly
trachitic. The youngest cone is ~ 4.4 ky old, while the oldest is ~ 100 kz old. Based on these, it can be said that,
compared to SFVF, CdP cones are much closer together in time (BOIVIN, 2009).

DATA AND METHOD
SRTM
The DEM data of SRTM (Shuttle Radar Topography Mission) can be downloaded for free for the 80 % of the world. A
more detailed model applies to the continental United States of America (approx. 30*30 meter resolution), while the
rest of the world has made the aprox. 90*90 m version available. We used the 30 meter (for SFVF) and 90 meter (for
CdP) resolution SRTM from the CGIAR (2004) website., and the 10 meter resolution from USGS 3D Elevation
Program.

LiDAR
One of the most accurate methods of surface mapping and terrain modeling is laser scanning based on LiDAR (Light
Detection and Ranging) technology that emits laser light (UV, visible or near infrared wavelengths) and determines the
distance between the instrument and the reflecting surface from its reflection time. We had 5 meter resolution LiDAR
data for the whole Chaîne des Puys, and 0.5 metres for the center part, which is our study area.

Figure 5. Shaded relief map of the San Francisco Mountain
in 30 m (on the left) and 10 m (on the right) resolution
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Figure 6. Shaded relief map of the Puy de Côme
in 90 m (on the left) and 0 .5m (on the right) resolution

Mann–Whitney test
The most common statistical test is t-test that can only be applied to a standard data set. In the present case, however,
most of the data series to be compared are considerably different in size, so we chose the nonparametric equivalent of
the two-sample t-test–used for not standard distribution and ordinal (sorted) variables. The Mann–Whitney test is
especially used to compare groups with a small number of elements. It can be used to determine whether two
independent samples were selected from populations having the same distribution. We calculated value p; if the
significant level is under 0.05, the null hypothesis of the different originating distributions is accepted.

RESULTS
Average relief and slope values were calculated for 308 cones in SFVF, 26 cones/domes in CdP, and the values were
grouped by age. The above mentioned 5 groups (first: 11 pcs, second: 131 pcs, third: 26 pcs, fourth: 113 pcs, fifth 24
pcs) were used in SFVF. We had ages between 8 and 64 ky for CdP’s cones, so 3 groups were created. During
determinations the main point was the equal number of cones of the groups because of the statistical test, so we have
9,8, and-9 cones, respectively, in each group.

San Francisco Volcanic Field
Relief

Figure 7. Boxplot diagram of average relief values of the scoria cones in SFVF
in 30 m (on the left) and 10 m (on the right) resolution
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The results of the analysis of the relief is shown in boxplot diagram (Fig. 7). The figure suggests that the height of the
cones decreases with time, and this trend does not depend on the DTMs’ resolution. It is more important, that the
maximum height is higher and the relief values in one group are less scattered with the 10 meter resolution DTM. These
values are equal with previous researches (HOOPER and SHERIDAN (1998)), unlike 30 meter resolution’s values.

Figure 8. Relief relationships and p values of the age groups of SFVF, significant differences in red (p <0.05)
in 30 m (on the left) and 10 m (on the right) resolution
To show significant differences Mann–Whitney test was used. We can see in Figure 9, of the 10 groups 6 pairs 6 differ
significantly. Although the altitudes in the groups are higher in the case of 10 meters resolution, there is no change in
their proportions.

Slope

Figure 9. Boxplot diagram of average slope values of the scoria cones in SFVF
in 30 m (on the left) and 10 m (on the right) resolution
The most common parameter for describing volcanic edifices is slope. The youngest cones have the steepest shape and
with age it becomes more and more shallow-sloped – regardless of resolution. We have same trend with relief: with
better resolution values have less deviation and are higher. Here it is more typical: according to HOOPER &
SHERIDAN (1998) the average slope is between 26° and 8°. 30 meter resolution DTMs give us non-realistic results.

Figure 10. Slope relationships and p values of the age groups of SFVF, significant differences in red (p <0.05)
in 30 m (on the left) and 10 m (on the right) resolution
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Although there is a big difference between data provided by different resolution DTMs, this does not appear on the
Mann–Whitney test.

Chaîne des Puys
Relief

Figure 11. Boxplot diagram of average relief values of the scoria cones in CdP
in 90 m (on the left) and 0.5 m (on the right) resolution
Because of the small number of cones and the different lithology it is a little bit different with the CdP’s cones
– not very representative –, but both method can be used. We can see in Figure 11 the difference is ca. 50 meters in the
elevation values – which represent the 20% of the full height.

Figure 12. Relief relationships and p values of the age groups of CdP, significant differences in red (p <0.05)
in 90 m (on the left) and 0.5 m (on the right) resolution

Slope

Figure 13. Boxplot diagram of average slope values of the scoria cones in CdP
in 90 m (on the left) and 0.5 m (on the right) resolution
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Figure 14. Slope relationships and p values of the age groups of CdP, significant differences in red (p <0.05)
in 90 m (on the left) and 0.5 m (on the right) resolution
Just like SFVF’s cones the CdP slopes are higher in better resolution (the difference is about 5° in every age
group).

DISCUSSION
It is a common problem in the statistical evaluation of DTM studies that the results might be dependent on the
resolution of the input grid. This is especially true if the evaluation contains calculation of slope angles, because
derivative of the lower resolution DTMs tends to underestimate steeper slopes. As in the case of the scoria cones the
slope distribution (average, standard deviation, etc.) is the key feature describing the cone, the statistical studies always
face the aforementioned problem whether the resolution is influencing the results or not. In our study we intended to
point out that there could be a threshold resolution that is already suitable for defining age groups that give statistically
significant separation.
In Figure 15 we can see the relationships between the relief and slope values of the SFVF’s cones. In axis x there are
the result of the worse DTM, in axis y the better. According to the relief there is no difference in altitude, the values are
located along a nearly 45 ° straight line (y=x). In the slope values there is a larger spread along the steeper straight. The
0.5 meter resolution DTM has higher values (Figure 8); in most cases the difference is around 5°.

Figure 15. Cross-plot diagram of average relief and slope values in SFVF;
black is a fitted and the gray is a 45° line
In case of CdP the resolution difference is bigger (0.5-90 m). Nonetheless the relief values are still located in a same 45°
straight line, but - due to its resolution - it is shifted slightly along the y axis. The previously highlighted difference in
the slope values is also shown here: the average slope of each scoria cone shall be at least 5 ° in different resolutions.
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Figure 16. Cross-plot diagram of average relief and slope values in CdP;
black is a fitted and the gray is a 45° line
In the two presented areas the total number of cones are very different, however, the behaviour has been found similar.
In order to double check our conclusions we randomized the values of the SFVF (unfortunately in case of CdP the total
number of cones is too low for that) and grouped randomly into groups. Of the 10 such random tests 8 showed p>0.05
values for every (10) group pairs and only 2 cases provided p<0.05 (significant difference). The Mann–Whitney test
results clearly indicate that the age groups have a strong relationships with the degradation of the cones.

CONCLUSIONS
Based on the results obtained from the comparisons of the two study areas we can conclude:
1.

In accordance with our expectation using a better resolution DTM will provide more realistic results and it is
more straightforward to compare scoria cone groups.

2.

The significance of the differences can be highlighted most prominently by analysing the slope angle
distributions. If the number of cones is high (like in the case of SFVF) the age-based grouping shows clear
differences; this observation is supported by the fact that randomization of the grouping in many cases does not
show statistically significant differences.
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Abstract
This study presents the basis for the system for the automation of the development of military passability maps,
developed by the author. The system is based on determining the index of passability for primary fields of various sizes.
It is defined with use of data on land cover elements and the “terrain resistance coefficient”, which was assigned a
priori to each class of objects. The article provides a detailed discussion of the module that visualizes the obtained
cartographic studies. To improve the usability of the generated maps, the author conducted an analysis of the base
material (raster and vector topographic maps), on which the passability maps were then overlain. The conducted
analyses were complemented by surveys, in which potential users presented their expectations concerning the discussed
maps. Thus, the key conclusion of the paper will be the answer to the question: which cartographic forms of expression
will allow us to obtain a map of passability that will be optimal for the specific type of troops?
Keywords: Geovisualization, Cross Country Movement, Maps of passability

INTRODUCTION
One of the main components of the military terrain analysis, is the classification of the operations area in terms of
passability. It consists in dividing the terrain into three classes: impassable terrain – NO-GO, difficult to pass – SLOWGO and passable – GO TERRAIN (‘Field manual 5-33 Terrain Analysis’, 1990). It is used by the commanding officer
and headquarters to plan operations as part of the Intelligence Preparation of the Battlefield (IPB) (‘Field manual 34130 Intelligence Preparation of the Battlefield’, 1994, p. 130). This analysis constitutes the basis for generating military
passability maps. Their main aim is to design avenues of approach and mobility corridors (i.e. the directions of
movement of own and enemy forces), which, if possible, should not cross NO-GO or SLOW-GO areas. Considering the
major influence of terrain on conducting military operations (M. Hubacek, Kovarik, & Kratochvil, 2016; Martin
Hubacek, Ceplova, Brenova, Mikita, & Zerzan, 2015), such maps should be generated in a correct way and as quickly
as possible. The aim of the research on the automated development of military maps of passability is to shorten the time
of their creation. Such studies have been discussed in numerous publications. Commonly used methods include those
implemented in Geographic Information Systems (Krzysztof Pokonieczny & Wyszyński, 2016; Rybansky, Hofmann,
Hubacek, Kovarik, & Talhofer, 2015) and even artificial neural networks (Krzysztof Pokonieczny, 2017b). All the
articles quoted above, resulted in generating digital versions of passability maps, which should be visualised in a form
that enables soldiers to use the maps (often in analogue, i.e. printed form). Such maps should be transparent and, even
more importantly, they should be easily (even intuitively) readable for often unqualified users.
However, the same information on passability visualised with use of different parameters may bring completely
different results, depending on the type of the method used. Considering the above, the present paper discussed the
research problem considering the influence of cartographic visualisation parameters on the resulting terrain passability
maps. The author set two main research questions: Does the selected visualisation method of military maps of
passability (more specifically, the selection of classification thresholds) affect the resulting maps? The other question is:
Which visualisation parameters will result in the best passability maps? Due to the fact, that the concept of “best” maps
may be subjective, the research process involved conducting a survey among current and potential users of such maps,
i.e. soldiers. The authors used the method of automated terrain classification for the purposes of generating passability
maps, developed as a result of previous studies and based on determining indices of passability (IOP) calculated for
primary fields basing on vector data about land cover (Krzysztof Pokonieczny, 2017a). The developed passability maps
are overlain on topographic maps. Considering the above, the paper also discusses the problems of applying various
base maps on which maps of passability may be overlain. It should also be noted, that the scope of application of terrain
passability maps discussed herein, may be wider than merely military applications, because after introducing changes to
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the parameters of the performed analyses, such maps may be used to estimate the possibility to reach certain points, for
example by rescue teams, while performing their tasks related to crisis management.

METHOD
All the analysed passability maps were generated for the geopolitical area that is essential both for Poland and for the
whole NATO, i.e. the Suwałki Pass. This area is located in the north-eastern part of Poland and it covers approx. 3000
km2. Apart from its enormous strategic importance (Elak & Śliwa, 2016), it is characterised by diversified land cover. It
includes large forested areas (approx. 15% of the surface area), some of the largest lakes in Poland (5 %), a welldeveloped river network and marshes. Its northern part covers both large terrain denivelations (up to 10 degrees) and
large, open plains that constitute good passability terrain, as well as a large developed area (the city Suwałki, Figure 1).

Figure 1. Test area (left) and the visualisation of the M755 topographic map (right)
The source material used was a level 2 vector map (VML2), which is a standard, military, general geographic spatial
database of a level of detail corresponding to military topographic map in a scale of 1:50 000 (M755 series, on the right
side, Figure 1) This map covers 9 usable object categories, such as: borders, relief, physiography, transport, buildings,
hydrography, vegetation, and aviation content. The structure of this database is compliant with the DIGEST standard
(‘STANAG 7074, ed. 2: Digital Geographic Information Exchange Standard (DIGEST)’, 1998) that specifies the
method of defining objects for all military vector spatial databases. Due to high level of detail and costs, this product
was not developed for the whole area of interest of the Alliance (‘Military specification MIL-V-89032 Vector Smart
Map (VMAP) Level 2’, 1993).
The main assumption for the conducted research was to calculate the index of passability (IOP) for a square-shaped
primary field (the IOP was calculated for the surface area of the whole square). For this purpose, the analysed area was
covered with a grid of squares of various side lengths (100, 500 and 1000 m). Data about land cover elements that are
present in each field, were obtained for each of the fields, with use of a specially designed application (these data have
been obtained from VML2, Figure 2). Additionally, each primary field was assigned the land denivelation parameter
defined as the average slope, calculated from all points of the numerical model of land inclinations located in the area of
the given primary field. It was created with use of the Shuttle Radar Topography Mission Level 1, (Farr et al., 2007).
Area (e.g. forests)

Line (e.g. roads)

Point (e.g. building)

Slope

Figure 2. Exemplary visualisation of data in used data model
The developed data model constituted the basis for generating land passability maps. They were created with use of the
method based on the Vegetation Roughness Factor. This method enables to assign each primary field an index of
passability (IOP) in a continuous range from 0 (impassable land) to 1 (land with perfect traction characteristics). It takes
into account all land cover elements included in the VML2 and the applied digital terrain model. A detailed description
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of this method, along with the manner of calculating the index of passability, was provided in (Krzysztof Pokonieczny,
2017a).
As a result of the process discussed above, each square-shaped primary field of a side length of 100, 500 and 1000 m
was assigned an index of passability. The key issue discussed in this paper was the problem of cartographic
visualisation of the obtained indices of passability. The chronopleth method was used to provide a solution (Bielecka,
Pokonieczny, & Kamiński, 2014; K. Pokonieczny, Calka, Bielecka, & Kaminski, 2016; Krzysztof Pokonieczny,
Bielecka, & Kaminski, 2014). Grayscale was used for data visualisation. It was assumed that primary fields with the
index of passability equal to 0 (impassable land) will be represented in black, while those with IOP = 1 were coloured
white. Intermediate values were designated with grey, basing on the assumption that the intensity of grey progressed in
a linear way with the increase in IOP. In order to facilitate the interpretation of the obtained passability maps, in the
conducted tests the obtained indices of passability were divided into classes. Division into 10 and 3 classes was used.
The second division corresponds to terrain classification in terms of passability (GO, SLOW-GO and NO-GO
TERRAIN) described in the standardisation document (‘NO-06-A015:2012, Terrain – Rules of classification – Terrain
analysis on operational level’, 2012). The aim of the presented research was to perform tests consisting in assigning a
different range of values of indices of passability to each class. The division offered by the popular spatial information
system QGIS (‘QGIS project’, n.d.) was applied:
•

equal interval – division consisting in the application of intervals of the same size. If 10 intervals are used, this
size equals 0.1, while for 3 – it equals 0.33;

•

quantile – in this division the same number of indices of passability is assigned to each class. Range limits are
defined as the lowest and the highest value of IOPs assigned to the given class;

•

jenks (natural brakes) - is a data clustering method designed to determine the best arrangement of values into
different classes. This is done by seeking to minimize each class’s average deviation from the class mean,
while maximizing each class’s deviation from the means of the other groups. In other words, the method seeks
to reduce the variance within classes and maximize the variance between classes (Jenks, 1967).

Divisions into classes were also performed with use of the courses of selected, mainly trigonometric, functions. The
following functions were applied: hyperbolic tangent, logistic (with a β parameter of 5), quadratic and arc sine. In cases
when functions were applied, both the arguments and values of the function were normalised to a range from 0 to 1(this
is also the range in which indices of passability are calculated). Thus, the determination of upper range limits consisted
in calculating the value of the function for arguments being the quotient of the sequential number of the class and the
number of classes used (3 or 10 in the conducted tests). The percentage share of the number of primary fields located in
the given class was also calculated (diagrams in Table 1). The obtained classes constituted the basis for the visualisation
of passability maps for three primary field sizes (columns A, B, C, Table 1). Additionally, histograms of the distribution
of indices of passability were determined for the analysed primary field sizes (Table 1, first row).
Apart from the analyses connected with selecting the limits of class ranges, the authors also performed tests concerning
the application of various underlying data as base maps used for the visualisation of the obtained maps of passability.
The tests consisted in overlaying the passability layer on three types of base maps: raster map, vector map level 1 and
vector map level 2 (Figure 3).
In order to determine the usability of the generated passability maps for planning military operations, a survey was
conducted on 159 soldiers (both cadets and professional soldiers), whose task was to answer questions concerning all
the generated passability maps (Table 2). The respondents were asked to specify those maps that, in their opinion, could
be used for the realisation of the IPB process (they could choose any number of maps). Additionally, the respondents
were asked to choose the most convenient cartographic base on which this maps were to be overlain (Table 3).

RESULTS
Histograms presenting the distribution of indices of passability and visualisations of passability maps, with a diagram of
the division into classes and the percentage of IOPs assigned to each class, are presented in Table 1. Data are provided
for all analysed primary field sizes (Columns A, B, C).
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Table 1. Distribution of indices of passability and visualisations of passability maps with a diagram of the division into
classes
Primary
field size

100 m (A)

500 m (B)

1000 m (C)

Number
of IOPs
Value
of IOP

Histograms
of IOP
distribution

Colors of
each class

1)
Equal
ranges
(10
classes)

Graph of used
function

percentage of
IOPs assigned
to each class

Value
of IOP
No. of
class

2)
Equal ranges
(3 classes)

3)
Quantile
(10 classes)
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4)
Quantile
(3 classes)

5)
Jenks
(natural
brakes)
(10 classes)

6)
Jenks
(natural
brakes)
(3 classes)

7)
hyperbolic
tangent
(10 classes)
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8)
hyperbolic
tangent
(3 classes)

9)
Logistic
(10 classes)

10)
Logistic
(3 classes)

11)
Quadratic
(10 classes)
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12)
Quadratic
(3 classes)

13)
Arc sine
(10 classes)

14)
Arc sine
(3 classes)

Sample visualisations of passability maps overlain on different types of base maps are presented in Figure 3.
Raster map

Vector map level 1

Vector map level 2

Figure 3. Maps of passability and different types of base maps
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Table 2 and 3, contains the results of the conducted survey. Map designations correspond to the columns and lines in
Table 1. The numbers at each map represent the number of votes for each map among 159 respondents.
Table 2. Results of conducted survey (usability of the generated passability maps for planning military operations,
red – hight, blue – low number of votes)
Equal ranges

Quantile

Hyperbolic
tangent

Jenks

Logistic

Quadratic

Arc sine

1

2

3

4

5

6

7

8

9

10

11

12

13

14

Sum

A

84

147

81

73

115

152

37

41

21

0

51

45

141

154

1140

B

70

132

95

78

132

154

40

29

45

0

53

41

152

137

1157

C

64

105

43

85

89

109

5

19

43

0

40

33

107

122

864

Sum

217

384

219

235

336

415

81

89

108

0

144

119

400

413

Table 3. Results of conducted survey (most convenient base map)
Raster map
135

Vector map level 1
21

Vector map level 2
112

DISCUSSION
42 different maps of passability were created as a result of the research. The main task set for such maps is to provide a
clear yet accurate representation of the terrain passability conditions. Considering the above, it is desirable to highlight
the biggest differences (contrast) between passable and impassable areas. Additionally, from the point of view of the
level of detail, it is important that for the applied division into classes each of them should ideally contain a large
number of primary fields. Situations when the range limits are selected in such a way that part (or one) of them is
assigned a large number of primary fields and the other ones are completely or nearly empty, is undesirable.
Considering that and analysing the resulting maps (Table 1), one may reach the following conclusions concerning the
application of the methods of dividing into categories:
•

Equal ranges (Table 1, rows 1-2) – the division allows to present the actual values of indices of passability.
Separating NO-GO and SLOW-GO areas is not a problem, but the maps (row 1) clearly show that passable
areas are represented in grey. The number of primary fields in each class corresponds to the passability
distribution presented in the histograms.

•

Quantile (Table 1, rows 3-4) – placing the same number of objects in each class enables to highlight the variety
of indices of passability in the best possible way. Thus, maps developed with use of this method are
characterised by the highest level of detail. However, this division is artificial, as the assignment of indices of
passability to specific classes was not based on their values. This may lead to errors in reading and
interpretation of data contained in maps created with use of this method.

•

Jenks (Table 1, rows 5-6) – in this classification, the limits were determined with use of a calculation
algorithm, so they are dependent on the input data. Maps generated with use of this method are a compromise
between the two methods described above. It is noticeable, that the indices of passability are distributed more
evenly in specific ranges than in the equal ranges method, while at the same time maintaining the nature of the
actual IOP distribution (as opposed to the quantile method).

•

Hyperbolic tangent (Table 1, rows 7-8) – the applied function creates classes that place nearly all primary
fields in the first 6 ranges (row 7) or first 2 ranges (row 8). This limits the legibility of maps considerably, as
they have become dark.

•

Logistic (Table 1, rows 9-10) – the situation is similar to the distribution discussed above. Nearly 100% of the
primary fields are assigned to ranges 5-7 (row 9), which makes the differences between NO-GO and GO areas
hardly noticeable. It is impossible to use this function for the division into 3 classes, as all primary fields are in
range 2 (row 10).

•

Quadratic (Table 1, rows 11-12) – when this function is applied, most of the primary fields are assigned to
ranges 6-10 (row 11). In practice, this makes the resulting map “lighter” as these ranges represent high
passability values, which, in the adopted visualisation method, are marked in grey to white colours.
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•

Arc sine – (Table 1, rows 13-14). The course of this function generates ranges that divide indices of passability
while maintaining the characteristics of input data distribution. The resulting maps are legible, with clearly
contrasting GO and NO-GO areas.

Different ways of division into classes were used for three primary field sizes (Table 1, columns A, B and C). The
comparison of the resulting maps in this aspect shows, that a smaller field size offers the possibility to design a larger
number of narrower avenues of approach and mobility corridors for troops. The degree of generalisation increases with
increasing primary field size. The cartographic representations in maps developed for primary fields of a side length of
1000 m are noticeably more general, which makes them suitable for use on higher, operational levels of command. The
analysis of the IOP distribution histograms for maps created with use of a 100 m primary field, shows a rapid increase
in the number of primary fields with an index of passability of approx. 0.8. The location of these primary fields
corresponds to the position of roads on the map, and roads are a key element for determining passability conditions.
Due to this and to the fact that the level of detail in these maps is the highest, such maps should be used for planning the
movement of small tactical units or they may be applied in crisis management.
The survey results unambiguously confirm the findings discussed above. A major part of respondents considered maps
that highlight the differences between passable and impassable areas as usable for IPB-related purposes. The maps
considered as the most useful were those, where the division had been performed with use of the Arc sine method (85%
of all votes), Jenks method (79 %) and Equal ranges (63 %). According to the respondents, the least useful methods
were the Quadratic (28 %), Hyperbolic tangent (18 %) and Logistics methods (11 %). The preferences of the
respondents concerning the number of classes used are nearly identical. 50% votes were cast for 3 classes and 45%
votes for the division into 10 classes. The analysis of results related to the size of primary fields demonstrates that the
respondents prefer smaller primary fields – 51% votes for the 100 m field, 52% for the 500 m field, while 39% voters
supported the 1000 m field.
The survey of preferences concerning the selected base material for the resulting passability maps showed, that most of
the respondents prefer the application of raster maps (85 % votes). These maps, generated from analogue topographic
maps, are commonly used by soldiers and are characterised by high legibility. Slightly fewer respondents (70 %) voted
for the visualisation of level 2 vector map. The fewest supporters (39 %) voted for the base material generated from
level 1 vector map (which corresponds to an operational map in a scale of 1 : 250 000).

CONCLUSIONS
The obtained results demonstrate unambiguously that the application of various methods of division into classes has a
vital influence on the final visualisation of passability maps. All the resulting maps, although they were generated with
use of identical indices of passability, are radically different. These differences result from the course of the function
that has been used to create the given range. The linear function does not enhance any ranges of value of the IOPs. In
the course of the hyperbolic tangent function, half of all the classes used fall in the range of IOP values between 0.85 to
1. The opposite situation occurs for the quadratic function. Here, half of the ranges correspond to IOP values from 0 to
0.3. The function that resulted in very transparent passability maps was the Arc sine function. In this division, half of
the breaks cover the medium values of indices of passability, i.e. from 0.4 to 0.7. This division gives very good results,
as it reflects the distribution of IOPs (most of the primary fields fall into this break, see histograms in Table 1).
Considering the above, the nature of the terrain for which passability maps are developed should be considered when
selecting the method of visualisation. The hyperbolic tangent function that brought very poor results for the analysed
area, will allow to generate legible maps in areas with perfect passability conditions. This results from the fact that this
function enables to represent areas of good passability with use of a large number of breaks (this diagram allows to
represent high IOP values with a high “resolution”). Among the functions featured by commonly used GIS software, the
Jenks method is worth noting. What makes this method universal is the fact that when it is applied, break thresholds are
determined depending on the distribution of variables.
The visual analysis of the generated maps, confirmed by the conducted survey, demonstrates that the final passability
maps should clearly depict the differences between passable and impassable land. This facilitates the interpretation of
the maps and marking the avenues of approach and mobility corridors. The research demonstrated, that the application
of three classes facilitates the interpretation of passability conditions, as the IOPs are classified analogically to the
classification used in standardisation documents (NO-GO, SLOW-GO, GO areas). Such way to represent passability
conditions may prove more friendly for many users, who value the "traditional” approach to the classification of land in
terms of passability. However, the level of detail is lower than in maps that use 10 classes, which is a disadvantage. The
application of a higher number of classes improves the possibility to recognize smaller (more subtle) differences in
passability on the resulting maps, which may be of key importance in the process of detailed planning of military
operations.
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Abstract
This work aims to expose, through remote sensing, spatial analysis methods and a geographic information system
(GIS), the situation of land occupation in the Restrict Protection Zone (ZPR) in the environmental protection area of
Joanes / Ipitanga. Created by decree number 7,596 of June 5, 1999, the area of protection include some cities of state
of Bahia, and it has an area of approximately 30,000 ha and an extreme importance for environmental conservation,
for example, a dam called Ipitanga I. As results we observed that the hospital of Salvador appropriates 0.50 ha of the
protection area, corresponding to an area inside protection of the water accumulation of the Ipitanga and Joanes
rivers. It is possible as well to notice a presence of irregular settlements, with different society levels, creating a zone of
land speculation.
Keywords: Visualization using Geotechnologies; Environmental protection area; Territorial conflict; Irregular land
occupation

INTRODUCTION
Created by Decree No. 7,596 of June 5, 1999, in view of the provisions of Law no. No. 3,858, dated November 3, 1980,
and based on Federal Law nº 6,902 of April 27 in 1981, and based also in the CONAMA resolutions nº10 of December
14, 1988, and nº 012 of September 14, the environmental protection area (APA), is covered by part of the municipalities
as: Camaçari, Simões Filho, Lauro de Freitas, São Francisco do Conde, Candeias, São Sebastião do Passe, Salvador and
Dias D’ Ávila, with an approximate area of 30,000 ha. The region where it’s inserted, presents hot-humid climate and
abundance of water resources. Composed of restinga, a kind of singular vegetation, they shelter species of fauna and
flora of great importance for the ecological balance, mangroves, rich in biodiversity, where are found in the estuary of
the river Joanes (INEMA, 2016). In the APA are remnants of Atlantic Forest and wild birds quite representative. It was
created with the main objective of ensuring the quality of the water supply and the sources found in the area, since it
presents great value in the water resources of the cities that is compose it, with approximately 40% of that used in the
city of Salvador, the capital of Bahia, as show in Figure-1.
In a brief historical review about the occupation around this area, it is only recorded that in the middle of the XVIII
century (1758), Vila Nova Ambrantes do Espirito Santo appears, located in the area of the present municipality of
Camaçari, which had as a sub-existence some mills of sugar and alcohol processors. Between the XIX century and the
middle of the XX century, such processors start a decline and in the decade of 50 some bases of extraction and refining
of petroleum were implanted in the region, a fundamental element to trigger of the process, that culminated with an
important cycle of development of the analyzed area. In the 60's and 70's, industrial buildings and processors of basic
products for the fine chemicals were installed, represented by the Camaçari Petrochemical Complex - COPEC. The
search for work made the Metropolitan Region of Salvador (RMS) grow considerably between the 1960 and 1990,
triggering what was called by population overflow cycle (APA Environmental Diagnosis, 2010). However, the part
referring to the city of Salvador remained in opposition to this flow of population until the 1980s. The region where
today the APA is located covers the neighborhoods of Boca da Mata, Cajazeiras and Fazenda Grande, places where did
not have urban planning or infrastructure over the years, especially in the 90's, which was the peak of the local
population. Being a popular neighborhood, there are no public policies to the people or the environment in question.
Today the inhabited area is mainly composed of irregular occupation, much of which is inside an area of environmental
protection, it’s known as ZEIS-4 (Special Area of Social Interest), a zone characterized by the PDDU –Urban
Development Master Plan of the city of Salvador in the years of 2008 and 2016. The ZEIS-4 has been done two times,
the first in the PDDU of 2008 and PDDU at 2016. The ZEIS construction was done without a social and territorial
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conception, that was a target of so many questions by the people who leave inside that zone. And this inconsistency
made a “strong factor to increase some conflicts.”
The starting point for the study was to verify the information disclosed by social movements against the installation of
the Municipal Hospital in that region of environmental preservation, and some people who fight for the natural area
protection. In the first half of 2016, local social groups began to raise questions in public hearings, related to the
building and in forums related to the preservation of watersheds and environmental rights, such as the XVIII Encontro
National Rivers and Basin Committees (Encob). The projected blueprint of the hospital is comprised between the
access of the highway and the edge of the water reservoir, which brings strong direct impacts to the ciliary margins of
the dam of Joannes-Ipitanga.
In an interview with GAMBA (Bahia Environmental Group), the coordinator of the APA's managing council, Genici
Braz, says that use of the project is not compatible with the zoning determined in the APA management plan, and the
municipality was notified of the incompatibility.
During the research on the geometric definition of the polygons involved and the overlap with the image sets, it was
possible to identify a good amount of urban housings of different social levels, with recreation equipment and areas
used by irregular occupation, mainly with the fervor of real estate speculation after the construction announcement of
the hospital. Inside of this identification process was found incompatibilities in the conflict’s scenario, some politicaleconomic interests are overlapping the environmental issues and social rights. In this sense, the tools of geotechnology
offer an enormous contribution to the visualization, analysis, and support to take conclusions about the conflicts
installed there, making possible the decision making from several factors established there.
In a country with a continental dimension such as Brazil, with a great lack of adequate information to make decisions on
urban, rural and about environmental problems, geoprocessing presents enormous potential, especially if it’s based on
relatively low cost technologies, where knowledge is acquired locally, as CAMARA et. al. (2001) said.
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Figure 1 - Localization map of the study case

IMPORTANCE OF GEOPROCESSING FOR TERRITORIAL CONFLICTS STUDIES
CAMARA et al. (2004) said that the geoprocessing term denotes the discipline of knowledge that uses mathematical
and computational techniques for the treatment of geographic information. The diverse areas of the study can use the
tools and benefits of a GIS, making it an interdisciplinary technology that allows the obtaining of information, from the
processing of other variables that have been spatialized in the system. In this way, the concept of geographic space is an
important link between the Science of Geoinformation and other sciences, whether natural or social. (Heimer and
Carvalho, 2015).
Geotechnology, commonly called geoprocessing, is divided into several areas or tools, such as geoprocessing and GIS,
remote sensing (SR), spatial analysis, photogrammetric products of different orbital levels, geodetic satellite positioning
technologies (GNSS), among others. These are intended to describe, model and represent the space where the data are
geographically located. In this context, the use of geotechnology aggregates values and brings us results of great
importance for the current work, since it allows details of the space studied by the APA of Joanes-Ipitanga, coming
from images of several satellite bases, through an online server, besides of the possibility of overlapping polygons in the
Shapefile format, which were made available by official departments, such as the zoning of the Conservation Units of
the state of Bahia (UC-BA), delimitation of neighborhoods in the city of Salvador, and hydrography of the state of
Bahia. The representation of these data as layers in a GIS, allows us to model the situation according to the all parts
involved. For CAMARA et. al. (2001) in a generic way, "If where is important for your business, then Geoprocessing is
your working tool" Whenever what appears, among the issues and problems that need to be solved by a computerized
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system, there will be an opportunity to consider the adoption of a GIS. In this scenario are inserted our objects of study,
which are the housing facilities, the Municipal Hospital of Salvador and the new irregular subdivisions located in the
ZPR of the APA of Joanes-Ipitanga.

Figure 2 - Localizaition Zoom at ZPR area

MATERIALS AND METHODS
Initially, a bibliographic review was done, based on the object of study and the use of geotechnology tools. In order to
make possible the spatial analysis of the situation of the protected area of the Joanes-Ipitanga, was found the spatial
information about the region, following a study of the current legislation in all administrative levels, as federal, state
and municipal. This methodological procedure was conceived with the intention of constructing an accessible and lowcost step-by-step approach in order to bring the use of geotechnology closer to the other public, in areas where
territorial, environmental or social conflicts exist or may arise. One of the first steps is to revise the legislation regarding
the object of study, this step is very important, especially when inserted in the Brazilian reality of official data publicity.
It’s necessary to make sure that the data has validity given by law. In this case, was performed a research in the current
legislation of the sides involved in this scenario, both at federal, student and municipal levels. The main laws that
served as reference were Federal Law nº 12651 of May 2012; Resolution n° 428 of December 2010 CONAMA; Law n°
10431 of December 2006 of the State of Bahia; CEPRAM Resolution nº 2974 of May 2002 and Law nº 9069 of 2016 of
the municipality of Salvador-BA.
After a review of the legislation involved, we proceeded to the digital data acquisition process, it can be found or
acquired in different ways, but it’s necessary to be alert to the data source and its metadata. Often official data can be
available by government portals or required by formal requests. It’s also possible to enter data from a research center or
data linked to universities and public research centers. This data can be available in different formats, like shapefiles,
GeoTIFF, csv spreadsheets, text documents, KML format, CAD, among other different extensions that will need a
certain treatment before use. In the analysis of the APA of Joanes-ipitanga the data of its limit were collected, inside a
file that represented all the preservation areas of the state of Bahia. These data were obtained from Inema - Instituto do
Meio Ambiente e Recursos Hídricos1, whose purpose is to execute the actions and programs related to the state policy
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on the environment, water resources, climate change and protection of biodiversity. The data of districts and basins are
referring to the Caminho das Águas em Salvador – Bacias Hidrograficas, Bairros, and Fontes2 (SANTOS, M.E.P et.al.).
All data processing was done in the free software Quantum GIS-QGIS (version 2.14 - Essen), the choice of the
processing software started from the principle that the whole process must follow the line of low cost and that there are
abundant materials on the internet, with a view to exemplifying the possibilities of the tool and for possible solutions.
When inserted into the GIS software, the information previously acquired becomes data and through some plug-ins are
geospatial, becoming layers of geoprocessing. With the help of three add-ons or also called plugin-in, all computations
were started: was used a Open-layer tool that allows to add layers of free online mapping services to the visualization
screen of your project, besides that we use the geo-referencing complement, which allows geo-locating or
georeferencing rasters images to a geographic or projected coordinate system (metric), allowed the creation of a new
GeoTiff image. In order to transform text lines of federal legislation documents into layers, it was necessary to perform
a vectorization of a line referring to the river courses. From this, it was used the complement, MMQGIS, which is one
of the most commonly used add-ons by QGIS users, allowed the determination of a layer of buffer, which are polygons
that contour an object according to a linear parameter, or also called by radius of action software. According to the
pertinent parameters in the environmental legislation, referring to the areas of permanent preservation, the rays were
used based on the watercourse of the river, that includes all the extension of the dam. Once the Shapefile of the buffer
was determined and created, it was possible to reference all the vectors in a single reference system and begin
overlapping the layers. From the visualization of the satellite images, available in the Open-layers add-on, a
vectorization of the anthropic areas was carried out, which are inserted in the strict protection zone. In order to know the
location and validate some of the data present in the mapping, a field trip was carried out with a navigation GPS device,
making it possible to take points that served as a spatial reference for some conflicts. In this trip to the field, it was
possible to interact with residents and witnesses of the process of environmental change and degradation of the region.

RESULTS
One of the first results that were still observed in the process of data acquisition and validation of the maps, with the
geovisualization, it’s possible to obtain information for the pre-field, facilitating and reducing the cost of the process.
thereby was possible to clearly observe the territorial and environmental conflict that was represented by the spatial
overlap between, the delimitation of the zone of strict protection of the environmental protection area of the Joanes–
Ipitanga and the area occupied by the construction of the municipal hospital of Salvador. In other words, a duality of
use an environmentally protected region. The area which the hospital appropriates is approximately 0.50 ha of ZPR,
corresponding to the protection range of the water accumulation of the Ipitanga- Joane’s rivers. Figure 3 demonstrates
this spatialization and how close to the bank of the dam, the Hospital is being constructed.
In this way, the environmental irregularity can accelerate the process of environmental degradation already established
in the environment. Having already established the correlation and topology among the polygons, through the satellite
image, a visual survey of the areas occupied by existing equipment within the ZPR was done, as shown in Figure-4
(Images 1,2 and 3). In an analysis it is possible to observe, there are several residences of different construction levels,
making it clear, that not only are low-income houses or communities in a situation of low income, but also irregular
buildings with large spaces of leisure, largely built area, with typology totally different from most of the houses of that
locality.
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Figure 3 –The Satellite image of the territorial conflict established on the bank of the dam
These enjoy the natural beauty and exclusivity in the protection zone. After the field-trip, was possible to accurately
identify the current state of the locality, since the satellite images available in the OpenLayers complement have a delay
of approximately 7 to 12 months. Using the navigation GPS, points were taken of new irregular subdivisions, also
inserted in the ZPR, as shown in image -4 of Figure-3, these are part of areas invaded due to lack of the inspection.
These delimitations are barring some ways passages that give access to the dam, depriving the population of the
common use of this urban infrastructure. Still on the process of irregular invasion of the protection area, according to
some residents of the Boca da Mata region, there is a relationship with the invaders and the low income vulnerable
population of the neighborhood, where, after the invasion and delimitation of the terrain, they receive a certain amount
of money to remain to occupy the area, making it difficult to remove the occupied place. It is possible to identify the
deforestation and delimitation of these sites in Figure-4. It was found, in fact, the municipal hospital of Salvador
occupies an area of the strict preservation zone, settling very close to the Jonnes-Ipitanga dam, responsible for 40% of
the drinking water supply of the city of Salvador, which according to specialists, increases the environmental imbalance
and degradation of the area. In addition, it is clearly exposed many buildings and housings inserted inside the ZPR, a
zone that does not admit duality in its use. Such equipment remains and continues to be built, due to the weak
environmental inspection available. Consequently, the area is lost with vegetation and biodiversity, bringing several
complications that mainly influence the quality of the urban environment.
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Figure 4 - Buildings inserted in ZPR (Image 1, 2 and 3) and new irregular occupations (Image - 4)

CONCLUSIONS
It is clear that the use of the GIS tool allows the production, organization, and construction of possibilities in the use of
spatial data. The use of this free tool, in a fast, simple and without the need for more complex techniques of the process,
allowed to express the non-compliance with the environmental protection legislation and consequently the invasion and
degradation of the infinitesimal piece of Atlantic forest remained inside the city of Salvador. This type of analysis is
very important, it can enable managers and the public itself to have the power to analyze and make decisions, knowing
exactly where to intervene, applying time and public money more efficiently and on target.
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Abstract
The agricultural territory is a rural area or a region centered on the production of goods from the primary sector and
specialized mainly in a few agricultural products. Spatial planning of the agricultural territory which accounts for the
allowing nature, mechanization and social production factors may be considered a crucial aspect of the economy, rural
and regional development processes. Since the integrated management of the agricultural territories to create favorable
territorial conditions for efficient and sustainable production of goods is poorly covered in the national legal
framework, there was a need to develop a concept for its spatial structure. Furthermore, there was a need to develop
the concept of the General Development Plan and the Specialized Detailed Development Plan to include the spatial
elements and zones of the agricultural territory with certain visualization. The paper presents an outline of a consept
for spatial planning of the agricultural territory on the base of zoning of the agricultural production, quality of land
and nature resourse peculiarities of the site. It describes the types of spatial zones and the territorial elements, which
are to be included in the General and Detailed Development Plans. The concept is supported by cartographic
visualization, which includes a signage system and problematic analysis of the urbanized territory mapping in these
plans. The methods for basic cadastral and thematic information, its structure in GIS environment, the formats and data
sources, the principles for creating the sign system, as well as its cartographic application are described in detail.
Keywords: Spatial planning, General Development Plan, Specialized Detailed Development Plan, Land-Use Plan,
Agricultural territory, Zones, Territorial elements, Cartographic visualization

INTRODUCTION
The agricultural territory shares some 58% (MAF, 2012) of the national land fund and 80% of it has potential for
agricultural production. In spite of its great importance for the specialization of Bulgarian economy, its spatial
development is hardly reflected in the legislation of the country. There are some texts on agricultural spatial planning in
the following normative documents: Spatial Development Act (SDA, 2001), Agricultural land Ownership and Use Act
(ALOUA, 1991), Agricultural Land Protection Act (ALPA, 1996), Inheritance Act (IA, 1949), Agricultural Land Lease
Act (ALLA, 1996) and in other regulatory and sub-normative documents. The SDA (2001) is laconic: Art. 111
generally regulates the development of Specialized Detailed Development Plans (SDD Plans) for agricultural and other
territories, which are intended to “solve particular structural problems and cover structural parts of the municipality's
territory". The ALOUA (1991) addresses some issues of one-year land use planning for land use massifs, allows
activities that are related to the spatial structure of the agricultural territory such as land compensation, land acquisition,
and land consolidation. The ALPA (1996) foresees measures for conservation and restoration of soil fertility. None of
the laws reflects a comprehensive management concept for integrated planning of the agricultural territory with
objectives, measures and actions, based on technological indicators for ensuring the economic development of the
farms, the sustainable land use and the balance of its functions with the other types of territories. Furthermore, there is
no regulated terminology associated with such planning, although some sub-normative and legal-administrative acts use
such terminology. The term "land-use plan" is used in the Implementing Regulations of ALOUA (IRALOUA, 1991). It
is referred in Art. 13a, para. 4, item 2 and Art. 18b, para. 1 IRALOUA, (1991) to as a "structural land-use plan before
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the formation of the cooperative farms and state-owned farms”: obviously a graphic documentary form the past. The
terms "land-use draft project" and "land-use plan" are found in municipal planning and strategic development
documents in their agricultural parts. Some legal and administrative acts that solve private property problems also
mention them. The only contemporary legal reference for a document with such content is in the SDA (2001), i.e. the
"Specialized Detailed Development Plan for agricultural territories". The content of the General Development Plan (GD
Plan) is full of details about the urbanized territories as it is supposed to be. The other territories are presented by their
borders and several territorial elements. So is the agricultural territory. The problem is that the spatial development of
all the other type of territories (forest, protected, etc.) has its regulations in particular normative documents. The
regulatory mechanisms for the agricultural territory concern just the ownership and partially the use of the territory in
terms of legal rules for its distribution among the tenants. There are no comprehensive regulations for spatial
development of these territories, which is a serious legislation gap in the legal framework that has negative sequences
on utilizing of land yield potential on the economy of farms, regions and the state. As a consequence of this gap the
current spatial planning of the agricultural territory is unofficial, chaotic and non-holistic. This explains the lack of:
spatial decisions for the agricultural territories in the GD Plans, according to the natural characteristics and the
anthropogenic impacts; rules and technical standards for the development of the Specialized Detailed Development
Plans (SDD Plans) for the agricultural territories; developed and implemented land-use plans. If such plans will be
developed in future, the conditional signs of topographical and cadastral mapping will need complementing and
specifying.
The objectives of this study are: 1) to develop a concept for spatial development of the agricultural territories and its
implement in the spatial development plans; 2) to develop conditional signs for the spatial and land-use plans.

MATERIALS AND METHODS
Documentary analysis was used on normative, strategic, historical and other documents from the country and abroad in
respect of spatial and land-use planning, including national documents for regional development, the National Concept
for Spatial Development (NCSD) 2013-2025, Ordinances of the Council of Ministers, acts of the Municipal Services of
Agriculture, Analytical Reports on Sustainable agriculture management at municipal level, land use plans and maps.
Quantitative and qualitative methods for collecting and processing economic, geographic and statistical information
were used. With the help of expert assessment an up-to-date concept for the agricultural spatial and land-use planning
was defined. The following cartographic imaging methods were used in the development for visualization: Non-Scale
Method, Linear Method, Quality Asset Method, and Inscriptions. The graphics are stroke and color, and the territory is
represented by variations of the main graphical variables.

RESULTS
I. A concept for completing the contents of the General Development Plan with agricultural
territory zones and elements and their regimes
Regarding the main role of the GD Plan as strategic planning document, i.e. to provide for a complete layout and
foreseeing for the development of all types of territories, the agricultural inclusive, it is necessary to distinguish and
specify the mode of structural design, land use, preservation and construction of the following development zones
within the agricultural territory, which will cause regulatory changes in the SDA (2001) and its sub-normative
documents:
1) Development zone with market-oriented agricultural production. This zone will represent the major part of
the agricultural territory. It is the main territorial element through which the national policy for the
development of agriculture will be implemented. It will implement the entrepreneurship by natural and legal
persons for primarily commodity production for the market. It will cover the main ways of method of
permanent use: fields, perennials, pastures and meadows. The application of different systems of agriculture,
mechanization, and integrated land use is peculiar for this zone. Defining such zone is necessary because of
setting recommendatory planning regimes and put order the present chaotic use/non-use of the agricultural
land, the prasticizing of non-holistic and non-compliant with the natural resources farming and therefore not
using the potential of the land to generate income. This zone will have long-term regime for agricultural
production. The aim is to preserve the farmland for its main function.
From the point of view of the diversity of land quality and the nature of the agricultural use, it is appropriate to set up in
the market-oriented production area sub-zones with recommendatory development regime. A criterion for their
formation will be the method of permanent use that is regulated by Ordinance RD-02-20-5 of December 15, 2016 to the
CPRA (1991) and the availability of technical infrastructure serving the agricultural production process. The purpose of
this recommendatory zoning is to use the productive potential of agricultural land at each location. The sources of its
formation are the zoning of agricultural production in Bulgaria and all related assessments of the soil fertility and
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quality of Bulgarian lands. Subject to the recommendations of this zoning, the following desired effects will be
achieved: the chaotic transformation of the fields into land for permanent crops, meadows, etc. will be limited and vice
versa; the traditional production of national importance will be preserved, such as the production of roses and other
essential oil crops; the structure of agricultural production will be improved by growing an appropriate amount of
intensive crops - fruit and vegetables; maintaining the integrity of pastures and meadows with a focus on preserving the
biodiversity and providing grazing areas for livestock farming in the future, etc.
Zoning and farming regimes in agricultural areas cannot be mandatory at this time. Any coercion to establish a method
of permanent use against the owners’ will would create a constitutional contradiction, as well as a conflict with the
provisions of the subsequent regulations. They would contradict Art. 17, para. 3 of the CRB (1991) and of Art. 4, para.
2 ALOUA (1991), according which "private property is inviolable" and "the owner freely chooses the method of
permanent use of the agricultural lands according to their permanent purpose of use". In addition, the regulatory regime
of the GD Plan does not regulate a development regime for the agricultural territories. On the contrary, the provisions of
the GD Plan are mandatory under Art. 106 of SDA (2001) and Art. 2 of Ordinance 8 to SDA (2001). Obviously, the sodefined GD Plans and the democratic provisions in the CRB and ALOUA (1991) make it impossible to plan the
agricultural territories and to apply mandatory regimes related to their use. The need to protect the public interest in
extracting the necessary ecosystem services from the agricultural territory and preserving the natural quality of the land
resource, however, points to the idea of protecting this resource and its production function through a flexible approach
first applied in the legislation. In order to fulfill the Art. 106, items 1 and 2 of the SDA (2001) commitment that the GD
Plan is set up for all types of territories, including the agricultural ones, it is necessary:
1) to develop a concept-scheme for the spatial development of agricultural land in the scope of GD Plan. This
concept will be of a recommendatory nature but will be a tool for the implementation of the state agrarian
policy. Similar to the developed European market economies, where Master Land Use Plans are
recommendatory but incentive systems lead to rigorous follow-up, implementation of its projections could be
stimulated by subsidizing the agricultural production policies, land tax policies and other financial
mechanisms.
2) Art. 2 of Ordinance 8 to SDA (2001) to be amended by providing for a recommendation for certain structural
foreseeing for the agricultural areas. This will make it possible to define development zones and territories
with recommendatory cultivation regimes for different agricultural crops, applying different systems of
agriculture, ameliorations, measures for the prevention of degradation processes, etc., corresponding to the
local soil and climatic conditions and as an extensive approach to maximize the land use.
Here also arises the question of the extent to which the borders of the territorial elements “arable land – cropped fields”,
“arable land - perennial crops” and “non-cultivated land” are mandatory and are subjected to changes in the plan?
According to Art. 2 of Ordinance 8 to SDA (2001), the answer should be that they do not change within the term of the
GD Plan. On the other hand, Art. 4, para. 7 of Regulation 7 to SDA (2001) designates the activity in the agricultural
landed properties as “agricultural activity”. The agricultural activity in the farm land is for "the production of
agricultural products, including harvesting, production of milk and livestock rearing and breeding for agricultural
purposes and/or maintaining the land in good agricultural and environmental status" (§ 1 item 25 of the Additional
Provisions of APSA (1998)) in the farm land, which is for "fields, fruit and vegetable gardens, vineyards, meadows,
etc." and in the non-farm land, which is for "pastures, etc." (Art. 8, item 2 of the SDA (2001)). From the point of view
of the depreciation period of a permanent plantation, which does not exceed, even is shorter than, the application period
of the GD Plan, stems that the borders of the territorial elements are not mandatory. It is also likely that this problem
has been left unresolved, as is the problem of structuring of the agricultural territory, with the identification of the most
general objectives, measures and requirements for conservation, use, construction and development, according to the
role of the GD Plan. It is therefore open to the development of the aforementioned spatial planning concept for
agricultural areas, to the designation of farming regimes in accordance with the nature of the agricultural use and the
measures necessary to maintain and improve the fertility of the soil.
This concept provides for the following recommendatory development zones for the agricultural land in the GD
Plans:
•

Recommendatory field zone for arable crops and crop rotations - annual cereals, industrial crops, annual and
perennial fodder crops; for growing vegetables, flowers and ornamental plants; for greenhouses with temporary
and permanent construction; for fallow land.

•

Recommendatory permanent crops development zone - for orchards, vineyards, nurseries, essential oil crops,
berries, etc.

•

Recommendatory pasture development zone

•

Recommendatory meadow development zone
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•

Recommendatory mixed development zone - to combine the agricultural production with other kind production
and tourist function (e.g. a tourist farm with a profile of viticulture and wine/beekeeping/fruit growing, etc.)

Given the existence of agricultural areas with registered deviations from the natural state of the soil as a result of soil
degradation processes and technogenic contamination, it is necessary to attend the GD Plan with recommendatory
regimes to carry out the necessary activities for restoration of soil fertility. It is also mandatory to indicate the territories
within the constructed irrigation and drainage systems in the spirit of the implementation of the “Strategy for
Management and Development of the Irrigation and Protection against the Damaging Effects of the Water” in order to
restore the performance of these systems and to increase the yield from agricultural territories. In this sense, the
following spatial areas should also be indicated in the general development plan:
•

Territory with prediction for irrigation - to reconcile the regime of the agricultural zone with the technological
requirements of the irrigation system

•

Territory with a prediction for drainage - for reconciling the regime of the agricultural zone with the
technological requirements of the drainage system

•

Territory with degraded ecological functions of the soil cover - for reconciliation of the regime of the
agricultural zone with the measures for prevention of soil degradation processes

•

Territory with independent development regime - with built-up, in construction or with open procedure
construction of irrigation systems, recultivated terrains for agricultural use, etc.

The common indicators that the recommended development zones should meet but which are yet to be explored and
optimized are: coefficient of compactness; road coefficient reflecting the density of the main field road network under
different topographical and soil conditions; the ratio of cultivated and non-cultivated land, etc.
The complex interaction between spatial model elements, in the case of urbanized and agricultural land, is a
prerequisite for the formation of two other areas of agricultural activity, although with very small scope.
2) Suburban Agricultural Zone for cities - centers (of 1st and 2nd hierarchical levels according to NSRD 20132025) and for settlements with forecasts for increasing economic and social activity. In both cases, it
concerns conditions of appropriate physical-geographic characteristics and availability of land resource. The
suburban agricultural area is a transitional area between the urbanized and agricultural land. It is of ecological
significance to create a natural environment around the major cities and to provide a quick contact of the
population between the urbanized environment and the natural life factors. Another important role of the
suburban agricultural zone is to create a spatial limitation to the extensive urbanization and ecologically
"natural break".
The suburban agricultural area is for direct serving of the population with its freshly produced foods. Because of its
proximity to the urbanized area, it is suitable for personal and family entrepreneurship, for limited agricultural
production for family needs and the market. This development zone is also a means of coping with the modern
tendencies of spreading the urbanized territory to agricultural land where the resource for food production is reduced
and the sealing of soil is a fact. For this purpose, part of the suburban agricultural area should be designated as a land
with a permissible regime for change of its permanent purpose of use for construction. The latter case should be
provided for low-value land (“bad” and “unsuitable” for agricultural production land). The rest of the area – “very
good”, “good” and “moderate” land must necessarily perform its agricultural functions, with the rules and design
standards for the development of agricultural territories, which automatically excludes the right to change the
permanent purpose of use, except in the cases provided by a law. The change of the land use for construction is allowed
under the rules and order of the ALPA (1996).
The suburban agricultural zone includes all elements that are typical for the agricultural territory and defined by the GD
Plan. As recommendatory development sub-zones where appropriate can be: fields, perennials, pastures and meadows.
Because of its limited range and small-scale agricultural production, it is appropriate in this area to develop land for:
nurseries, family gardens, greenhouses, growing of flowers and planting material, experimental fields for scientific
purposes, etc. Agricultural land with a specific regime (areas suitable for linking the agricultural activities with
recreational activities), depending on the characteristics and peculiarities of the settlement and natural resources, should
also be found in this area.
The indicators of this development area are similar in terms of those of the market-oriented agricultural production
development zone, but with adapted values given its specific features. The density of the field road network is expected
to be quite high here. Terrains with permissible change of use shall not exceed 50% of the area of this planning zone
(Yarlovska, 2017)

634

Proceedings, 7th International Conference on Cartography and GIS, 18-23 June 2018, Sozopol, Bulgaria
ISSN: 1314-0604, Eds: Bandrova T., Konečný M.

3) Urban farming zone within urban areas, mainly in cities - centers (of 1st and 2nd hierarchical level,
according to NSRD 2013-2025). Planning of landed properties for urban farming is needed in the large urban
centers for several reasons. One of them, like the suburban agricultural zone, is ecological - the need for
contact with nature environment. In this sense, similar properties can be planned as part of the city's green
system. Another reason is the need of primary and fresh food products. In the economic sense, this area is for
private and family entrepreneurship, for small-scale agricultural production for family needs and in individual
cases for the market (subsistent agriculture, urban agriculture). It is appropriate to be included in the overall
planning of urbanized territories. The planning tool is the DD Plan by the order of Art. 15-17 of the SDA
(2001), which sets the concrete designation of the properties for agriculture and rules and norms for their landuse planning. This zone specifies eligible economic and concomitant activities and anthropogenic impact that
does not conflict with the urban functions (Yarlovska, 2017).

II. A concept of the content and scope of the Specialized Detailed Development Plans for the
agricultural territories
According to Article 111 of SDA (2001) and Article 45, para. 1 and para. 2 of Ordinance 7 to SDA (2001), the SDD
Plan determines "the territories for agriculture, including those which permanent purpose of use cannot be changed".
Art. 45 of Ordinance 7 to SDA (2001) can be applied only if it complies with the provisions of an acting GD Plan. From
the review of the SDA (2001) and the SDA Regulations, it is clear that:
•

A DD Plan is developed mainly in relation to the investment design for which it is mandatory (Article 108 of
the SDA (2001)).

•

The content, scope and regime of the DD Plan of settlements, settlement formations and their territory are
specified (Chapter Six, Ordinance 8 of SDA (2001)).

•

The amendment of the DD Plan in the part of "development regimes" requires an amendment of the GD Plan
by first modifying the DD Plan through a procedure analogous to its creation (Article 134, para. 3 of the SDA
(2001)).

•

For development of a SDD Plan for the agricultural territory, it is necessary to justify an objective necessity for
that (Art. 53, para. 1 of Ordinance 8 of the SPA (2001)).

Linking and transferring these provisions to a SDD Plan for agricultural territories (a land-use plan for which there is no
specific regulation) raises the question about their feasibility to implement it. What is the specificity of the SDD Plan
for agricultural territory and what makes it different from the DD Plans regulated by the law?
The SDD Plan or the so-called a “land-use plan” is related, above all, to land-use optimization with several specific
objectives: priority focus on agriculture; economic development of the business units, regions and national economy;
ecological conservation of lands; proper use of agricultural machinery in accordance with its development trends.
In contrast to the regulated DD Plan, the SDD Plan for the agricultural territory (the land-use plan) is generally shorter
than that of the GD Plan because it is not intended for the investment design but for the functional organization of the
territory (having much higher dynamics compared to the built-up areas). The scope and content is influenced by the
dynamics of land relations, land use dynamics and agricultural subsidy policies. Another significant reason for the
temporary nature of this plan are also the gaps and weaknesses in the existing regulatory framework related to the
regulation of land ownership, land use, land relations and the lack of strict control over the protection of farmland. This
dynamism is probably the reason for the incompleteness of the SDA (2001) and of the Regulations on SDA (2001) as
regards the small scale spatial planning of the agricultural territory. The nature of the function of the land as means of
production determines the specificity of planning of the agricultural territory, both in terms of the scope and content of
the plan, and in terms of the method of operation. There are in the agricultural territory permanent territorial elements,
mainly from the engineering infrastructure, which are parts of other types of territories, provided by the acting GD Plan
and are implemented through the DD Plan. The long-term regime is logically established over time to the field roads
that connect important territorial elements. During the long-term exploitation of these roads, tree and shrub vegetation
develops along them, and they are inevitably involved as a lasting linear element in the plans for the agricultural
territory. Other such lasting elements are the unused non-categorized lands such as pests, gullies, rays, etc.
The need for land-use planning in agricultural land is first generated at the level of "administrative-territorial" or
"territorial unit" revealed by Art. 37c of the ALOUA (1991), which regulates the use of massifs in case of rent relations
and cooperatives. The land-use planning in this case is limited to the mutual consent of the participants in the Use
Agreement for the wielding of certain massifs. In the absence of such Agreement, these massifs are distributed among
the user by the state authorities. The term of this planning is only one year without a specified development regime.
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Another type of intervention in the spatial development of the land in the administrative-territorial or territorial units, in
which land-use planning activities would arise, are land compensation and acquisition of land, the defining of land
ownership under § 4 of the Supplementary Provisions of the ALOUA (1991). The plans that reflect these newly formed
properties, as well as any changes resulting from partitions, inheritance, purchase, sale, and consolidation of landed
properties have an unpredictable deadline. The timetables of these plans are subjected to the dynamics of land relations
and cannot be bound by the terms of the acting GD Plan, and in particular by the specialized schemes/concepts for
spatial development of agricultural territories.
The next level of spatial development planning of land owned or leased is a matter of private initiative without stringent
requirements and rules. What the landlords are legally concerned with is: the right to freely choose the permanent use
and purpose of use; requirements for land protection but without strict accountability for their implementation; the
clauses included in the land use agreements for massifs.
With such plans, it is possible to establish a recommended arrangement of land plots with different permanent use and
purpose of use - fields, perennials, pastures, meadows and meadows. They may be linked to predictions to improve soil
fertility and other public utilities, rotation grazing, rotational mowing, design of a field road network, anti-erosion forest
belts, terraces, etc. At present, the only incentive to implement holistic agriculture with environmental protection are the
European subsidies under Measure 10 "Agroecology and Climate" of the Rural Development Program 2014-2020. It is
logical that the territories subjected to these draft projects and plans would have different development regimes: a
longer period for the permanent crops and pastures, much shorter for the fields and meadows.
The current legislation does not contain aggregate indicators to link spatial planning of agricultural land on “farm
level”. The plan, which Art. 111 of the SDA (2001) associates with the SDD Plan (with an analogy with the DD Plan),
is very different in content and purposes from the DD Plan. Its role is mainly advisory for choosing an appropriate landuse pattern and their indicators are mostly related to economic criteria and environmental norms (not construction ones).
Consequently, it is essentially different from the DD Plan and the SDD Plan. It needs a specific regulation and a
specific name, such as the existing "Land-Use Plan" (LU Plan). The SDD Plan contain the design elements of the
higher-level plan: the GD Plan, and is subjected to its foreseeing. The reason for this is provided by Art. 105 and 109
SDA (2001). The latter determine the concrete designation of the properties, which according to Art. 8, item 2 of the
SDA (2001) may be for farm land and non-farm land. These general formulations do not reflect the diversity of the land
use patterns in the agricultural territory and the ways of sustainable use in the so-called "farm land".
The LU Plan regulation could be to Ordinance 8 to the SDA (2001) in a separate chapter on “Specialized Development
Plans for the Agricultural Territory (Land-Use Plan). Since this change affects the legal framework related to the
agricultural territory and its legal provisions, it is appropriate to regulate the scope and content and the technical
implementation of LU Plans by a separate Ordinance to SDA (2001).
LU Plans (SDD Plans for agricultural areas) should be developed for a land or part of a land. The scope is directly
related to the scope of the agricultural holdings for which the contracts for rent or cooperatives are being developed.
Land-use planning is carried out at the request of the landowners and the land-users. The LU Plan should be elaborated
for the territory of:
• a farm or a part of a farm
•

a group of agricultural holdings or a part of their total territory

The LU Plan should treat agricultural use in accordance with the integrated functions of this territory and their
complexity according to its relief, climate and anthropogenic interference. It may include the following territorial
elements:
• Agricultural land for cultivation of arable crops and introduction of crop rotation - annual cereals, technical
crops and annual and perennial forage crops; for growing of vegetables, flowers and ornamental plants,
greenhouses with temporary and permanent construction, artificial meadows up to 2 years after planting, for
production of seeds and propagating material; fallow land.
•

Agricultural land for perennial cultivation, vineyards, orchards, nurseries, etc.

•

Agricultural land for grazing livestock - pastures

•

Agricultural land for meadows.

•

Land with foreseeing for irrigation

•

Land with foreseeing for drainage
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•

Land included in irrigation and drainage systems and / or have approved projects and projects in process of
validation for construction of irrigation systems

•

Land requiring special action due to deteriorated fertility of the soil - conducting of meliorations, prevention of
floods and foreseeable disasters, etc., forest-ameliorative and hydro-technical measures for protection of the
soil cover from water and wind erosion, agro-ameliorative activities

•

Unprocessed agricultural land - unused land with developed shrub and forest vegetation (including those
protected under the Forestry Act (2011), ravages, gullies, slopes, field roads, serving the field production
terrains, etc.

•

Territory, suitable for consolidation of land ownership

•

Territory for agricultural use and recreation (under §4 of the AR of the ALOUA)

•

Territory of permaculture farming (including alternative and organic farming)

•

Route of main and secondary road network,

•

Animal paths

•

Crop rotation fields

•

Plots for rotational grazing in herds massifs

•

Terrains for animal summer camp and water supply in the pastures

•

Sequential mowing fields in the meadows.

Depending on the objectives of the SPD for agricultural territories, they are developed on the basis of: cadastral map;
soil map; map of soil categories; exposure map; map of the slopes; ownership map; schemes of irrigation systems and
irrigation areas to them; schemes of the amelioration activities envisaged for the project for restoration of soil fertility.

III. Problematic analysis of the design of graphic elements of the territory for the types of spatial
plans defined in Annex 2 of Ordinance 8 to SDA (2001) on the content of spatial plans
Ordinance 8 to SDA (2001) is used more than fifteen years as а tool for managing all types of development plans. From
the point of view of cartography, the spatial plans are considered as specialized maps for use of different users - public
and commercial sectors, municipal and governmental administrations, etc. as consumer services in accordance with
clearly defined content and graphic layout rules. Whether because the distant year of creation (2001) or the lack of
cartography specialists in the process of its development, today it is criticized and gives rise to new proposals for its
amendment. Some parts are extremely detailed, while others are liberal and miss important guidelines. Some signs are
described, but there is no sign system. There are certain ideas for designating objects, but there are no basic scheme and
general rules for constructing the signs and linking them to a system (Vasilev, 2015).
As a major drawback of the ordinance, noticed by todays specialists is the inappropriate choice of the RAL color
scheme (RAL, from German Reichsausschuß für Lieferbedingungen und Gütesicherung). This system was invented in
Germany in 1927 for the needs of industrial production of paints, lacquers, floor coverings, ceiling and wall coverings.
The system itself is catalogue, i.e. the color is selected by catalog number rather than designed by the user himself. The
system started with forty colors that today have risen to 1900. The classic color scheme includes 213 colors. They are
displayed with a RAL code represented by a four-digit number. Color numbers are not related to any of their properties
or the way they are received. For this reason, the colors of each monitor or printer differ. RAL is not a color system, but
rather a collection of colors used for painting and varnishing on surfaces that is not used to design the colors to be
reproduced on an ink jet plotter by mixing the color in CMYK system and it is not particularly useful when designing
colors for plans and maps (Jennings, 2003).
Color is one of the most important graphical tool for influence in the hands of cartographers.
Assuming that the laws and factors in physics and human physiology that are related to the knowledge of color use are
well-studied and slowly changing, the technological development of mankind is happening with a tremendous speed. If,
up until a few years ago, the main media of maps and plans were paper and designed colors on a CMYK color scale,
now the colors have to be designed and used for media such as a display, projector or paper with a printed card. This
requires the use of other color scales, identifiers and number of colors appropriate for the respective media. With the
development of electronic services, access to spatial data and maps of government activities and services, free access
and an increasing share of open data sources, it is necessary to define and describe all the colors used in the maps
depending on the use of different media.
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Therefore, as a first step to changing the ordinance is to move to a color definition on CMYK (for printing) and RGB
(for display).
The second graphical variable, (Bertin, 1984) which plays a major role in distinguishing the types of spatial zones,
which is practically the use of the qualitative background method, is the hatch (Penev, 2013). Some of the types of
territories / areas, except in color, are complemented with a hatch. In Master Plans a hatch is used to represent subareas of the main areas or other specific characteristics. It displays mixed areas, highlighting the predominant. For
example:

MSP: Example of a mixed multi-purpose development area ('Смф')
The hatch the signs for PPPs and PFs is used only in the sign of cultural heritage territories (P.4.2.3.). The problem is
that there is too much resemblance to the sign depicting a mixed service-production area ('Coп').

MSP: Example of a mixed service-production area ('Cоп')
The use of an extra thick contour as an additional graphic element to the territorial unit is repeatedly used, but it hides
its risks. For example, to designate Protected Forests (0.2.10.2), it may be that the contour itself becomes a common
background for narrow and long areas.

Sometimes the contours also have a complementary meaning, depending on their color. In contrast to the GD Plan,
where mixed-use territories are shown in hatch, the thickened contours are used to map mixed-use territories in DD
Plans (PPPs and PPs).

Another example of (misleading) contour use is the large similarity in characters depicting different things in the Master
Plan and the Detailed Development Plan: P.2.10. Recreational Recreational Development Areas for Villages Recreation
and O.2.10.4. Forest lands.

Basic principles in the design of graphic elements for agricultural territories.
The following principles are formulated and respected in the cartographic design of the signs system:

638

Proceedings, 7th International Conference on Cartography and GIS, 18-23 June 2018, Sozopol, Bulgaria
ISSN: 1314-0604, Eds: Bandrova T., Konečný M.

•

Avoiding the drawbacks of the graphical application of Ordinance 8 (SDA (2001) described above;

•

Continuity of the characters and the graphical variables for the types of territories and the coverage of their
specificity where possible while at the same time, where necessary, additional colors are added to the
respective function of the territory / zone.

•

Replacing the RAL color scheme with two color systems, respectively, for designing colors for CMYK
plotting, and RGB color design, (Boughen 2003).

•

Color design uses the applied arts in cartography, such as a color choice printer, colorblind safe or photocopy
tool - COLORBREWER 2.0 color advice for cartography, (Harrower and Brewer, 2003)

•

Possible and easy application of the signs for most common CAD and GIS;

•

Loss of the contour as an additional graphic element to the territorial objects;

•

Clear functional distinction in the use of graphical variables "color" and "hatch". Color defines all kinds of
territories and zones, and a hatch is added to the function or activity of the already defined area;

Recommendatory field zone for annual cereals
•

Recommendatory mixed development zone

Further study of the characters in the map field, their "behavior" and "matching" with each other.

Mapping signs towards a concept to complement the content of the Master Plan with elements of the agricultural
territory and the respective regimes
The current sign system is designed to complement the content of the Master Plan with elements of the agricultural
territory and the relevant regimes, where the following recommended development areas for agricultural territories are
envisaged in the CSSO:
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It is also imperative to indicate the territories within the scope of the constructed irrigation and drainage systems in the
spirit of the implementation of the Strategy for management and development of the irrigation and water protection, in
order to restore the work of these systems to increase the yield from agricultural territories. In this sense, the following
spatial areas should also be indicated in the general development plan:
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5. Map Signs to Concept of Supplementation of Content within the Spatial Planning Area for Agricultural Areas
Territory, suitable for consolidation of land ownership
Territory for agricultural use and recreation
(under §4 of the AR of the ALOUA)
Territory of permaculture farming
(including alternative and organic farming)
Territory for protective forest plantations
Territory intended for terraces
New stretch of irrigation system

Field crop rotation

A field of a cereals crop rotation

Processing area of a field of a cereals crop rotation

Fodder crop rotation

A field of a fodder crop rotation

Processing area of the section of a field crop rotation

Special crop rotation

A field of a special crop rotation

Processing area of the section of a field crop rotation
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CONCLUSIONS
The planning protection and optimization of the utilization of agricultural lands at the level of the Genera Development
Plan and the Specialized Detailed Development Plan is realized through proposals for introduction of two new
documents with different functions than the status of the GD Plan and the SDDP:
1) Specialized scheme / concept for spatial development of agricultural territories within the scope of the relevant GD
Plan - obligatory to the content of the GD Plan, but unlike the basic plan, the scheme is recommendatory.
2) A Land-Use Plan (instead of the SDD Plan for agricultural territories) having an analogous to the specialized
scheme/concept for spatial development of agricultural territories regulation but dealing with structural tools for
the inherent scale
3) The concept is supported by cartographic visualization, which includes a signage system. The methods for basic
cadastral and thematic information, its structure in GIS environment, the formats and data sources, the principles
for creating the sign system, as well as its cartographic application are described in detail.
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Abstract
Obtaining a quality education is the foundation to improving people’s lives. The inclusive education system provides
learning opportunities for children with special needs together with normal children, so that they can adapt to daily life.
Geospatial Information Agency of Indonesia, is a non-ministerial government institution with authority in the field of
geospatial information, has created a tactile map for supporting to achieve Sustainable Development Goals (SDG’s),
especially goal 4: quality education. Generally, geospatial information was used by normal people who can read maps
and atlases directly, but how about people with visual impairment? They have the same right to obtain information,
knowledge and education related to geospatial information. The Indonesian Tactile map is a map that created on a plastic
“tacon“ sheet, which is used to present spatial information, in an embossed or three-dimensional form and fitted with
braille. The information shown is not as detailed as the conventional map, but it needs generalized process for readable
by fingertips rather than eyes. This paper will examine how far the generalization is needed to achieve the readable and
understandable for blind people. The method used map generalization by simplification or smoothing, exaggerating,
shifting, merging, selecting and eliminating of data so that maps and symbols to discern by touch, and then tested of
legibility to blind persons. In this study have been tested legibility in 3 locations i.e Aceh Besar, Kupang and
Temanggung. Test was conducted on September - November 2017. The result of the readability test is 75% accepted. It
means that most of symbols, legends and visualization of this map can be read and understood by people with visual
impairment, so the map can be continued to be produced as final Tactile Map. This map is one of Geospatial Information
Agency product to support for achieving SDGs in Indonesia.
Keywords: Indonesia tactile map, geospatial information, map generalization, visual impairment, SDGs, inclusive
education

BACKGROUND
Indonesia is one of the UN countries that play an active role in achieving the Sustainable Development goals (SDGs)
according to the transforming our world documents. One of the seriousness of Indonesia is the formulation of Presidential
Regulation No. 59/2017 on the Implementation of the Achievement of Sustainable Development Goals that are
harmonized with the National Long-Term Development Plan and the National Medium-Term Development Plan. One of
the four pillars proclaimed in the National Action Plan (RAN TPB) is social development pillar that has five objectives ie
poverty alleviation, ending hunger, promoting healthy living and supporting welfare for all, quality education and gender
equality. The 4th pillar of quality education is decent education and inclusion and encourages lifelong learning for all.
Targets by 2030 include eliminating gender disparities in education, ensuring equal access to all levels of education, as
well as for vulnerable people including disabled, building and improving child-friendly education facilities,
disability-friendly and gender, and providing a safe learning environment, anti-violence, inclusive and effective for all.
"No One Left Behind" a jargon that upheld SDGs is a representation of the guarantee that none of the community groups
are left behind.
Geospatial Information Agency (GIA) of Indonesia is a non-ministerial government institution having authority in the
field of geospatial information. In the achievement of these SDGs, GIA can contribute to the provision of facilities while
providing introduction and knowledge related to geospatial information for persons with visual impairment by using the
Tactile Map. Of the 3.75 million number of people with visual impairment in Indonesia or 1.5% of Indonesia's population,
not many have access to education, especially access to geospatial knowledge and information. Whereas according to
Law No. 8 of 2016 on Persons with Disabilities it is stated that Persons with Disabilities should have equal opportunity in
developing themselves through self-reliance as dignified human beings, including ensuring the fulfillment of the rights of
Persons with Disabilities in all aspects of life such as education, health, employment, politics and government, culture and
tourism, and utilization of technology, information, and communication.
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Indonesia tactile map is a map with an elevated/raised symbol that is read by touched (BSN, 2006) (Rahardjo, N., and
Hardoyo, SR., 2005). The Indonesia tactile map is constructed on a plastic tacon sheet, which is used to present spatial
information, in an embossed or three-dimensional form and fitted with Braille. Three-dimensional tactile maps can
improve efficiency and be more easily understood (Gual, J., et al., 2014). This map was tailor-made for blind people or
have impaired vision, obstacles or abnormalities in vision function in such a way, so to be able to grow or run its life
function in an optimal need special service. Blind people are people with visual impairment, both heavy and light (BSN,
2006). People with visual impairment are physically disabled so they cannot use their eyesight completely, either totally
or not totally blind, so that they have difficulties to perform as normal people do, and in the end often result in difficulty
obtaining decent work. What kind of tactual maps can be read and easily understood by people with visual impairment?
Therefore, a study of map generalization technique is needed on this tactile map. Generalization techniques has
in the preparation of conventional maps but it was different if applicable to the tactile Map, therefore it is necessary to
examine the election of appropriate generalizations technique on the tactile map.

DATA AND MATERIALS
The data used for making Indonesia Tactile Map were the base map (Indonesian topography map), and some thematic
maps that fit with the theme.
The materials used for the creating of Tactile map was the stable medium and not easily damaged by water, after some
test run then the appropriate material as a tactual map media was a plastic tacon sheet. While the materials used for
making master’s map were cardboard, beads, yarn and glue.

METHOD
The method used in this study was the selection of map generalization techniques based on map readability through the
sense of touch.

1.

Map Generalization

In most mapmakers, generalization means simplifying or deleting unnecessary details. According to Kulik L, et al.
(2005) is not only limited to that, generalization is the process of evaluation, selection, and emphasis. Generalization is
the selection and simplification in the presentation of elements on the map tailored to the scale and purpose of making
the map. Generalization is needed to solve spatial problems between objects cartographically (Wilson, 2003). The
generalization on the tactual map refers to the generalization of the conventional map but has modified in such a way
that the elements / symbols can be read well by the blind people and eliminates the risk of overlapping adjacent objects
common to linear objects with high density and proximity (Gold, C et al., 2001). People with vision impaired are not
able to read congested or crowded maps. Generalizations on Tactile maps consist of simplification or smoothing,
exaggerating, shifting / displacement, merging, selecting and eliminating. Tactile maps do not base on color differences,
not too dense information by reducing complexity while retaining object characteristics, symbol size and shortest
distance between symbols at least 2 millimeters (BSN, 2016), as well as maps equipped with Braille letters. Based on
some sources it states the smallest distance that can be detected by the touch senses in the range of 0.87 to 2.81 mm
(Jehoel, S., et al, 2006). Based on the standards of the National Mapping Council of Australia (1985) the minimum
distance is 3 millimeters, while based on National Standard of Indonesia (SNI 8310-1: 2016) is 2 millimeters.

2.

Legibility test

Draft of Tactile Maps need to be tested legibility or readability to ensure that the elements and symbols created can be
read well by people with visual impairment. The variable of readability level test adopts the tactile variable which has
been developed by Bertin, Vasconcellos, and Grifin followed by Dinar et. al. (2005) have found six tactual variables
consisting of volume, size, texture, shape, orientation, and profile / altitude, but not all tactile variable used in this test.
Participants were asked about 30 questions related to the symbol, size and location of the toponym, etc. In 2017, test
legibility was conducted in three locations of special school for person with visual impairment ie Aceh Besar - Aceh
Province, Kupang - NTT Province and Temanggung – Central Java Province, with 35 participants in each location.
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RESULTS AND DISCUSSION
1.

Result of Map Generalization

In accordance with Indonesian National Standard that Tactile maps are made on A4 (21 x 29.7 cm) or A3 (29.7 x 42 cm)
media. In producing maps with smaller scale than the original is required generalization and changing the map design
tailored to the needs. Creating maps on a smaller scale from the source can shows graphical conflicts, such as too small
object to see or too close to one another to be distinguished (Wilson, 2003). Generalization of the Tactile Map in
principle reduces the complexity of information tailored to the sensitivity level of the persons with visual impairment
for identifying information on the map. Although causing a reduction of information, in generalizing it should pay
attention to several important points, namely generalization retaining the essence of the original map contents, the
general characteristics of the original map, and the aesthetics of the map. The selection of generalization types refers to
the intent and purpose of the map, the characteristics of a mapped area, the consistency of the treatment, and the space
availability of the map. The types of generalizations undertaken in this study consist of simplification or refinement,
magnification, shifting, merging, selecting, and eliminating. Based on the results of legibility test conducted in Special
School of visual impairment, found some technical problems Tactile map generalization, especially in the presentation
of symbol that coincides with other types of symbols. Therefore, the generalization of technical necessity required how
to describe the symbol that coincide on the tactile map. To facilitate generalization techniques are grouped by symbol
type. Here are some examples of problems that occur and how to describe the results of generalization on tactile map,
namely:
1.

Generalization for point symbols coincide with other point symbols
Case 1:
On the conventional map found a symbol of the provincial capital as well as the capital of the district / city.
Solution:
On the Tactile map the generalization applied used the merging principle, ie the symbol of the provincial
capital combined with the symbol of the capital of the district / city by simply describing the symbol of the
provincial capital alone, while the symbol of the district capital is not depicted in the Tactile map (if there is a
similar case, the administrative symbol selected is the highest administrative level)
Case 2:
On the conventional map there were many adjacent mountain symbols
Solution:
If there were many adjacent mountains, the generalization on tactile map applied selection principle based on
the height of the mountain. The highest mountains were displayed while the lower mountains were not
displayed in map. In this case, it was sometimes necessary to shift so some mountains do not coincide position.
If there were many adjacent mountains, and between these mountains there are volcanoes and non-volcanoes,
the volcanoes should be selected.

Figure 1. Bandung is capital of West Jawa Province as well as capital of Bandung Regency, in Tactile Map presented as
Capital of Province symbol
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2.

Generalization for point symbols coincide with line symbols
Case1:
On the conventional map found the point symbol meet or coincide with the line symbol such as the mountain /
capital district / city adjacent or coincide to the administrative boundary / river / equator and so on.
Solution:
The depiction on the tactual map used the generalization technique by shifting the symbol of the mountain /
capital district / city so this symbol not cutting the administrative boundary / river / equator and so on. The
shift of the point symbol must maintain the spatial configuration of the shifted objects.

Picture 2. Placement of city symbols of river line symbols / administrative boundaries / equatorial lines (left-before
generalization and right - after generalization)
3.

Generalization for point symbols coincide with area symbols
Case 1:
On the conventional map found a point symbol coincide with the area symbol, this case was encountered in the
capital district / city located on a small island (the island smaller than the size of the city symbol).
Solution 1:
In such a case, generalizations can be applied with the principle of magnification of the island's size so that the
capital / city symbol can be depicted on the island.
If the enlargement affects to its island / land surrounding, the generalization applied the principle of removal
and / or displacement of other islands around it. This generalization case also applied to other types of symbols,
such as airports and seaports.
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Picture 3. Placement of point symbols on small area (left-before generalization and right - after generalization)
4.

Generalization for line symbols coincide with other line symbols
Case 1:
On the conventional map found the river symbol coinciding with the administrative boundary symbol.
Sometimes the river symbol was also an administrative boundary.
Solution:
The depiction on the tactual map applied generalization by shifting the river symbol so that the river is placed
parallel to and intersect with administrative boundaries, with keep the distance of readability by the blind. The
relative position of the river against the administrative boundary follows the upstream direction of the river.

Picture 4. The depiction of administrative boundary symbols shifted from river symbols (left - before generalization and
right - after Generalization)
5.

Generalization for area symbols coincide with other area symbols
Case 1:
On a conventional map, the representation of the area symbol meet with other area symbols can be described
easily, for example in areas with many deltas seen complex due to many small areas with irregular shapes.
Solution:
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The depiction on the tactual map for this case can be applied the principle of merging / simplification / removal /
shifting with keeping to the delta spatial configuration. Some deltas can be merged into one delta or merged with
mainland islands. While some other delta can be removed. The shoreline of Delta generalization results need to
simplified so that it can be understood well through fingertips.

Picture 5. The representation of the area symbol generalization when adjacent to another area symbol (left - delta before
generalization and right – delta after generalization)

2.

Results of Legibility Test

The result of legibility test of draft Tactual maps, can be read and understood by people with visual impairment, the
average result more than 75%. Based on the result of the readability test, the draft of the tactual map will be improved
on the presentation of symbols and maps that are considered less communicative, after which the draft map was
continued to final Tactile map. This map ready to be socialized and studied by people with visually impairment in
various parts of Indonesia. In general, participants have never read Tactile Maps, so the instructor should explain how to
read this tactile map. In addition to reading maps, instructors also provide simple information related to the Indonesia
Territory including administration boundary, geography, demography, natural resources and other important themes
such as tourist sites, transportation, mountains and rivers etc. The participants enthusiastically participated in the
socialization and many asked questions, suggestions and opinions. Before socialization of tactile map was conducted,
the participants do not know what it was a map, how the shape of islands in Indonesia, how the island distribution, how
it compares to the size and position between the islands, how the distances one place compare to another, what was the
equator, and much more information related geospatial. With learning geospatial through Tactile Maps with Braille
letters, geospatial information goes towards people with visual impairments. After read the tactile map, now they know
how large NKRI territory, place where their living, the island configuration, distance from one place to another, and
some other spatial information. It was also teaching the understanding of the territorial integrity of the country and is
expected knowing its territory, will arise the spirit of love and sense of belonging to our country. After that with
increasing knowledge and spatial understanding is expected to be more confident, so as to improve the quality of their
daily lives.

Picture 6. Photo during legibility test in Kupang, NTT Province
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CONCLUSION
To obtain a quality Tactile Map, the selection of generalization methods is important because it will affect to the
reader's understanding of the geospatial information through fingertips and conduct readability test at special schools as
have done in this study.
By reading proven Tactile Maps can improve the spatial understanding of persons with visual impairment. We believe
by the increasing spatial understanding will affect increasing the love of country, self-confidence, and improving the
quality of their life.
The Tactile map developed by Geospatial Information Agency is one of the forms of supporting from government
sector in achieving SDGs in Indonesia.
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Abstract
Thе renewable energy is very important segment of human life in modern world, which provides energy for electricity
generation, that is collected from renewable resources which are naturally replenished on a human timescale such
as sunlight, wind, rain and others. The renewable energy resources, that are easily accessible in rural areas are mostly
unused. Renewable energy has less negative impacts on environment than fossil fuels. Site selection is a crucially
important step for utilizing large investments like small hydropower plants, solar farms and wind turbines. Multicriteria evaluation methods are commonly used for site selection.
The main goal of this paper is to show the contemporary GIS-based approach for for geospatial analyses of suitable
locations for exploatation of renewable energy resources no matter of whether it is going for hydro power of small
streams, wind or solar power. The focus of analysis is set to some of the most important topographic land surface
parameters such as: slope (gradient of surface), aspect of slope, as well as the other land surface parameters that have
impact and are important for optimal decision making concerning the site suitability for renewable energy expoatation.
The methodology and analysis is performed on a study area which encompasses a part of the northeastern watershed
of Prespa lake for small hydropower and solar farms, while the analyses for wind energy have been performed for
entire area of the country. Throughout the researches it is showed, that the DEM (Digital Elevation Model) is one of
primary driving force for analyzing of physical processes of surface resources. In the paper is proposed a methodology
for assessment of hydropower potential of small streams as one of the oldest renewable energy resources, solar power
plants and wind farms.
The obtained results of performed analyses show, that the analyzed areas have considerable potential for use of
renewable energy resources. The proposed GIS based multicriteria spatial analysis of suitable sites can be modifyed
and efficiently applied to any other spatial location.
Keywords: GIS spatial analyses, GeoProcessing , Hydropower, Solar power, Wind farms.

INTRODUCTION
The all-time needed energy in our lives has been provided by energy resources. Renewable Energy Systems use
resources that are constantly replaced in nature and are usually less polluting. These resources can be divided into two
categories as renewable and nonrenewable. It can be said, that the renewable energy sources have almost endless power
and they don’t pose any danger to the environment (Mutlu S., Çabuk A.,Güney Y, 2011). These renewable energy
sources are: Solar, Wind, Geothermal, Biomass, Hydroelectric power, Wave and Hydrogen. The most popular of these
resources are: hydropower of small streams, solar power and wind power. According to the report from Renewable
Energy Policy Network for the 21st Century, 19 percent of global energy consumption and 22 percent of electricity
generation are contributed from renewable sources in 2012 and 2013, respectively (REN21 ,2014).
In order to tap the potential of Renewable Energy sources, there is a need to assess the availability of resources
spatially. There are more technological approaches for exploatation of renewable energy resources. The analysis of
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topographical land surface parameters using conventional methods often is a very tedious work task and demands lot of
time for performing of needed analyses.
The researches in this paper mainly are focused on applying of some contemporary GIS tools for determination of
some basic topographical parameters of land surface which are most importand for the possibility of exploatation of the
renewable energy potentials. main focus of researches is set on developing a GIS-based methodology approach for site
selection of main renewable energy resources, namely: Small hydropower plants, solar farms and wind farms.
The research in the paper focuses on the implementation of GIS-based methodology approach for all three mentioned
renewable resources. So, for determination of surface water potential and especially stream flow, the amount of
achievable hydropower at any given site is a function of hydraulic head(elevation drop) and flow rate. The geospatial
analysis of hydropower potential of small streams in GIS platform is an efficient way toward the preliminary screening
of suitable sites for small hydropower project development.
The solar energy potential at a given location in a large extent depends on values for altitudinal gradient on the land
surfaces as well as on values for compas aspect direction of slopes. Having on disposal the necessary data about the
quantity of the solar radiation at any given location wether at annual or daily level
(http://re.jrc.ec.europa.eu/pvgis/apps4/pvest.php), the other factors that mostly have a great influence on the
assessment of suitable locations for exploatation of the solar energy depend on some other topological parameters of
land surface.
Concerning the wind power , the required data include different factors such as physical, economic, technical and
environmental. For data analysis to evaluate the potential locations, different parameters are considered, namely wind
velocity, terrain slope, distance to road, railway, settlement, power line, water body and turbulence intensity. The
analysis encompasses a wide range of factors and constraints that are most important for the determination of optimal
locations for wind power farms. These can be divided into several groups: topographic, technical, environmental, socioeconomic and human factors and constraints. The proposed spatial analysis of the wind power potentials is an efficient
tool for preliminary screening of suitable locations and significantly contributes toward decreasing of the costs for
installation of wind farms in the country.
A GIS-based multi-criteria analysis involves two types of evaluation methods: Boolean overlay operations and WLCWeighted linear combinations (Hott R., Santini R., and Brownson J., 2011). Solving the complex phenomena in GIS
environment with use of s.c. Multicriteria analysis of problems can be a very useful tool (Alekhya D. and Karakoti I.,
2010). After all the proposed geospatial analysis of the all renewable energy potentials in general is an efficient tool
for preliminary screening of suitable locations for constructing of SHP-Small hydropower plants, solar photovoltaic
farms as well as wind farms.
After all, the GIS-based multicriteria analysis of site suitability for exploatation of renewable energy resources together
with an economic and eco-environmental analysis, certainly will also enhance the feasibility&reliability of the
decision making process for the site-analysis for renewable energy resources.

STUDY AREA AND INPUT DATASET
For assessment of the small hydropower potentials of the small river streams during the analysis has been taken the
Brajcinska river in the east part of the Prespa lake watershed Fig.1. The watershed area is mainly covered with
miscelaneous forest, pastures, agricultural land, rocky surfaces and rural built up areas. The total watershed area of the
Brajchinska river is about 64,5 km2. The Brajchinska river rises under the mountain Baba and discharges into the Prespa
lake with total length of 14.720 m. The river has many tributaries that flow into it from left and right side of its
downflow direction. The elevation differences in the study area varies from 850 to 2560 m.a.s.l. The river is perennial
with quite stabil flow without abnormal variations during the year seasons. The extent of the area is 210- 210 15’(westeast) and 400 52’ 30’’ – 410 (south-north). The river has many tributaries that flow into it from left and right side of its
downflow direction.
Concerning the analysis of the solar power potentials , the study area encompases the north part of the Prespa lake
(Fig.1). More exactly the area comrised of the town of Resen, Resen field area and some villages located in the south
and south-west part of the town as well as part of the massif of the mountain Baba. In the lower flat area the surfaces
are planted with apple orchards , there are also meadow areas and some smaller low shrubby areas .
The mountain part of the study area is mostly covered with deciduous forests and some parts are covered with
conifer forests. The geographic extent of the study area encompasses the area between 200 45’- 210 in east-west
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direction and 410 - 410 07’ 30’’ in south-nord direction. The elevation differences in this study area are in interval
from 851 m.a.s.l. to 1776 m.a.s.l.

Fig.1. Cartographic and satelite display of the location of study area for SHP and Solar power plants (Wikipedia)
For the purpose of analysis of the wind power potentials the study area encompasses the whole territory of Republic of
Macedonia. The relief configuration is diverse and covers valleys, fields, mountain regions, lakes and river valleys
(Fig.2.).

Fig.2. Map of Republic of Macedonia with relief based on ASTER GDEM (Idrizi B, 2013)
The developed data structure of Macedonian 25000SDI comprises the fundamentals of information infrastructure in
Macedonia (Idrizi et all,2009). Therefore , as initial input spatial dataset for analysis of SHP potentials is used a
topographic map as single dataset with different layers of data in vector format in scale 1:25000. Each map covers an
area of about 140 km2. For the purpose of study were used the data layers of point grid, contours and digitized stream
network. Beside the mentioned spatial dataset , have been also used numerical data in Excell tabular format of historic
hydrologic measurements at one gauging station for precipitation and runoff for the period 1961-2000.
Concerning the solar power potential analysis , as initial input data are used same topographic maps as describer above
with different layers of data in vector format . For the purpose of this study were used the data layers of point grid,
contours, digitized road network , digitized stream network map, digitized map with polygons of all populated
places(villages and towns) land cover and land use vector dataset . Beside the maps with spatial data are also used
some numerical data which are related to the solar irradiation in the study area at annual, monthly and dayly level.

655

Proceedings, 7th International Conference on Cartography and GIS, 18-23 June 2018, Sozopol, Bulgaria
ISSN: 1314-0604, Eds: Bandrova T., Konečný M.

Concerning the analysis of wind power potentials of the whole country , due to the current conditions in Macedonian
market for geodata and copyright rules regarding geospatial data, there are no possibilities for use official data free of
charge for scientific researches, except the Global Map dataset which is free and open source for non-commercial use.
Therefore our researches have been done by using global open source an free datasets. So, as input DEM has been used
the ASTER GDEM with spatial resolution of 30m. Concerning the land cover raster data has been used Corinne Land
Cover European seamless with spatial resolution of 100m (Version 18.5). For the need of research has been extracted
climatic wind data only for Republic of Macedonia. Concerning the data for wind speeds have been used a dataset from
the WorldClim 2.0 (June 2016) downloaded from http://worldclim.org, which represents average monthly climate data
for 1970-2000. There is also used a dataset in vector format, consists of polygons, lines and points vector layers for the
following layers (www.iscgm.org; 2011): lakes, rivers, roads, dams, railways, airports, population centres, and
administrative boundaries .
During the research study was used a GIS software QGIS. All data processing and modeling have been performed with
this software package which is used for geospatial and data management as well as for combined and complex spatial
analyses. This software is open source and free for use.

METHODOLOGY APPROACH
Methodology approach for site selection of Small hydropower resources
The general methodology for GIS-based analysis of small hydropower energy resources is sumarized in Fig.3.

Fig.3. Flowchart diagram for determining of hydropower potentials in GIS
As can be seen from the Fig.3., the availability of digital elevation models (DEMs) is essential for creating of a
hydrological model . DEM models are generally produced by photogrametric techniques from stereo photo pairs, stereo
satellite images or with interpolation of digitized data. In this way, from the input graphical and numerical data of the
digitized map has been developped a GIS topography dataset (DEM, slope, hilshade map). Employing the interpolation
tool, and using the grid points and contours as input layers firstly has been created a DEM with cell resolution of
20m. The DEM was hidrologically corrected with filling sinks and correcting s.c. pading terrraces in order to be suitable
for further hydrology analysis. A hidrologically corrected DEM was used as a main spatial input dataset to determine
the needed hydrologic parameters such as: slope, flow direction, flow accumulation, stream network delineation,
watershed delineation, pour points and others. The flow direction raster map was obtained from the hydrologicaly
corrected DEM as input raster.
Water in a given cell can flow to one or more of its neighbouring cells according to to the slopes of drainage paths
(Sitanggang and Hasmadi, 2010). This concept is based on the 8-direction pour point model.
The resulting flow direction grid is encoded with numbers 1,2,4,8,16,32,64 and 128 for each direction of flow at a given
cell. The Flow accumulation grid was determined using the flow direction grid as input raster dataset. The flow
accumulation grid from the physical point of view is the drainage area at each cell in unit of cells and means, how many
upstream cells contribute with flow to a given cell in the raster map (Santasmita Das and Dr. P.K. Paul,2006). With the
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product of the number of upstream cells and area of a single cell was determined the flow accumulation or watershed
area of each cell in the map. Here, the area of one cell is 20x20 = 400 m2. The cell with highest flow accumulation
determines the outlet point of the watershed. Using flow accumulation raster as input data and seting of a certain
treshold value for cells in the raster is automatically made stream network delineation. In the similar way, the cell at a
given stream with the highest value of accumulation defines the catchment area of the stream. The outled point of the
Brajchinska river has value of 161.351 cells, so the product of the number of these cells with the area of the single cell
gives the total area of watershed of 64,54 km2 (Fig.4).

Fig.4. Catchment area of Brajcinska river with its outlet point.
The cell with highest value is outlet point at which water flows out of the catchment area. It can be also manually
created a pour point shapefile with location of many outlet points along a given stream. Each outlet point then represent
a subwatershed for each stream segment or tributary of the main river. In the same way as described above it can be
calculated the watershed area for each manually determined outlet point along the Brajchinska river and its left and
right tributaries. Using variety of tools for spatial analyses in GIS can be also determined some other useful
hydrological parameters.
From the engineering point of view, two main criteria are crucial for good evaluation of the hydropower potential of
streams. First criteria is elevation drop along a given stream segment or along the total length of the stream , and the
second one is amount of stream flow or discharge. This arises directly from the equation 1.

P = ρgη t Qi H n (kW )

(1)

where P is the power in kW, ηt is the efficiency coefficient , g is the gravity acceleration, Hn is the net elevation drop
and Qi the installed discharge at the certain location.
Considering the hydrology analysis, the initial step is the determination of rainfall values at each raster cell. Here an
empirical quadratic equation (Eq.2) for relationship between the annual rainfall values and elevations was employed,
where: R is annual rainfall and H is the elevation in hecto meters. This equation is valid for the south-west part of the
country and hence also for the study area. (Lazarevski A. 1993). Using the equation 2 with the raster calculator tool
are calculated annual rainfall values for each grid point.

R = 166,93 + 100,42 H − 2,80 H 2

(2)

Regarding the determining of elevation drop , there are a few approaches for its determination along a stream. The
stream network in the study area is already digitized in vector format and with different lengths of stream segments.
With overlaying procedure of the DEM and the stream network map in vector format can be determined the elevation
drop between the starting and ending point of each stream segment.
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Using the output results of analyzed elevation drops and hydrologic data, is made a final evaluation and estimation of
hydropower potentials along the main river stream as well as its tributaries, and it is also calculated the power and
energy output at different potential point locations along the river streams.

Methodology approach for site selection of Solar farms
Also for analyzing of solar power potential location the availability of DEM is essential. Using DEM raster map, with
further geospatial analyses in GIS platform are determined additional land surface parameters which are important for
site suitability analysis such as: Slope map, Aspect map, Hillshade map and others.
The general methodology for GIS-based analysis of small hydropower energy resources is sumarized in Fig.5.

Fig.5. Flowchart diagram for determining ofsolar power potentials in GIS
In raster analyses in GIS platform very often is used so called Multictriteria analysis-MCA. The main goal of this
type of analysis is to simplify the more complex issues using multiplicatice criteria in order to be found some optimal
solutions concerning the screening of suitable locations at some part of the surface area which is of our interess.
Principally GIS based multicriteria analysis involves two types of evaluation methods: 1. Method with boulean
operators of overlaping and 2. Linear combinations with use of factors of influence for particular datasets.
Two criteria concerning the topological parameters of land surface are of main influence in the preliminary screening
of suitable locations for solar power exploatation:
1.

Locations with small slope values

2.

Locations whose aspect direction of the slope is in interval from south-east to south-west

In this context, as appropriate locations regarding the slope values are taken these parts of the surface which have small
slope values (mainly flat surfaces). Using as input dataset the slope raster map it is set a treshold value of slope of
5%. In this way is obtained a boulean raster map with filtered slope values at pixel level with resolution of 20m.
In similar way, using the input raster map with values of aspect compas directions of slopes can be derived and
filtered the values of aspect directions which are most appropriate for exploatation of solar energy. Because the study
area is located in the north hemisphere, as appropriate aspect directions of slope are taken into consideration the
directions: south-east, south and south-west. The coded values for these directions are in range from 135(south-east)
180(south direction) to 225 (south-west) direction.
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Now with combination of both raster maps with filtered suitable values of slope and aspect direction, using the
Raster calculator tool in QGIS in an efficient way ccan be determined a digital raster map with appropriate values for
both, the slope and aspect directions.
Regarding the other factors of ecological nature which have highest influence at the choice of suitable locations, in this
paper were made analysis of several factors with greater influence, such as: road network infrastructure, stream
network, watershed surface areas, land cover, land use as well as locations of settlement areas (towns, vilages etc) in
the study area. For this purpose were used several already prepared digital maps in vector format.

Methodology approach for site selection of Wind farms
For analyzing of the suitability of potential sites for wind farm developing must be considered a set of factors that in
this study have been divided into four groups: topographic, technical, environmental and socio-economic factors. (Table
1).
Table 1. Factors used in analysis of suitability for wind farm development.
No.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

Factors

Criteria
Topographic
Elevation
< 1.500 meters a.s.l.
Slope of terrain
<15 %
Aspect direction of slope
3150<value<3600 (NW - N)
00<value<450 (N - NE)
Area
> 100.000m2 (10ha)
Technical
Wind speed
> 5 m/sec
Proximity to power grid
500m <value < 1000m
Environmental
Proximity to rivers
>300m
Proximity to lakes
>300m
Land cover of ground
>300m of woodland & wetland area
surface
Proximity to dams and weirs
> 500m
Socio-economic
Proximity to urban
> 2000m
area (city)
Proximity to villages
> 1000m
Distance to roads
> 250m
Distance to railways
> 250m
Distance to airports
> 3000m

For spatial analysis of main topological parameters of land surface the DEM (Digital Elevation Model) is essentially
important and is main input data for further analyses of the land surface. The input ASTER GDEM for Macedonian
territory is with spatial resolution of 30m. Using the obtained DEM by performing spatial analyses in GIS platform, are
determined additional land surface parameters which are important for site suitability analysis such as slope and aspect
data.
With this approach, using the DEM it is determined a raster layer with slope values of the surface. Using as input the
DEM it is determined also the aspect raster map in same pixel resolution with values of the directions of the slopes.
The flowchart diagram of operations with raster layers is shown in Fig.6. Setting the correspondent threshold values for
elevation, slope and aspect (as shown in Fig.6.) are determined suitable raster boolean layers for elevation, slope and
aspect. Similarly with exclusion of unsuitable values of land cover areas it is determined boolean raster layer of land
cover areas that are suitable for wind farms development. Regarding the wind speed as a crucial factor are taken into
consideration values with higher wind speeds and it is also determined boolean suitable raster wind layer. Regarding
the Corine land cover raster layer, there were excluded all unsuitable land covers of the area such as: urban fabrics,
industrial and commercial units, mineral extraction sites, dump sites, construction sites, green urban areas, sport and
leisure facilities, forestry areas, bare rocks , marshes and others that are inconvenient for wind farm development.
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Figure 6. Flowchart diagram of operations on Raster layers
Assuming that all of vector layers have equal importance and therefore carry the same weight, it is made a buffer
analysis for all point, line and polygon vector layers. After the obtaining all vector layers with buffer zones, they can be
easily combined for further analysis. In this way, using the appropriate vector geoprocessing tool it was performed
buffering of all vector layers with setting of treshold values for buffer zones, then all vector buffer layers are combined
with the geoprocessing tool Union.

Figure 7. Flowchart diagram of operations on Vector layers

660

Proceedings, 7th International Conference on Cartography and GIS, 18-23 June 2018, Sozopol, Bulgaria
ISSN: 1314-0604, Eds: Bandrova T., Konečný M.

In this way as it is shown in Fig.7. is obtained a cumulative vector layer with the unsuitable area for wind farm
development. Because we need areas that are suitable for location of wind farms,again employing the vector
geoprocessing tools we can extract the suitable areas.
With combination of the vectorized polygons with optimal areas in Fig.6. and the polygons with optimal areas in Fig.7,
employing again the vector geoprocessing tools can be determined a final layer of suitable locations for wind power
farms development.

RESULTS AND DISCUSSION
Evaluation of results for site selection of Small hydropower plants
On the basis of the available elevation drops, mean annual and monthly discharges and flow duration curvec(FDCs), the
power and energy outputs were calculated either at annual as well at monthly level. In the calculation of the power at
each particular site, always is taken the discharge value at the intake location or upper vertice of a stream segment. As
elevation drop or hydraulic head is taken the total elevation difference between the intake and SHP location.
From the results of the GIS analysis as explained in the section 3 the potential sites for SHP development are located.
In the stydy area have been found more than 10 suitable sites for SHP exploatation, and 2 to 3 of them seems to be
most appropriate regarding the power output values. The graphical layout of suitable sites for SHP construction is
shown in Fig.8.

Figure 8. Graphical layout of sutable sites for SHP construction.
On the basis of the calculations of monthly rainfall and discharges of the Brajcinska river and its main tributaries we
can realize, that the river with its main tributaries is reach with water resources during the all year and can provide
uninteruptedly operating of small hydro power facilities all year round.
Concerning the disposable numerical data, in the study area we have only one gauging station for measuring of flow
rates and one gauging station for precipitation, so the interpolation methods for determining of precipitation and
discharges were excluded, and hence for the final decision making should be made also some classical hydrology
measurements and analyses at a particular site, in order to be calibrated with the results of discharges with the
geospatial analysis in GIS.
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Evaluation of results for site selection of Solar farms
In the final digital map, the optimal locations for construction of solar photovoltaic farms are shown with green colour
. The final map with suitable areas is in vector format and is overlaed on the raster hillshade map , with wich is
ensured a bether visualisation of the land surface area.
The small suitable polygons(in green) are excluded from selection due to their very small area for construction of
farm for exploatation of solar power. This is done with settin of an empirical treshold values for the area of suitable
polygons.

Fig.9. Map with final display of the optimal locations for exploatation of solar power potentials
As a final result of the performed research and analysis on Fig. 9 can be seen , that almost all suitable location surfaces
are located in the flat area in the south-west part of the study area arround 10 km in the south direction of the town of
Resen and several kilometers in the south direction of the village Carev Dvor.
As was mentioned above, it should be emhasized that only these surface area should be taken into consideration
wich are sufficiently large , where it can be foreseen a construction of farm for exploatation of solar power potentials
with sufficient solar power capacity.
It should be also pointed out, that the exploatation of the solar energy potentials at the selected optimal surfaces in a
great extent can also depends on the season of the year. For example, the setting of solar pannels during the summer
season at lower slope values in degrees allows greater exploatation of solar radiation. On the other side, during the
winter season the pathway of movement of the sun from east side toward the west side is much lower toward the
south horizont. In this case greater values of the slopes of panels allow greater exploatation capacity of the solar
radiation.
In the process of making final decisions for construction of solar photovoltaic farms certainly should be performed
also some additional analyses for every potential location separatelly, in order the obtained results to be compared to
those which were obtained with geospatial analysis in GIS platform.

Evaluation of results for site selection of Wind farms
By combining of obtained results from raster (Fig 6) and vector (Fig 7) layers, the 215 potential suitable locations for
establishing of wind power farms based on criteria defined above (in table 1) within entire national area of the Republic
of Macedonia have been reached, which are shown in Fig. 10. As can be seen in the map, most of the suitable locations
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are in the hilly regions in central north-west part, central south-west part, as well as in the eastern and north-east part of
the country.
During the performed analysis, from total 215 suitable locations located in 37 municipalities, there were identified 11
municipality areas with more than 9 suitable locations for wind power farms, as well as 13 municipalities that have total
sum of suitable areas that are greater than 1km2.

Figure 10. Map of suitable locations for wind power farms development
It must be pointed out that the identified locations are provisional and require further and more detailed investigations
before the final decision can be brought!
The GIS based method in this paper provided a quantitative evaluation and assessment of factors and constraints that
should be taken into consideration at determining of the land suitability for locations of wind farm. The final suitability
map can be used as guidance toward to narrow search of new wind farm locations. Of course, additionally field visits
and measurements should be done before making of the final decision for wind power farm development. Besides that,
the final results of the final map should be additionally validated with measurements of wind speeds as well as with
observation of other important ecological variables in each particular area for potential placement of wind farms.

CONCLUSIONS
Regarding the small hydropower potentials, in the paper was presented a contemporary methodological approach for
application of SDI in hydrology modeling of surface water resources and particularly in assessment of hydropower
potentials and identifying of suitable sites for SHP projects developing. The analysis is mainly based on engineering
criteria using geospatial analysis in GIS. The proposed methodology offers an efficient way to examine also any other
similar or larger watershed mountainous areas rich with water resources.
The analysis of solar power potentials showed, that the combination of GIS with the MCA(multi criteria analysis)
evaluation is very useful software tool for right decision making concerning the location and modeling of potential
locations for building of photovoltaic solar power plants. It should be pointed out that the proposed methodology for
preliminary screening of suitable locations can be easilly applied at any other geographical area. In this paper has
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been done analysis of the suitability of locations taking into consideration the most important technological,
engineering and environmental criteria of impact factors.
Concerning the wind power potentials, in the proposed GIS based methodology for geospatial analysis for
determination of suitable sites for wind power farms has been performed an analysis for the whole national area of the
Republic of Macedonia taking into consideration the Macedonian conditions.
Certainly, the proposed methodology is very useful tool for preliminary screening of optimal locations for wind farms
development, although the further analysis and measurements on situ is obligatory before the final decision can be
brought. Also the methodology illustrated in this study can be used to other regions in the world using the similar
digital input data.
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Abstract
Potential production is included in the management concepts in fifties years of the past century, when the response of
crops to unexpected changes in environmental parameters, assumed great importance. The idea of linking technical
efficiency with the ability to produce a specific output with minimum inputs (factors) in a particular technology.
Technical efficiency is defined as the possibility of any manufacturing unit to get the maximum possible (potential)
production in an appropriate range of factors and technology. The condition to obtain the maximum possible (potential)
production is performed in the production process when unable to produce the same amount of output with fewer
factors or unable to produce more output with the same inputs. According adopted in imitation modeling terminology
potential output form the so-called first hierarchical level. This means that the growth and development of plants run at
optimum moisture and nutrients territory. Potential output is the maximal possible production (MPP) with fixed
technology at optimum load/utilization of natural and anthropogenic inputs. The aim of this paper is to present the
growth and development of some types of agricultural crops on the first hierarchical level in Regional Unit of
Thessaloniki.
Keywords: GIS of soil resourses, maximal possible production (MPP), potential production, simulation modelling,
technical efficiency.

INTRODUCTION
At the first map the boundaries of the Regional Unit of Thessaloniki (Fig. 1) and the ones of the coterminous Regional
Units are depicted. At the right top of the map the location of Thessaloniki within Greece is shown.
The data source layer is the National Cadaster and Mapping Agency S.A. The data was found as vector files (shapefiles)
and were added to the map. The shapefile was created by digitizing the information depicted at a 1:250000 map made
by the Hellenic Military Geographical Service (GYS). The scale of the produced map is 1:500000.
As shown at the map, the Regional Unit of Thessaloniki is at the North of the country, whereas the coterminous
Regional Units are the ones of Imathia and Pella at the West, Kilkis and Serres at the North and Chalkidiki at the South.
At the East Strymonikos Gulf and at the West Thermaikos Gulf are located.
The greater part of the surface of the continents is covered with soil. It provides terms and minerals for plant growth,
without which it is impossible for the survival of animals and humans. The soil consists of solid particles (organic and
rock), water, air, and other living organisms. The soils have a different thickness - from a few tens of centimeters to
several meters.
Agricultural land is an important component of agroecosystems. They are also the subject of studying agroecology.
Agroecology study tolerant attitude to the ongoing human agriculture to the environment. This means that as a general
and a leading trend should not be placed on agroecosystem productivity and sustainability of their productivity during
the time. In a narrower sense Agroecology is the science that studies the environmental phenomenon in agroecosystems.
Land use is any permanent or cyclic human intervention to meet the complex human needs, natural resources or created
together called the "agricultural land." It is through the application of human control over the natural ecosystems in a
relatively systematic way to take advantage of them. The man can be seen as an integral part of the ecosystem, while
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manipulating them. This can be done as extensively and intensively. Summarize land use is relatively stable process
associated with a particular area at a certain time, a certain targeted by environmental conditions and necessarily human
activity. The condition to obtain the maximum possible (potential) production is performed in the production process
when unable to produce the same amount of output with fewer factors or unable to produce more output with the same
inputs (Kozlowski, 1984). According to the adopted in simulation modelling terminology this is potential output form
the so-called first hierarchical level. This means that the growth and development of plants run at optimum moisture and
nutrients territory. Potential output is the maximal possible production (MPP) with fixed technology at optimum
load/utilization of the natural and anthropogenic inputs. So, the potential crop production (maximal possible production
(MPP)) is defined as the total dry matter production of a green crop surface that, during its entire growth period, is
optimally supplied with water and all essential nutrient elements, and grows without interference from weeds, pests and
diseases.
The aim of this paper is to present the growth and development of some types of agricultural crops in the first
hierarchical level.
To achieve the intended objective GIS of Soil Resources (GISoSR) for the studied object are developed (Kolev 2016).
The following methods are used:
•

A critical analysis of the existing literature data;

•

Remote Sensing;

•

Internet sources.

OBJECT AND METHODS
Location and boundaries of the Regional Unit of Thessaloniki
At the first map the boundaries of the Regional Unit of Thessaloniki (Fig. 1) and the ones of the coterminous Regional
Units are depicted. At the right top of the map the location of Thessaloniki within Greece is shown. The data source
layer is the National Cadaster and Mapping Agency S.A. The data was found as vector files (shapefiles) and were added
to the map. The shapefile was created by digitizing the information depicted at a 1:250000 map made by the Hellenic
Military Geographical Service (GYS). The scale of the produced map is 1:500000. As shown at the map, the Regional
Unit of Thessaloniki is at the North of the country, whereas the coterminous Regional Units are the ones of Imathia and
Pella at the West, Kilkis and Serres at the North and Chalkidiki at the South. At the East Strymonikos Gulf and at the
West Thermaikos Gulf are located.

Figure 1. Boundaries of the Regional Unit of Thessaloniki.
The data source of the road network of Thessaloniki is again the National Cadaster and Mapping Agency S.A. The data
was found as vector files (shapefiles) and were added to the map – Figure 2. The shapefile was also created by
digitizing the information depicted at a 1:250000 map created by the Hellenic Military Geographical Service. The
information is categorized into four types, depicting the two types (1 and 2 at the map) of the national road network
(primary and secondary) and the two types (3 and 4 at the map) of the provincial road network (primary and secondary).
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As expected, the primary national road network takes place close to urban areas, as shown at the following map. The
scale of the produced map is 1:500000.

Figure 2. Road map of Thessaloniki.
The morphology of an area plays a significant part at the development of an area. Therefore, a map displaying the relief
of the Regional Unit of Thessaloniki had to be created. Thessaloniki is an area where both mountains and plains are
met. Moreover, the city of the Thessaloniki which is at the western part of the Regional Unit, along with some other
areas at the West and the East, are seaside areas where the altitude is low. The biggest mountain is Chortiatis, located
close to the city and not far from the seaside areas. Contours are the cartographic method to display the morphology of
an area. The contours shown at the following map have the same source as the previous data mentioned above. The
interval between the contour lines is 100 meters. The scale of the produced map is 1:500000. At the elevation map that
follows, low altitude can be seen at the areas closed to the sea and at the center and eastern part of the Regional Unit
where the lakes Volvi and Koronia take place. On the other hand, higher altitude is met at the western part where
Chortiatis is located and at north – east close to the borders with Serres – Figure 3.

Figure 3. Relief of Thessaloniki.
The data source in order to compile the soil map was a raster file, an image produced by OPEKEPE (Payment and
Control Agency for guidance and guarantee community aid) at 2015. A part of the image that concerns Thessaloniki is
depicted in Figure 4.
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Figure 4. A part of the image that concerns Thessaloniki.
The georeferenced raster in ArcGIS was based on fix points. The result was satisfying, since the errors that were caused
are not affecting significantly a map of a 1:500000 scale. Then, a vector shapefile was added to the map, named soil
type. At the attribute table of the file a text field “soil type” was added. The information shown at the raster was
digitized and for each parcel the soil type was typed to the attribute table’s field. When the digitizing process was
completed, the data was divided and displayed according to the type into different categories. Those categories are:
cambisols, fluvisols, gleysols, leptosols, luvisols, regosols and vertisols. The map was also created in a 1:200000 scale Figure 5. Observing the data displayed at the data source map, not all of the area of the Regional Unit of Thessaloniki is
covered with information. The areas that have no information is the ones that the altitude is high or lakes or urban areas
take place. This can be more easily understood by the created soil map, where the contours, the lakes and the urban
fabric polygons are added as data to the map. The dominant soil types met on the map are fluvisols and cambisols.

Figure 5. Soil map of Thessaloniki.

Crop production as determined by moisture availability
Atmosphere is the main source of carbon dioxide, which is necessary for plants assimilation process. The water status
of the plant influences the rate of carbon dioxide supply, because stomatal opening (resistance) is affected by the water
potential in the plant. In more details, stomata of a plant start to close at some critical lower water content (Christmann,
Weiler, et al. 2007), resulting from a negative balance between the uptake of water through its roots (Felfman, 1984)
and the amount of water lost (Hsiao, 1973) through the stomata in the process of transpiration. So, a direct but
complicated interrelation exists between transpiration, assimilation and the water supply in the soil (Keulen & Wolf,
1986).
In Introduction the potential crop production was defined as the total dry matter production of a green crop surface that,
during its entire growth period, is optimally supplied with water (Blum, 2009) and all essential nutrient elements, and
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grows without interference from weeds, pests and diseases. From this concept, a step may be made to the estimation of
potential yield, i.e. the production of economically useful plant parts, by taking into account the phenological
development (Slatyer, 1974) of a particular crop species or cultivar, and the associated partitioning of dry matter over
various organs of the plant (Brown, 1977). Here a scheme is presented to calculate both total dry matter production and
economic yield for a number of crops, based on radiation and temperature regime, only. The principle of the procedure
is that repetitive calculations are performed, starting at some point in time at which the state of the crop can be
described in quantitative terms, either determined from experimental data or estimated from other known relations. For
most crops a suitable point in time is emergence, which is defined as the moment of transition from growth of the
seedling from the reserves in the seeds to growth originating from carbohydrates formed in the process of assimilation.
Transplanted rice is a special case, because the seedlings, growing on a nursery bed, are uprooted after some time and
replanted on the site where they will eventually mature. The moment of transplanting is then a better starting point.
The state of the crop at the start of the calculations is characterized by measurable quantities, e.g. the weight of the
aerial plant parts, the weight of the roots and the green leaf area, active in the assimilation process. From this state and
the environmental conditions in the following period the rates of the relevant processes, such as assimilation and
respiration, are calculated. These basic processes govern the rates of change of the various quantities that can thus be
calculated. Realization of these rates over the relevant time interval and addition to the quantities present at the
beginning of the period yield the magnitude of the quantities at the end of the period (Keulen & Wolf, 1986). The
availability of land and water to meet national and global demands for food and agricultural production have been put
into sharp relief following the recent rise in commodity price levels (and associated volatility) and increased large-scale
land acquisition. The buffering capacity of global agricultural markets to absorb supply shocks and stabilize agricultural
commodity prices is tied to the continued functioning of land and water systems. At the same time, climate change
brings additional risks and further unpredictability of harvests for farmers due to warming and related aridity, shifts in
rainfall patterns, and the frequency and duration of extreme events. While warming may extend the limit of agriculture
in the northern hemisphere, it is anticipated that key agricultural systems in lower latitudes will need to cope with new
temperature, humidity and water stresses – (FAO, 2011). Over the last 50 years, land and water management has met
rapidly rising demands for food and fibre. The world’s agricultural production has grown between 2.5 and 3 times over
the period, while the cultivated area has grown only by 12 percent. More than 40 percent of the increase in food
production came from irrigated areas, which have doubled in area. In the same period, the cultivated area of land per
person gradually declined to less than 0.25 ha. Agriculture currently uses 11 percent of the world’s land surface for crop
production, and accounts for 70 percent of all water withdrawn from aquifers, streams and lakes – (FAO, 2011).

RESULTS AND DISCUSSIONS
The data for the land use map of Thessaloniki - Figure. 6 was derived from Corine 2006 shapefiles. The land use
categories displayed were divided into three main categories: urban fabric, agricultural areas and forest and semi-natural
areas, whereas some subcategories were also added. The scale of the map is 1:2000000. The biggest part of the
Regional Unit of Thessaloniki is agricultural areas and specifically arable land, with the heterogeneous agricultural
areas following.
The continuous urban fabric is met at the western part and at the seaside, where the city of Thessaloniki is located,
while the rest of the urban fabric is either close to the city or mostly at the West. As far as the forest and the seminatural
areas are concerned, those are located nearby mountain Chortiatis (south – south west) and at the borders with the
Regional Unit of Serres (north – east), where the public forest of Flamouri-Sochos-Vertiskos is.
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Figure 6. Land use map of Thessaloniki.
The cultivation map of Thessaloniki - Figure 7 is depicting further information for the agricultural areas displayed at
the previous map. The four subcategories (arable land, permanent crops, pastures and heterogeneous agricultural areas)
are divided as following:
•

Arable land: Non – irrigated arable land, Permanently irrigated land, Rice fields;

•

Permanent crops: Vineyards, Fruit trees and berry plantations, Olive groves;

•

Pastures: Pastures;

•

Heterogeneous agricultural areas: Complex cultivation patterns, Land principally occupied by agriculture.

The data and the (sub) categories mentioned above were derived from Corine 2006 and a map 1:200000 for
Thessaloniki was produced. According to the map, the most dominant of the four main categories is arable land, with
the heterogeneous agricultural areas following, then pastures and last permanent crops.
Focusing on the arable land, by reading the map and analyzing the data, some conclusions are drawn. Firstly, non –
irrigated arable land seems to occupy the largest area, second is the permanently irrigated land and the smallest area is
used for rice fields. On the other hand, there is a difference in the numbers met. In total 164 pieces of arable land is
depicted, as derived from Corine 2006. From those 102 are non – irrigated arable land pieces, 25 permanently irrigated
land pieces and 37 rice fields. As a result, it is easy to understand that permanently irrigated land pieces might be less
that rice fields, but is seems that they are quite larger. The information mentioned above can be better understood by
analyzing the attribute table of the shapefile and from the map following.

Figure 7. Cultivation map of Thessaloniki.
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Applying the model (Keulen & Wolf, 1986)
This model were applied on permanently irrigated crops (maize), non-irrigated crops (wheat) and rice fields concerns an
experiment with the rice variety IR8, one of the so-called high yielding varieties (HYV) developed at the International
Rice Research Institute. The results show that the calculated potential production is almost the same as the yields from
permanently irrigated maize and two varieties of rice. The yields from semi-irrigated crops were about 70 percent of
calculated potential production. The yields from noni-irrigated crops were about 50 percent of calculated potential
production. The yields from permanently irrigated bio cultivated crops were about 80 percent of calculated potential
production. These results are because of organic fertilization and grow without interference from weeds, pests and
diseases which were realized according to requirements of organic farming, but not because of irrigation shortage.

CONCLUSION
In most societies clean water is taken for granted. But water is one of our most critical resources. Water sustains
agriculture and, thus, human food chain. Yet, for all of its importance – to sustain our fast-growing global population
and to ensure our future prosperity – few politicians and organizations are thinking strategically about the profound
risks that will exist in a world where climate change is likely to exacerbate already diminishing water supplies. Drought
attributable in significant part to climate change is already causing acute water shortages in large parts of Australia,
Asia, Africa, Europe and the United States (CERES, 2009). The land and water systems, underpinning many key foodproducing systems worldwide, are being stressed by unprecedented levels of demand. Climate change is expected to
exacerbate these stresses in some key productive areas.
There is scope for governments and the private sector (including farmers) to be much more proactive in enabling and
promoting the general adoption of more sustainable land and water management practices. The model for the potential
agricultural production will help to improve of these practices. These have the potential to expand production efficiently
in order to address food insecurity while limiting impacts on other ecosystem values. However, this will require
profound changes in the way land and water are managed. Global and national policies will need to be aligned and
institutions transformed to become genuine collaborators in applying knowledge and in responsible regulation of the use
of natural resources. Business as usual, with or without some marginal adjustments, will not be enough. The status and
trends of land and water resources for food and agriculture described in State of the World’s Land and Water Resources
for Food and Agriculture (SOLAW) provide a basis for designing and prioritizing regional programs and financing, to
enhance sustainable management of land and water and address the systems at risk.
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Abstract
This paper presents the Russian seas ecological atlases series development results. Now there are published The Kara
Sea and The Laptevy Sea atlases. Both atlases include six chapters. They cover geographical aspects of the water areas,
biodiversity, economic development, specially protected areas, and coastal environmental sensitivity. First five chapters
feature detailed maps with legends and infographics. Unlike these chapters, the sixth chapter has two sections. The first
one describes the ESI coastal categorization principles, and the last contains maps. Both conventional and advanced
cartography visualization procedures are used. Particularly, the water areas biodiversity maps are represented with a
hexagonal grid that clearly shows the quantity and structure of the water area types.
Keywords: atlas, Arctic, ecology mapping

INTRODUCTION
Over fifteen centuries cartography has evolved from huge paper tomes to advanced publicly accessible electronic
media. Atlases are complex editions representing state-of-the-art cartography. The Russian complex atlas cartography
has boosted in Soviet Union, when the reference atlases publishing has started. The first such atlases were developed in
the 1930s. These editions included complete map packages covering individual natural system components, and
detailed population and economic data. They also included mineral, evaluation, and forecast maps.
Since the mid-1950s marine atlases have been developed (e.g., Morskoj atlas…, 1950-1958, Atlas okeanov…, 19741982). These cover the history of water areas, seabed and ocean floor exploration, the maps of bathymetry, hydrology,
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hydrochemistry, and biogeography. However, these atlases lack marine environmental status assessment. Still, the
global ocean resource development requires new approaches to categorization of current water areas status information
to prevent environmental disasters. For this reason, the development of ecological marine atlases is very relevant.
For the last decades, the world cartography has been producing more and more comprehensive marine environmental
atlases. For example, The Bering Sea, Chukchi Sea, and Beaufort Sea Atlas (Smith et al., 2017) aggregates the general
geographical information, biodiversity, and economic activity data. The Beaufort Sea Atlas is yet another specialized
ecological atlas representing the oil spill sensitivity of certain coast types. The atlas includes a package of large-scale
maps categorized under ESI.
At the present time, the electronic atlases are developed rapidly. These atlases have a user web-interface enabling to
obtain the certain visual information interactively. For example, European Atlas Of The Seas,
(http://ec.europa.eu/maritimeaffairs/atlas/maritime_atlas).
Advanced geoinformation systems significantly reduce cartographic edition development period. The marine atlases are
in high demand by both researchers and marine professionals. A number of books covering the seas washing the
Russian shores have been published (Ekologicheskij Atlas. Karskoe more, 2016; Еkologicheskij Atlas. More Laptevyh,
2017). Its specific feature is the unification of the volume information collecting, processing and visualization basic
principles, and methods of the tome inner composition.
Water areas cartography data sources
The seas are complex entities in terms of single map and map package development. Huge area and complex shore-line
configuration translates into specific requirements to map projection, format, and layout. Besides, seas are evolving
varying its surface and volume properties. Intense development of coastal processes (extremely intense in northern
water areas) leads to continuous shore-line shifts (shore retreat). Even more, some islands can completely disappear and
be replaced with shallow water areas of the same name.
These water area features result in unusual requirements for data sources used in map development and updating. All
marine cartographic data sources can be categorized into four basic groups:
survey results
remote research materials
references
available cartographic materials of the entire water area or its sectors.
Surveys provide the most accurate values of the water surface, mid-water, and bottom waters properties are obtained.
These measurements are discrete. They reflect the water area status at the regular survey station mesh nodes. Thus, such
an information source is unable to provide continuous water area property distribution over the same period of time.
This restricts the applicability of such data for continuous water area cartography.
On the other hand, remote study materials simultaneously provide a data array covering the entire water area or most of
it. This group includes remote studies of bottom waters (with geophysical survey methods such as sonar detection, echo
sounding, etc.), and space survey (various spectral range imagery, scope and resolution), and satellite tracking of
marked animals.
Remote bottom waters survey provides the images required some special skills to handle. However, it is a valuable
source of deep water, floor relief morphology and bottom features. Space imagery enables to analyze some sea surface
derivative properties. For example, they are the temperature, the chlorophyll concentration, the ice-lead and ice-edge
locations, etc. However, the remote survey methods also have their restrictions. They are clouds, very common for
Russian seas and polar night (restricts space imagery in the optical band.) Animal satellite tracking often provides
random data useless for visualization, but still they contain important data on the species migration routes. Data
preprocessing is required for visual representation on low-scale maps. An example of such preprocessing is represented
in Figure 1.
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Figure 1 The route of a polar bear with a satellite tracker

RUSSIAN SEAS ECOLOGICAL ATLASES COMPOSITION
The Ecological Atlases Composition
The ecological atlases series consists of books covering each Russian sea. The Kara Sea and The Laptevy Sea atlases
have already been published. Each book includes six chapters: physiographic sea characteristic oceanographic
characteristic biodiversity area economic development specially protected natural areas environmental coastal
sensitivity. The section composition is shown in Table 1.
Table 1. Ecological marine atlases composition
Chapter 1. Physiographic characteristic of the Kara Sea

1.1 General overview
1.2 Climate
1.3 Geology and geomorphology

Chapter 2. Oceanographic characteristic of the Kara Sea

2.1.
2.2.
2.3.
2.4.
2.5.
2.6.

Chapter 3. Biodiversity of the Kara Sea

3.1.
3.2.
Sea
3.3.
3.4.
3.5.
3.6.
3.7.

Macrozoobenthic communities of the Kara Sea
Fish fauna of The Kara Sea
Birds of The Kara Sea
Marine Mammals of The Kara Sea
Plant Complex of The Kara Sea Shores

Chapter 4. The Kara Sea and Shores Human Impact

4.1.
4.2.

The Region Economic Activity
Transportation Infrastructure

Chapter 5. Areas With The Special Protection Status

5.1. Specially Protected Natural Areas
5.2. Wetlands (Ramsar sites)

Hydrological structure of the Kara Sea
Ice conditions
Thermohaline structure of sea water
Hydrochemical structure of sea water
Directions of Currents In Surface Water Layers
Tides and Other Fluctuations of The Sea Level
Pelagic communities of the Kara Sea
Macrophytobenthic communities of the Kara
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Chapter 6. The Kara Sea Shore-line Environmental
Sensitivity Assessment

6.1.
The Shore-line Environmental Sensitivity
Assessment Methods
6.2.
The Kara Sea Shore-line Categorization
The Kara Sea Environmental Sensitivity
6.3.
Assessment Findings

The first chapter represents the study sea physiographic characteristics: climatic, geological, and geomorphological area
conditions. The second chapter represents the water area oceanographic criteria distribution: the stream conditions, the
ice conditions, the thermohaline and hydrochemical characteristics, the constant flows directions and level regime
specificities. The third chapter represents the marine biodiversity characteristic, including the plankton community,
macrophytobenthic, macrozoobenthic, fisheries, ornithofauna, theriofauna, and coastal plant complex. The fourth
chapter describes the area economic development and transportation infrastructure features. The fifth chapter describes
the nearest areas with the special protection status and wetlands included into Ramsar Site. Finally, the sixth chapter
provides the coastal categorization by the oil spill sensitivity factor (according to the ESI).
The first five chapters include the maps with the legends and infographics. The sixth chapter contains two parts: the first
part describes the principles of ESI coastal categorization, and the second part includes the maps set represented the
categorization of the certain large-scale coastal areas according to ESI. This maps set includes the map division at the
beginning.

The atlas mathematical basis
The Albers equal-area conic projection is used. The central meridian and standard parallels are selected in accordance
with the study area location. Thus, the Kara Sea atlas has the central meridian at 70o e.l. and the Laptevy Sea atlas – at
120o e.l.
The scales was selected in accordance with shown parameters. The biggest scale (1:1500000) was selected for the mapcharts of place-names and map-charts of oil spill sensitivity factor coastal categorization. They are based on particular
materials, such as aerial survey or space survey high resolution images. The second scale factor (the main level,
1:7500000) is used for representation of map-charts at broadside (the Kara Sea atlas). The third scale factor is used for
block of four maps and approximately twice as small as main factor. The inset-maps are composed with 1:20000000
scale factor.

Composition
The several water area research levels require several main scale factors. This requires for several compositions
development. There are five composition types in Russian seas atlases: broadside map-chart, page map-chart, map-chart
with inset-map, map-charts block with three maps, map-chart block with four maps. Herewith, all composition types
have following maps location (excluding broadside): the map field is located at left side, and the legends – at neighbor
page (Fig. 2). Herewith, for ease of use the common geographical content legends are printed in separate bookmark. We
should note, that the all atlases maps legend are represented at both Russian and English languages.
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Figure 2 Atlas broadside. The map at the left side, and the legend at the right side.
The hardest problem was a positioning of the map symbol scale for the four maps block. The scales location at maps
bottom caused the block not fitted in the broadside page, and scales location all-together at the page bottom or in the
legend content caused poor maps readability. The problem had been solved through the scales positioning between the
neighboring map blocks (Fig. 3).

ATLASES MAPS GENERAL GEOGRAPHICAL BASIS
All atlases are created at the unified general geographical basis including following content elements: shore-line
location, land and sea bottom relief, hydrographical items, population centers and main components of transportation
infrastructure. The key objective of the general geographical basis development is a collecting and verification of the
shore-line location data. Its location information is verified and elaborated in the base of open and commercial (if
necessary) data sources (for example, high resolution space imagery). The hypsometric tints selection is important
problem also. It must correctly represent the relief plastic of a region.
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Fig. 3 Example of the four maps block

INFORMATION VISUALIZATION FEATURES OF THE RUSSIAN SEAS ECOLOGICAL
ATLASES MAPS
Everincreasing information volume casts a difficult problem to map-makers – to visualize several properties of the same
item. The main principle of the atlases maps appearance is the data representation clarity and cartographic image
readability.
For information visualization were used almost all methods of cartographic representation, from simple signs and
isolines with layer-based coloring (Fig 4. a) b)) to complex methods for several features representation at the same map
or integrated features. The environmental coastal sensitivity maps and biodiversity maps are examples of such complex
methods of cartographic image creation.
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Figure 4 a) Area Economic Development map snippet, b) Average Long-term Maximal Atmospheric Temperature map
For complete representation of the coastal oil spill sensitivity it was necessary to show the coast categorization under
ESI and describe the morphodynamical coast types. This properties was shown by two parallel lines. The first one is
completely matches the coast line, and the other one goes in parallel with the first one (Fig. 5).

Figure 5 Coastal Sensitivity map snippet.
In biodiversity map it was necessary to show the much information about species of Russian seas and their structure.
The limited atlas volume make it impossible to create a separate map per species. That’s why it was used the regular
hexagonal grid to unify the information, where cell-color indicates the species count. The species structure is shown in
inset-diagrams with the same hexagonal grid, but with bigger cells (Fig. 6).

680

Proceedings, 7th International Conference on Cartography and GIS, 18-23 June 2018, Sozopol, Bulgaria
ISSN: 1314-0604, Eds: Bandrova T., Konečný M.

Figure 6 The Kara Sea Marine Mammals map

RESULTS
The works of the Russian Seas ecological atlases series development have resulted in establishing of the basic
information management and arrangement principles and definition of the entire atlas and maps basic content. There
was approached the methods of big data array integration into one map. Both created atlases are reference materials,
where unless readable maps the big volume of general geographical and special information about seas is represented.
These atlases contains the whole state-of-the-art in the water area research. It is intended both as a reference book and
as a tool for water areas study factor analysis and assessment.
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Abstract
The purpose of this paper is to show the importance and impact that the Geographic Information System has within an
enterprise. As such, the Geographic Information System (GIS) can be used for multiple purposes. Most importantly, it is
the help this system offers in making decisions and managing within an organization. Inside a Geographic Information
System, geographic data, such as maps and attributes, can be treated. Attributes otherwise present tabular data
associated with geometric features by describing what kind of function represents an object and object features. In most
sectors of the society, the use of GIS is growing at very high speeds as the benefits and benefits of this system have
improved the efficiency of many organizations. This rapid development of GIS has not left without touching our country,
as many companies and enterprises have begun to apply the GIS system. Therefore, in this paper will be considered the
case of the water utility company RUR "Hidrodrini" in Peja, which has applied the ArcGIS Geographic Information
System since 2008. During the review of this case will be attempted to understand the impact that the application of the
ArcGIS in the water company "Hidrodrini" in Peja.
Keywords: GIS, Water company, attributes, maps,

INTRODUCTION
Many of the world's developing countries are among the main problems they face is the supply of drinking water. Water
losses that occur due to technical leaks, theft or misuse of water are usually of a high level. In such a situation was
Kosovo, where due to the old system, especially the misuse of water, public water utilities have had major problems in
offering their services. As a result of these problems for water utilities, there was a need to equip them with a geospatial
information.
This platform provides easy access to maps and information on any on-field equipment or others who collaborate and
communicate with it, such as contractors and clients. A platform that has vast use of the world to manage all services
within a water supply system is known as the GIS or otherwise the Geographic Information System. Geographic
Information Systems represent the most modern technology that has been found today in the most advanced Western
countries and beyond. GIS as a science is multidisciplinary, as such is integrated into a wide range of highly delicate
issues by the level of complexity. Experience shows that many countries already have integral and inseparable GIS
systems in almost all information and communication sectors.
As many countries applied this system and from their practice saw that this was a successful and highly efficient
system, water supply services in Kosovo began with the application of this platform or otherwise known as ArcGIS.
This is known as the best geographic platform that enables these services to create, organize and share geographic
information and tools with each person within the organization through a variety of office and field equipment.
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One of the water utilities in Kosovo which has implemented this system since 2008 is also the Regional Water
Company "Hidrodrini Sh. A "Peja, for which company will be based my work or exactly for the application of the GIS
information system that is made by this company in order to understand the advantages and benefits that came from its
use.
It can simply be said that GIS enables or represents the integration of cartography, statistical analysis and database
technologies. A GIS can be thought of as a system that in a digital way creates and "edits" spatial areas that can be
administrative, for a certain purpose or oriented to specific requirements. In general, a GIS system is viewed as a work
platform developed for an organization as per their requirements. For this reason, a GIS system that is developed as an
application for administration, enterprises, or for any other purpose may not necessarily be connected or compatible
with another GIS system that has been developed for some other applications.

Purpose of the research
The primary purpose of this diploma work is to study the application of the geographic information system Arc GIS at
the water company '' Hidrodrini '' in Peja. During this diploma work I will show you the advantages offered by the Arc
GIS information system and how this platform helps to facilitate the everyday work being done in the water supply
system.
Here we will present the goals and the reasons that have led to the application of this platform that is done by the
Department of GIS and Planning within the company Hidrodrini in Peja. According to this department, the
implementation of the Geographic Information System (GIS) has been done to improve the following:
•

Enhance data security,

•

Simplification and improvement during the course of the work,

•

Merging graphic data with alpha numeric data,

•

Merging Financial Data,

•

Supporting the identification of illegal connections

So, based on the data collected, the information and their analysis, the purpose of this material is to introduce the
functioning of the GIS in K.U.R "Hidrodrini" Pejë. With special emphasis, We will try to understand whether the
company "Hidrodrini" has been upgraded to improve the above mentioned points which have been their initial goal as
well. To achieve this We will cooperate with the experts and the responsible persons that are part of K.U.R "Hidrodrini"
and who have been part of this project since the beginning of its implementation to date.

Methodology
the realization of this study several methods have been used which will mainly be the theoretical method. The methods
used in this study are:
•

Theoretical treatment method: this is a method we will use to describe the definitions and to explain the Arc
GIS information system and in particular to explain it for its application in K.U.R "Hidrodrini" Pejë.

•

Methods of analysis: in this scientific paper, related to the application of the GIS information system to the
regional water supply system in Peja, the method of analysis will be used to make an analysis of the work done
before and after the installation of the GIS.

•

Qualitative Method: or Qualitative Method will provide understanding and clarification of the case study by
obtaining data on GIS working practices by interviewing responsible persons and experts from the Department
of GIS and Planning who will be asked questions such as: What is the level of education? The positions they
currently work on? Their role in installing and implementing this system? And the difference they notice in the
work before and after the application of this platform? These were some of the questions that will be asked for
the abovementioned persons, as other issues that can be evidenced during the course of the work will be
realized.

•

Comparative Method: For Comparative or Comparative Methods, it would use ArcGIS implementation in the
water supply system for any of the countries in the region or any European country.
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•

Cartographic Method: In this method, ArcGIS software will be used to present in compiled form, data,
graphic design and other information, which will be realized in the regional water company Hidrodrini in Peja.

Definition and understanding of the GIS information system
Geographic information systems are one of the most powerful software tools in the world. A GIS uses computer
technology to integrate, manipulate and display a wide range of information in order to create a geographic view.
Starting with a computerized topographic mapping on the base of how much a GIS covers and integrates graphical and
textual information from separate data.
The end result is a tailored and reliable tool so it can support decision-making and problem solving and provide almost
instantaneous answers to complex questions. All of these definitions usually refer to a computer hardware, software
system, and people who support capturing, managing, analyzing, and displaying spatial data [1].
For a Geographic Information System (GIS) we can say that it is a computer program that enables the management,
processing, analysis and visualization of data that are referred to in the land space. GIS is a tool by which data can be
divided into layers and at the same time present a basic map of the area where the data are located. The base map may
consist of transport network, buildings, land plots, terrain image, rivers, etc. Data can be presented as individual layers,
as individual objects, or may be combined with other layers for different presentation and analysis.
Another definition states that a Geographic Information System (GIS) is a computer-based computer system for
analyzing virtually anything, moving or stationary maps. A GIS integrates common database operations, such as query
and statistical analysis, with the ability to see how data is related to space and time. Maps produced with a GIS are
useful to show locations and events taking place outside in nature. They are useful for analyzing and visualizing any
spatial or temporary system that may also change over [2]. So GIS is a computer-based system that facilitates data
retrieval, data analysis, and presentation, especially when it comes to geo-reference data.
From the definition it can be understood that a GIS system can be divided into four subsystems, which are [3]:
1. Entry - representing the receipt of data
2. Before processing - processes the data received
3. Analysis - performs analyzing processed data
4. Exit - or otherwise known as the presentation of data
Thus the arrival of free and powerful computers over the last few decades has allowed for the development of new
software applications for storage, analysis, and display of geographic data. Many of these applications belong to a group
of software known as GIS. Many definitions are proposed for what constitutes a GIS. Each of these definitions matches
a particular task that is being performed.
Based on these definitions, GIS can be defined and demonstrated. Activities normally performed on a GIS include [4].
Measuring natural and human phenomena and processes from a spatial perspective. These measurements include three
types of properties that are commonly associated with these types of systems: Elements, Attributes and, Connections.
Preserving digital measurements in a computer database. These measurements are often linked to features on a digital
map. The feature can be of three types: points, lines and Polygons.
The description of the measured or analyzed data can be presented in these types of images: maps, graphics, list or
summary statistics.
Because of these features and capabilities that GIS software provides is widely used and used in fields such as
engineering, environmental science, land surveying, urban planning, emergency management, and Web mapping. Once
GIS becomes more and more important day, more applications and uses are being introduced. Nowadays GIS and GIS
applications have found their way to use smart phones, PC tablets, and other devices that can be connected via Wi-Fi.
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Implementation of GIS technology
Numerous studies have addressed and conducted studies on the adoption and implementation of technological
innovations in other areas of life. Historically, the concepts of dissemination and implementation have been derived and
are independently defined by different sources. Thus, the term "spread" is usually referred to the acceptance and use of
technological innovations by the population or by businesses. While the term "implementation" is usually referred to the
acceptance of new models or techniques within organizations' processes [5]. So the concept of implementation within
organizations can be seen as a "phenomenon of change" or a process for creating organizational.
Thus, even when implementing a GIS system, a company will be faced with many different things that the company
needs to be ready to adapt. Starting from what has been seen and heard by other companies that have already
implemented the GIS system, I can say that by implementing this technology an enterprise will only ease its daily work
and at the same time make a difference What is most important, the biggest change can come and can be seen from
increasing the efficiency in providing their services to their customers.
n its basic meaning, the implementation of GIS can be defined as the introduction of a new information system,
program, or model that is accepted by organizational personnel. Successful implementation is determined by dramatic
changes and improvements in the decision-making process of the staff. The concept of implementation within
organizations and businesses can be seen as a different phenomenon in the process of creating organizational changes
[6].
For a successful implementation of this technology according to Obermeyer and Pinto, three very valuable criteria must
be considered, which are [7]:
•

Technical Adaptation - Presents the belief that the system to be implemented will fit into the processes of the
organization.

•

Organizational Adaptation - this represents a measure of harmony between the organization and the system
that will be implemented or different can be said, the organization's appropriateness to the organization and

•

Organizational Effectiveness - represents an increase or improvement in decision-making.

Other GIS technology researchers have suggested that there are three necessary elements and generally three sufficient
conditions for the effective implementation of systems based on the computer system [8].
1. Information management strategies that identify user needs and consider resources available to the
organization.
2. Engage in the participation and implementation of any form of information technology by individuals at all
levels of the organization.
3. A high degree of organizational and environmental stability
Clearly defined goals, sufficient resource allocation, management support, implementation timetables, competent
technical support and adequate communication have generally been key points that are crucial to the implementation of
a new system. So when an organization meets these conditions then it is ready to implement the GIS technology and use
it to provide the best service to its customers first and to increase its organizational.
The implementation of GIS technology represents the whole process of technology transfer, which is the time since the
beginning of the application of this technology until an organization approves it. Approval means that an organization
has included a GIS in its operations and regularly uses it when needed in its day-to-day activities. Accordingly, usually
GIS implementation can be a process that consists of six phases:
Stage of Awareness. At this stage, people within the organization understand and learn about GIS technology and the
potential benefits to their organization. This really represents the stage of suggestion, discussion or stage for
justification of the beginning of the implementation of this technology.
Developing system requirements. The idea that a GIS can benefit organizations is a formal acknowledgment while a
more systematic and formal process is created to gather information about technology and identify potential users and
their needs. So an analysis of formal needs is what is mainly done at this stage.
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System Assessment. Alternative systems are proposed and evaluated. The evaluation process takes into account the
analysis and the need of the previous stage. At the end of this phase, a formal decision should be made whether or not to
proceed with the purchase of a GIS.
Development of the implementation plan. Once the decision has been made to continue purchasing a system, a plan
has been developed to obtain the necessary equipment and staff, then make organizational changes and fund the
process. The plan can be a formally accepted document or a rather informal series of actions.
Buying the system and getting started. When the system is purchased, installed and the staff is trained, then the
creation of the database is started and it is time to establish the operational procedures. Creating a database is usually
the most expensive part of the implementation process. Significant attention is needed to establish appropriate control
data to ensure that the data entered meets the required standards and that appropriate refresh procedures are
implemented to maintain database integrity.
Operational Phase. At this stage initial database automation is complete and operating procedures are developed to
maintain the database and to provide the information services the organization requires. At this stage, procedures have
been developed to maintain the GIS object and to improve services so that GIS continues to support the needs in
organizational information changes.

Evaluating the success of the implementation
It is very necessary that after the implementation of this system, to evaluate whether the implementation has been
successful, its evaluation should also be carried out. When assessing the success of the implemented GIS system, there
are many factors involved in the game. For this we will first present an image (Fig.1) which represents the "time line for
evaluation" of the success of the GIS system.

Figure. 2. System evaluation over time (source: Obermeyer, N. J. and Pinto, J.K., 2008)
In the figure, the "time line" simply illustrates the temporary nature of many of the assessments that are made to
measure the success of the implementation of the Geographic Information System. In the early stages of the
implementation process, typical assessments of success tend to revolve around such issues as the use and quality of the
system. So when installing GIS this system is used by organizational members who start making first evaluations of the
quality of this system.
At this early stage, "success" often lies in its acceptance by organizational members and in their security and readiness
to use the new system in their activities. So by going from the right-to-side line, other aspects of the system's success
assessment are noted, which can make an accurate and very important assessment. One of these appraisers is the clients
who always give estimates that are of great importance to their organization and their new systems.
Thus the success of an organization in the implementation of the GIS system can be assessed in this flow [9]:
System features
1. System Quality: The system adheres to satisfactory standards in terms of its operational characteristics.
2. Quality information: The material provided by the system is reliable, accurate, timely, user-friendly, and
unique.
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Characteristics of data usage
3. Use: The material provided by the GIS should be easily and smoothly employed by the organization so as to
fulfill its operations.
4. User Satisfaction: This is achieved when customers using the system will be satisfied with the way in which
the system affects their jobs through the nature of data delivery.
Impact Assessment
5. Individual Impact: Members of departments using GIS should be satisfied with how the system helps them
perform their jobs through positively influencing their efficiency and effectiveness.
6. Organizational Impact: The organization as a whole will receive and earn a positive income from GIS, by
making the best decisions and / or reducing costs in its operations.
Thus, the periodic assessment of the GIS system after its application to an enterprise or organization is a process that is
done either inadvertently, as the results are the ones that show the efficiency and success of this system in the
organization. Results that come from the organization itself but also from outside.

ARCGIS PLATFORM AND ITS DEVELOPMENT IN WATER SERVICES
Services all over the world are facing unprecedented changes. Nowadays service providers like those of water or energy
need increased efficiency for network protection and self-customers. To achieve this, new tools and strategies are
needed for companies and enterprises to provide quality customer services. Thus spatial data usage is one of the major
focus areas for many services such as water, electricity and gas.
Improving hardware, software and networking technologies have created opportunities for the service industry to build
and benefit from the sophisticated GIS system. GIS applications have evolved and have been developed a lot since their
establishment since the creation of maps up to the advanced tools of analysis for operation and planning. GIS products
are usually used by marketing services, production facilities, and engineering services [10].
The advantages of using GIS in the service business are great, as 80-90% of their data is linked to any geographic
location. This is very important for businesses themselves as they need to know where their pipes, valves, pumps,
meters and other facilities are located on the ground are located. They also need to know the location of water usage and
customers, where their teams are working and what facilities need maintenance. The facts mentioned so far are just
some of the many advantages that may come from the application of a geographic information system.
GIS evolution in services
The main purpose of each enterprise is to plan and manage equipment so as to provide its services to their customers in
the best possible form. The service industry has always been based on paper-based maps through which its executives
have managed their own equipment. So starting from this it was very natural that water companies or electricity
companies be among the first users of the software that offers the creation of digital maps.
The first automation efforts during the 1970s and early 1980s were mainly focused on creating digital maps. Once
graphic design was needed for the realization of this task, most companies choose design using Computer Aided Design
(CAD) software as a basis for systems called Automated Mapping / Facilities Management or Automated Design /
Device Management [11].
Among the systems in use during this time period, a central processing and memory unit (mainframe-based) has been
developed. This was a computer system that focused on problem-mapped data modeling. Called the Geo-Facilities
Information System (GFIS), this technology built an elegant and comprehensive model for networking devices, using
IBM IMS database technology to store the data model. Despite the expensive nature of the solution, it was popularized
by some major services in North America and Europe. IBM's first model was used and used for tracking and locating
electrical circuits, gas, water networks, and network performance model analysis [12].
After a while, mini-computer systems became very popular and replaced mainframe-based technology, hence the
Automatic Design / Device Management systems, which for a time relied on the data model network for displaying and
storing objects of data began to utilize this new platform. Data linking technology came sometime in the mid-1980s.
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While in a particular field of effort, GIS was popular in the early 1980s, mainly GIS had its own scope of management
of lands and natural resorce [13].
By the late 1980s, many AutoComplete / Device Management users began to embrace GIS ideas, using geo-link
technology of models and maps of equipment and land. In this model, spatial definitions of land and objects are
preserved in terms of their coordinates in binary file format, while the attributes about those entities are stored in the
data base management system. Thus, customer connectivity and computing systems with spatial presentations of
facilities in the service area transformed the compilation system into an information system [14].
The GIS organizes geographic data in order to create the opportunity for anyone who is consulting a map to obtain the
information needed for a particular project or task. A thematic map has a summary table that allows its reader to add
information or data to a reference map of the actual situation in the country. So a GIS program is able to process
geographic data from a variety of sources of information and integrate them into a map. Different countries have
different types of geographic data for analysis and Governments almost constantly invest in the realization of GIS in
different fields with a view to making them available.
Following a development or evolution of the Geographic Information System, many companies and individuals today
use the term GIS in the broad sense, including the whole system, starting from hardware, software, data, and even staff
and not seeing the GIS system just as a special technology for building a digital map.

ArcGIS platform
ArcGIS software is a geographic platform that enables water utilities to create, organize, and share geographic
information and tools with everyone in the organization in a variety of on-site or off-site equipment. ArcGIS
applications can operate or work almost anywhere on a local network and are accessible from a desktop, web,
smartphone, or tablet. The ArcGIS platform itself includes maps on the internet and geographic analysis of an enterprise
portal and geo-spatial content management, allowing organizations to easily manage and manage content, share maps
and collaborate [15].
ArcGIS is the geo-spatial platform that can provide these opportunities for water utilities to support business needs for
critical missions. This software supports all business models of water, sewage and utilities.
Other assistance or facilitations that may come from ArcGIS for these businesses or companies that provide water
services are [16]:
•

Sustainable water management and sanitation infrastructure.

•

Cost control for cases such as water loss control, rate stabilization and development fees.

•

Readiness for emergency response.

•

Planning and financing capital improvements.

•

Communication and transparency in relation to clients.

•

Administration of facilities, such as water supply, protection of catchment basins and conservation.

In the following I will present ArcGIS platform for water services (Fig.2)
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Figure. 2. ArcGIS platform for water utilities
As shown in Figure 2, the infrastructure platform is based on the hardware platform and operating system. With content
and capabilities or capabilities, refer to GIS servers and their functionality, as well as referring to databases and filing
system where content is stored. API (Application Programming Interfaces) and Software Development Kits offer
interfaces for ArcGIS options or options and are used to build elements of subsequent levels (eg web) . Content
management and applications are further featured. This consists of an ArcGIS portal including ArcGIS Online and an
ArcGIS for additional servers. The portal for ArcGIS only serves to govern access to content, web links, and identity
management skills.

ArcGIS in Water Services
Water is an essential part of our daily life. In the background there are many people working to ensure that we have
clean water and reliable water supply. Originally starting around the time of the industrial revolution, with the arrival of
standards for water, wastewater and management of effluent water services, it started to establish and build standardized
water management practices. This has resulted in the ability to supply millions of people in urban centers without any
pollution, poisoning or other complications at the time of the pre-industrial society [17]. While today, in many countries
around the world, these systems that were built long ago have started to be spent, have lost and their lifespan is
decreasing every day. Therefore, the assessment, planning and management of these systems is something very crucial
and important.
Assessment of drinking water supply in urban and suburban areas is one of the key issues for sustainable economic
development. Many of the urban services including the main water supply pipelines were planned and built on the basis
of population distribution and economic development at the time of establishment. Consequently, water infrastructure
and services could face stress and problems due to the impact of spatial patterns, as the population distribution and
economic development changed over time.
The water supply system is a complex system that integrates some spatial features. Therefore, it is necessary to use the
information support system in many aspects and also have the ability to maintain and manage and analyze the data.
Designing the surface of the water supply system has to do with the sites and capacities of diversity and storage works
as well as their operations to accomplish many goals and goals. Thus, in order to ensure sufficient quantity and good
water quality, the planning and construction of appropriate water supply schemes has become almost indispensable in a
modern society.
Thus, after the arrival of the Geographic Information Systems (GIS), it is possible to visualize and design the entire
water supply cycle from its source to the customer. This is accomplished as the Geographic Information System
provides some of the most comprehensive tools for storing, manipulating and analyzing data. GIS implementation can
not only reduce the time it takes to analyze the information, but it can also provide more efficient use of resources with
high flexibility. It enables the user to save and display large amounts of graphical data to greatly enhance interpretation
and analysis. An important GIS capability is the support of digital spatial characteristics and attribute data attributes for
map features [18].
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ArcGIS for Water Supply Companies is a configured platform that means that it includes, desktop configuration, mobile
applications, web services, ArcGIS publishing services for Server and ArcGIS Online, and creation, management and
distribution of geo content space. ArcGIS's mission for water utilities is to increase the value of geographic information
about water, making it easier to deploy to ArcGIS and quickly delivering or disseminating GIS content across the
organization. Also in ArcGIS for Water Services maps and applications are designed as configurable and expandable to
meet the unique needs of individual water supply services and as such are available to put these enterprises on the
platform their ESRI licensing.

ArcGIS models in water services
From the ones that appear above we can say that ArcGIS software is software from the use of each and every company
or organization, whether public or private, can benefit greatly. This system facilitates task performance and enables a lot
of work to be done remotely (eg work such as controlling and managing network infrastructure in an organization). For
organizations that provide water services, ArcGIS is the right solution as it offers increased efficiency, both for its
customers as well as for the company itself.
Using this software enables increased transparency to regular customers and on the other hand detects and prohibits
illegal interventions and misuse of water by irresponsible customers. So from the models of this software, the winners
are not only the organization but also its customers. In general, five common GIS models are known which form a
framework to harmonize the needs of water utility businesses with an ArcGIS platform. Each model represents a
functional GIS element in an enterprise. These models are (Fig.3) [18]:
1. Asset Management
2. Planning and analysis
3. Mobility on the ground
4. Operational awareness and
5. Constitutive engagement
These models are intertwined. In some enterprises the workflow may be supported by two or more GIS models.

Figure. 3. Models of GIS Solution for Water Utilities

Asset management
GIS asset management solutions in the organization include the process of storing, managing, and accessing spatial
data. For water services, this is an authorized depot for asset data such as pipes, valves, meters and other network
features, as well as operational data such as pressure areas, workstations, main disruptions, and locations of inspection.
Asset management highlights ArcGIS for desktop and continuous data in geo database and requires work streams to
maintain current data and maintain data integrity.
This workflow includes [19]:
 Procedures for adding, modifying and deleting system assets based on data validation rules.
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 Procedures to carry out quality and quality checks
 Procedures to manage editing by many users.
Sound asset management practices can provide sustainable foundations for an enterprise that deals with the
management of potable water, sewage, and surface water infrastructure with abnormal or large quantities (with a large
drop).

Planning and analysis
GIS planning and analysis solutions include transforming raw data into actionable information through the application
of analytical techniques. The ArcGIS Framework for Geo-Processes provides a full set of spatial analytic functions and
tools including layer, solution and modeling functions. Technically, there are many ways to use a Geo-Procession
function, but the two most common are through scripts and templates [20]. For example, the main mapping or waterway
finding function is commonly used to assist field teams to identify which drainage system should be closed to isolate a
system segment in both scenarios and emergency situations and maintenance. So network tracking is a complex analysis
through geo-processing models. The ArcGIS platform allows action intelligence that is divided into the integrated and
visual.

Willingness / Organization on the Ground
GIS is a software that enables field staff to view, capture, save, refresh, manipulate, and analyze their network,
equipment, and operational data (job orders, complaints of customers and inspections). Field personnel require a simple
solution for visualizing, exchanging, collecting, and updating them. This GIS solution model is made possible by the
availability of information that is stored and optimized for the mobile environment. The requirements for this model are
to improve the visibility or visibility of an organization's operational aspects, to increase workforce planning, to
facilitate the use of data, is no longer a problem and empowering field staff with relevant information necessary for
their duties outside the office.

Operational awareness
Accurate painting of organizational activities and projects is a critical component to understanding the current
operational situation. Operational awareness applications are sometimes referred to as a shared operating picture,
operational visualization, or executive visualization, and all provide a "window" to the relevant support information for
making intelligent and appropriate decisions. This information becomes clear through planning and analysis of the
appropriate techniques, partially collected from field-based devices or created and stored in the Geo database.
From a technology perspective, this model involves combining data and an analytical layer organized into a map and
published on the web / web for use of applications. This model is often the entry point for using ArcGIS technology for
new adopters (for non-GIS domain owners) but is often the latest model implemented by GIS domain owners.

Constitutive engagement
Information received by citizens, existing potential customers or interest groups may have a dramatic impact on
operational activities, products and services provided. The generated component data can be transformed into valuable
information through planning and analysis techniques and then integrated into the organizational work streams in
support of the appropriate and more responsive operations. This model promotes a constant relationship with clients or
interest groups and the organization will help promote transparency and external and internal accountability [21].
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APPLYING THE GEOGRAPHIC INFORMATION SYSTEM ARCGIS TO THE WATER
COMPANY '' HIDRODRINI '' – PEJA
The Regional Water and Sewerage Company Hidrodrini was established in October 2004 on the basis of a joint
agreement between the Kosovo Trust Agency (KTA) and five municipalities, Peja, Deçan, Istog, Kline and Junik
(Fig.4).

Figure. 4. Extension of the water supply network in the municipality of Peja (Source: K.U.R Hidrodrini-Pejë)
K.U.R "Hidrodrini" Sh. A. is a public professional institution licensed by the Water and Waste Regulatory Office for
providing basic services, drinking water supply and sewage services. The number of the population that the Regional
Company "HIDRODRINI" carried out drinking water services is estimated to be about 185,000 people and sewage
services for 60,000 thousand inhabitants. The current production capacity is 27.000.000,00 m3 / year.
K.U.R "Hidrodrini" Sh. Is reformed institution according to European Union standards, a model-based regionalization
process, and successful international corporate governance practices. The company is and will remain a professional
provider of high quality drinking water supply and sewerage services. Production, sales of water, sewage services and
other services are the main tasks of the company. The center of the company is in Peja, its structure has 4 business units
in Peja, Istog, Klina.
Within the supply or production of potable water at the Hidrodrini Regional Company are the following assets [22]:
Operational Unit Peja - this unit supplies drinking water to the city of Peja and about 30 villages around and water
dissipation. Within this unit are:
 Two main production facilities, black water with two pumping and gravity systems, and the White Drin with
gravity.
 he Peja Operational Unit has a main pumping station and three other small capacity stations for supplying the
Ward of Ashtan Qesme and Black Maya.
 A drinking water storage tank of about 1500m3 and 3000m3.
 185 km water network with pipes of different profiles.
 75 km sewerage network.
 12 km of atmospheric water network and
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 Two chlorination
Operational Unit Istog - In Istog this unit has five sources, the water supply system is a mixed gravity system and a
pumping system. Within this unit are also:
 Eight water storage facilities with a capacity of 700m3, 4x400m3, 800m3, 500m3, 200m3.
 Four pumping stations.
 Five chlorination stations.
 289 km of piped water pipes of dimensions from Dn50 to Dn500 and
 25 km sewerage network.
Operational Unit Deçan - in this operating unit the water supply system is with the gravity system. In addition to the
main system in this unit are the Strellcit, Isniq system and also the irrigation system for five other villages. Part of this
unit is also:
 Five warehouses with a capacity of: 530 m3, 508 m3, 720 m3, 500 m3, and 8120 m3.
 A chlorination station and
 124 km water supply network.
Operational Unit Klina - in Klina there are two systems for drinking water supply. One is that old, three wells, which
is out of function, and the other is the new system that is in operation. According to the new source data are around 300l
/ sec. Parts of this unit are also:
 A chlorination station.
 Four water storage facilities with capacity, 1000 m3, 800 m3, 2X400 m3, 50 m3.
 A 40 km water supply network.
 Two main pumping stations.
 Two drinking water treatment plants.
Junik Operational Unit - the water supply system is a gravity system and is a source with a capacity of 20-25 l / s.
This unit also includes:
 In a water tank with a capacity of 600 m3 and
 Network of 34 km.
As We mentioned above, the company "Hidrodrini" Sh. A. It is a public institution for the provision of water, waste and
sewerage services. Thus, knowing the importance of the work and services that this company offers to a region of 5
municipalities, there was a need to make changes that would have an impact on improving the quality of their work and
increasing security for services which this company offers (Fig.5).
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Figure. 5. Distribution Network - the existing system
Based on many studies and evaluations, Hidrodrini decided to implement the ArcGIS Geographic Information System,
a platform that has proven to be very successful in various parts of the world in the management of water and sanitation
services.
And the implementation of the ArcGIS system by K.U.R "Hidrodrini" aims to improve the following points.
•

Increased data security

•

Simplifying and improving workflow

•

Merging graphic data with alpha-numeric data

•

Merging financial data

•

Supporting the identification of illegal connections

Prior to the implementation of ArcGIS, K.U.R Hidrodrini had major difficulties throughout the workflow. Water leaks
and illegal connections were present all the time and this represented challenges and difficulties for the technical staff of
this company, as evidencing illegal connections and breakdowns was not easy.
In the following figure (Fig.6) we are presenting a map showing the water connections, supply network, main line,
street names, parcels, etc., a map which is created by ArcInfo. First we have said that ArcInfo allows users more
flexibility in all aspects of data building, modeling, analysis and mapping, as well as enhancing the ability in spatial
analysis, geo-processing and data management etc.
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Figure. 6. Local water supply - ArcMap-ArcInfo (Source: K.U.R Hidrodrini)
Following are some concrete examples of the work done by the Department for GIS and Planning within the K.
Hidrodrini HPP in Peja. The following figure shows graphical data (Fig.7) on ArcMap and their alpha numeric data
(Fig.8).

Figure. 7. Graphical data on water connections (Source: K.U.R Hidrodrini)
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Figure. 8. Alpha numerical data for water connections (Source: K.U.R Hidrodrini).
In Fig.9 a view of a zoned water meter and its data that emerge after selection of such water meter.

Figure. 9. Registration of zoned water meters (Source: K.U.R Hidrodrini)
After their registration, the division of the network into zones of zoned water meters has been done (Fig.10). This has
helped the Department of GIS and Planning to find areas that have a high percentage of water losses. Thus, with a touch
of the button, the program will track and select the home water meters supplied by the designated zone water meter.
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Figure. 10. Area Water Meters (Source: K.U.R Hidrodrini)
There is also a built-in feature within the program to support the water supply system to identify illegal connections or
errors while reading water meters (Fig.11). This function compares a billed monthly consumption of a customer with an
estimated calculation. Thus all water meters that do not meet the criteria will be marked on the map.

Figure. 11. Identification of illegal connections (Source: K.U.R Hidrodrini)
Thus, to view the data for the customers and the water meters, it is necessary that the graphical data (Fig.12) be
combined with alpha numerical data (Fig.13) after the customer registration and the field meters. If you select or click a
watermeter on the map, the relevant data on the alpha numeric table (Fig.14) will also be displayed. The data that can be
seen in this case are those of the meter and the costs that are made by the respective customer (Fig.15).
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Figure. 12. Choosing a watermeter from the chart with graphic data (Source: K.U.R Hidrodrini)

Figure. 13. Data on water meters and consumer spending (Source: K.U.R Hidrodrini)
In the graphical map, except that a water meter can be selected, a larger space can be selected (Fig.14). In our case, a
whole neighborhood is selected in order to see the consumption in m3 (Fig.15). So by this selection you can easily find
areas with high water consumption or areas with low payments.
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Figure. 14. Selection of large space / neighborhood (Source: K.U.R Hidrodrini)

Figure. 15. Quarter consumption per m3 (Source: K.U.R Hidrodrini)
Also, through ArcGIS it is possible to make different classifications of customers or other equipment that are part of the
network on the ground. For example, for customers, this classification can be made on the basis of debts or type of users
(households, businesses, etc.). In order to be clearer, we will present some data or records for customers.
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Figure. 16. Households with over 10 residents
In this ortofot with the sign
are more than 10 inhabitants.

(Fig.16) are presented only consumers who use water for household purposes and that

In the following sub-photos the customers are classified according to their debts towards K.U.R Hidrodrini. In the first
orthophoto (Fig.17), the classification of consumers whose debts amount to 200 euros is made. These customers are
presented with the symbol

..

Figure. 17. Consumers with debt up to 200 euros
Whereas the classification of customers who have debts over 5000 is shown in the following figure (Fig.18). These
customers are presented with the symbol .
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Figure. 18. Customers owed over 5000 euro
As can be seen, these classifications are a great help to the responsible persons so they can have a realistic picture of the
debts and know exactly who they are.
After the registration of the pipes of the water supply network were analyzed and evaluated for these pipes. In the
following figure I will show the cases where the pipes are estimated for their remaining lifespan and their sensitivity
(Fig.19).

Figure. 19. Analysis and evaluation of pipes according to: a) life expectancy and b) sensitivity (Source: K.U.R
Hidrodrini)
ArcInfo / ArcScene can also perform other analysis by means of three-dimensional images (Fig.20), as the layers placed
on top of each other also help to analyze the surface of interest. Layers can play different roles through 3D imagery, as
it can be easily transferred from layer to layer and thus obtaining different layer information, analyzes that are in the
company's interest.
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Figure. 20. 3D Layout

703

Proceedings, 7th International Conference on Cartography and GIS, 18-23 June 2018, Sozopol, Bulgaria
ISSN: 1314-0604, Eds: Bandrova T., Konečný M.

CONCLUSION
The concept of GIS is not something new. It has been applied for the first time conceptually when maps on the same
subject are realized in different times and dates and then compared to each other to see and identify changes. So the
history of GIS dates back many or many years ago but in time this concept began to be supplemented and developed
even more. Initially all this came with the advancement of computer technology that enabled the digitization of GIS and
manipulation of information, interpretation and creation of maps through a GIS become much quicker and almost realtime.
As mentioned in this paper, a GIS is a computer system that is designed to work with reference data or based on spatial
/ geographic coordinates. This system is often considered high-end cartography. GIS technology integrates basic data
functions like "query" and statistical analysis with unique visualization and geographic analysis benefits provided by
maps. These features distinguish GIS from other systems and make it available to a wide range of professionals to
explain events, forecast outcomes, and planning strategies.
Nowadays the growth of the population and their needs has brought about the need to create sustainable practices.
Implementing these practices often requires collaboration between different organizations and also the GIS application
manufacturing companies. GIS applications enable different users around the world to exchange ideas on meeting
resource needs and planning for a more efficient use of GIS for various services in the society.
For this reason, today, the Geographic Information System has been applied in almost every industry and has been used
in different ways in different organizations, ranging from land use planning, urbanism, to water management and
sanitation. GIS has been found to contribute significantly to planning and decision-making processes, which is also one
of the main reasons that triggers the implementation and application of a GIS system in each organization.
Due to the development of technology and the vast use of internet across the globe, GIS integration with the Internet is
a rapidly growing and inevitable trend in the future. It is important for the GIS monitoring community to determine the
course of this development. In addition, Internet capability to include a wide audience will have significant impacts on
users and developers of GIS.
By means of these opportunities, organizations that provide services and implement the GIS system as part of it will be
able to increase its efficiency in all aspects within the organization and also increase transparency for its customers and
collaborators. Increasing transparency for interest groups comes from access to different data and information using one
of the platforms above.
Our goal in this paper was to study the implementation of ArcGIS, and we can draw different conclusions. With the
implementation of ArcGIS in RWC Hidrodrini, there have been major positive changes such as increased data security,
simplification and improvement during workflow, merging of graphical data with alpha numeric, merging of financial
data and support in the identification of illegal connections, and we can freely say that the first hypothesis of our work
is fulfilled that the application of the Geographic Geographic Information System has a positive impact on the work of
the water supply system.
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Abstract
In recent decades great efforts and successes have been achieved in digital technology generalization. The main focus
in this process has been the formalization of generalizing digital theory and its practice in reality. Depending on
whether you will generalize data vector or raster, there are different tools for generalization of GIS data using ArcGIS.
This article discusses briefly how the state of new technology and cartographic generalization helps to understand the
needs and plans for the implementation of digital generalization capabilities in Albanian institutions and companies of
GIS and Cartography. The article emphasizes the importance of integrating knowledge and systems of cartographic
generalization.
Keywords: Cartographic Generalization, digital generalization, GIS, generalization tools, expert systems.

INTRODUCTION
The theory of generalization/ mapping generalization is closely related to the general theory of cartography, because it
deals with the processes and stages important for mapping such as: analysis, selection, simplification, harmonization
and clarification, in perfect accordance with the scale, predestination, thematic and geographical features of the territory
under study. In this context, cartographic generalization narrows the vision of the real world, but to the extent that the
content of maps is acquired to maximum by the reader and the user.
Mapping generalization as a process is realized when creating a new map based on an existing map with the largest
scale, aerial photographs and satellite images, measurements or field surveys, work in the office, etc. or when a piece of
content of a new map must be original (basic, additional, auxiliary). During this process a certain number of data is
selected, which is of particular importance and can appear clearly on the new map.
The effectiveness of cartographic generalization during the mapping process impact the generalization of objects in
nature, which is usually accomplished by means of classical methods (survey with menzol, takiometri etc.) and through
modern methods like GPS, etc,; optic generalization which is linked to the allowed ability (AA) / resolution (R) aerial
photographs or satellite images and physiological generalization who has to do with the ability of the human eye to
distinguish objects and phenomena (that appear in the photograph or image ) and have very small dimensions.
Cartographic generalization, can be geometrical, where spatial shapes of buildings and geographical or conceptual
phenomena are generalized where the semantic / content of buildings and geographical phenomena are generalized.
This generalization is conditional on a number of factors, the consideration of which has led in the development of
many mathematical models. But, cartographic generalization to a certain extent is a subjective work, which stands out
particularly in thematic maps.
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Computerization has led to the need for solutions algorithmic processes of mapping generalization. Digital
generalization in fact has to search computerized techniques, to make something that is not implemented consistently or
not treated theoretically before GIS appeared.

CHANGES IN MAPPING GENERALIZATION
Regardless of the type of environmental disclosure - paper or digital - an adaptation of the content of the map depends
on the degree. It is clear that a small-scale map contains less detailed information than a large-scale map of the same
area. Not only scale, but also the theme of mapping but also the density of data represented. The process of reducing
the amount of data and the adjustment of information on the scale and theme set is called mapping generalization [1].
This procedure summarizes and reduces the information from reality, while preserves cartographic specifications and
important features of the mapped area. It is easily seen that this process is very complicated and takes time. Mostly
proliferation of new media (such as multimedia, internet, etc.), the speed of information delivery process has become
increasingly more important. Today, generalization is needed in real time, as the user does not expect more than a few
seconds for the visualization of a personalized map on the Internet [2]. Due to increased volume and density of
information that can be derived from servers of internet, mapping of cartographic generalization is becoming more
important than ever and should be adapted to new requirements in the mapping process [3]. In addition, future
cartographic products should continue to be more service oriented. On one hand users do not have to face a lot of
requests to detail system by default preferences and demand that is generated and should understand what type of maps
users want to have. On the other hand, for experienced users, opportunity to define more precise requirements should
be available (eg scale, layout, content and spatial extent).
Cartographic generalization is one of the most unpleasant problems in cartography. Traditionally this process has
predominantly manual methods conducted individually and subjectively. Computer technology needs precise criteria of
skilled labor, work that used to take place through acts of intuition, evaluation and human reason.
Cartographic generalization is divided into three basic components - selection, generalization and harmonization - then
the choice (reduction of elements) is adapted to almost simple needs/requirements of the computer processing of the
map. These criteria apply to the database used for the processing of the map or set of map makers (author,
publisher/editor) as used in traditional processing technologies mapping in past centuries.
Generalization of line elements (contour lines, communication, boundaries, etc.) has always been the constructor of
mapping issues with qualified experience that followed a set of criteria, smaller buildings, smaller curves etc. The
elements line; Douglas-PEUCKERT algorithm to simplify the lines was published in 1973 and remains a standard of
generalization. But in the case of generalization (new streamlining) surfaces of small, scattered, like islands or lakes,
the criterion of "smaller surface" for computer generalization fails. Scientists with experience of geoinformation are
turning to various mathematical theories, but the results are partial and unconvincing.
Until now the most successful outcome is achieved in applying the theory of particle [5] “Particles” derives from the
term fragmentation of the world and is used in multi-dimensional geometry. Sizing of buildings (D) in Euclidean
geometry is always integer (1D, 2D, 3D), but in accordance with geometry which is relatively new sizing of objects in
nature and can be expressed by decimals e.g. Sizing of the shoreline may be 1:31 D.

DIGITAL GENERALIZATION
Digital generalization, rooted in conventional mapping is a problem in Geographic Information Systems (GIS) and
mapping fields. Although generalized principles and guidelines can be found in literature, mapping and cartographic
organizations, there is still no universal set of rules that clearly define how generalization should be carried out.
Manual generalization depends on the experience and judgment of the operator and therefore produced conflicting
results. Lack of full understanding of the process and lack of technical tools that mimic human analysis, decision and
action, make a generalization automation difficult task. However, the evolution of the generalized development of
digital technology has gone through decades. Strong efforts and achievements in this field summarize below:
•

In the 1960s and 1970s, some searches were done for mature development of simple techniques to reduce data
complicity. Examples of some algorithms which are little mentioned are Douglas PEUCKERT algorithms [5]
and Lang [the simplification of line and algorithms Brophy and Chaiken [6].

•

Estimates of existing algorithms are performed since the early 1980s [7]. Technical complete automated
generalization is continually explored; modeling and rule-based generalization increased the interest in the late
1980s [8];
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•

Significant progress was made in digital generalization worldwide, in 1990. They created a number of
1
international organizations (see below) to coordinate research projects and digital generalization special
meetings. The main focus is the formalization of digital generalization theory and its practice in reality.

MAPPING GENERALIZATION IN GIS
Generalization can be achieved by removing detail, showing only the main borders, country borders, municipalities, etc.
In generalization GIS is also used to smooth lines, removing small details such as knots and bends or rivers, etc.
While the details of a simplified geographical feature during generalization, generalized data are less accurate spatially.
Calculation of lengths, perimeters, areas, etc., of the general geographical features is associated with errors.
Achieving generalized automatization is represented by the knowledge and skills acquired through generalization
manual, rules and logic of a computing environment. ArcGIS features a universal and efficient system tools, which are
grouped into toolboxes and toolsets. The tools are called from a dialog box and through the command line; they may
also be combined with the written language (e.g. Python) or using ModelBuilder (a component of ArcGIS). ArcGIS
contains tools to generalize a system of data network raster and vector.
ArcToolbox- ArcGIS framework of geoprocessing, is set free environment where processes have to execute and
manipulate spatial data. Any geoprocessing tools take a certain flow of data (e.g. a feature class or a selection of
features) together with any parameter control and makes a product (such as a new class feature). Geoprocessing
framework combined with facilities such as cartographic representation / presentation, form the necessary infrastructure
for highly automated productive mapping [9].
Depending on whether one will generalize a vector or raster data, there are various tools for data generalization GIS
using ArcGIS. There is a group tools in Toolbox of ArcGIS that allows generalization of data raster by various
methods. Tools are grouped into three categories: gathering areas of data (Nibble, Shrink, Expand, Region Group, and
Thin), smoothing the joints of data (Boundary Clean and Majority Filter), and reducing the resolution of a raster
(Aggregate). For vector data ArcGIS has a generalization toolset Editing, which uses an algorithm to simplify, Douglas
- PEUCKERT for simplified lines. For additional methods of generalizing, Toolbox provides a range of tools for
simplifying and reducing the resolution vector data for mapping purposes.
Over the past decades, a number of systems have been developed for commercial generalization but has not yet become
a critical evaluation and comparison of such systems. Thus, the application of system expert (SE) is not yet thoroughly
reviewed
Development of system expert represents a major commercial application of Artificial Intelligence (AI) [10]. Also SE
is described as a system software or hardware and software combination, capable of adequate implementation of a
complex problem specific interpreted by an expert but that requires expertise expression to its solution.
SE adjusts a large amount of evaluation and interpretation of knowledge reasoning through element simulation of a
human special knowledge (e.g. performer cartographer or images) and reasoning can be formulated within the
knowledge of the classified parts of a community orientation of facts and rules. In other words, it is a means of
communication between the knowledge of a user experience and software to solve difficult problems/unfavorable. SE
attempts to reduce the cost and time, but increases accuracy, stability and consistency/compliance. SE in various
automatic software such as ArcGIS, have a LaserScan and play an important role in automatic generalization. An
example of the use of systems based on rules in the field of mapping and informatics, is the extraction of

1

In order to stimulate and formalization of digital generalization research activities, organizations and working groups are
established following:
• Working Group on the map generalization under International Cartographic Association (ICA), as part of the advanced technology.
In the Commission the fifteenth International Cartographic Conference (ICC) in Bournemouth, UK, in 1991 was formed. It played an
important role in providing a forum for exchange of ideas, supporting a network of communication between people and institutions in
the generalization of mapping and coordination of activities with other research groups.
• European Science Foundation organized a research program called GISDATA. GISDATA part of the activities is the creation of
different groups that are responsible for the organization of specialized meetings on various issues related to GIS. One of the groups
moving up these deals with the topic of generalization. A symposium was held in Compiegne, France, in December 1993. As a result
of this meeting, published a book as a collection of articles that present and describe the state of generalization digital mapping.
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features/characteristics of the data recorded from afar (Remote Sensing), detection of road networks [11] or
generalization of the map.
In reality, the use of expert system is the execution of the AI field [12]. Since the beginning of 1950, the AI community
has focused on two main areas: cognitive science and search methods. Cognitive modeling is generalizing interest
mapping context.
The study [12], is attempting to combine the expertise of specialist knowledge, mapping tools generalizers, and
mapping software Intergraph MGE TM automation, in order to generalize the urban area topographic maps of scale 1:
10000 in scale 1: 50000. Generaly MGE system uses mapping and a rule-based system implemented Integrated System
Manufacturer C language (C Language Integrated Production System - CLIPS). This system was developed to control
the generalization process by developing a knowledge-based expert system that generates the same results as those
captured with manual procedures. One of the key features of this system is the capture of conflict resolution through
efficiency of buildings. Interpretation expert system enables an intermediate treatment through integration of
applications sweeping operations, generalizing rules and manual intervention.
In earlier publications of the author [13], they were tested in software generalization operators of ESRI's ArcGIS to
generalize GEODATA many ways gaining degrees. Despite the fact that the results of Douglas-PEUCKERT and Bend
simplify ArcGIS TM are satisfactory, it is clear that manual work is required algorithms while sweeping expression of
ArcGIS do not support a dynamic generalization. Generalized to other systems such as dynagen TM, INTEGRAF and
Laser-Scan TM Clarity generalizations such support and enable users to obtain a database of a multi-tiered database
instructive.

CONCLUSIONS
Due to increased volume and density of information that can be derived from online servers mapping, cartographic
generalization is today becoming more important than ever and should be adapted to new requirements in the mapping
process
Although generalized principles and guidelines can be found in literature, mapping and cartographic organizations,
there is still no universal set of rules that clearly define how it should be carried out generalization.
The lack of a full understanding of the process and lack of technical tools that mimic human analysis, decision and
action, make a generalization automation difficult task. However, the evolution of the generalized development of
digital technology has gone through decades.
In today's conditions there is a great importance to the integration of knowledge cartographic generalization systems.
Another step forward should be the development of the guide to make the generalization as efficient as possible.
Guidelines should emphasize the basic and necessary steps for the generalization of small-scale maps in accordance
with presenter environment.
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Abstract
Offering systematic global coverage for free (with observational continuity ensured for decades), the Copernicus
satellites constellations might be a game-changer for many different applications, including cartography at 1:25 000 or
larger scale. The challenge is no longer data availability, but rather the analysis and exploitation of these large
datasets. The Research and User Support for Sentinel Core Products (RUS) Service is funded by the European
Commission (EC) and managed by the European Space Agency (ESA) and aims to mitigate existing technological and
knowledge gaps between the users and such free data, supporting Copernicus data uptake.
Keywords: Sentinel Satellites, Virtual Machine, Cloud Computing, Training

INTRODUCTION
Technology advances pushed the evolution of cartographic production over the centuries. New sensors and platforms
allowed to better measure, map and represent the landscape, passing from ground surveys based on plane tables and
theodolites to aerial surveys with cameras installed on balloons or kytes, to thermal or hyperspectral sensors mounted
on unmanned vehicles. However all these techniques also imply costs: time and manpower to perform the survey, to
acquire and operate the devices needed for the survey or to buy and process the data… Since 2014 a new era has started
as the first Sentinel satellite was launched and begun systematic observations of the Earth, implying no need to plan
surveys or to buy imagery, as the data are provided at no cost to the users. The frequency and type of observation varies
depending on latitude and satellite type (but several acquisitions/month can be obtained by each satellite) and continuity
of observations is ensured for the coming decades.
With a download speed of 15Mbps (average connection speed in Europe), almost 8 years would be needed to download
one month of Copernicus satellites observations (in the order of 450TB/month), not to mention the physical space
needed to store the products (1 Sentinel-1 product might be larger than 1 GB, 1 Sentinel-2 product is in the order of
500MB, 1 Sentinel-3 product might be 600MB) or the computing power needed for processing the data. In addition,
there are “knowledge barriers” preventing the early adoption of such data by the users.
With the purpose to contribute overcoming these problems, the RUS Service (funded by the EC and managed by ESA)
started operations in October 2017. Users are granted with Virtual Machines (VMs), providing processing power and
tools to handle the data. The Service, offered at no cost, is run within a scalable cloud environment allowing to remotely
store and process these datasets. Integral part of the solution is the exploitation and adaptation to the platform of Free
and Open-Source Software (FOSS). In addition, technical and scientific support (e.g. expertise, training sessions,
webinars, etc.) is provided to simplify the exploitation of Copernicus data resources.
The RUS Service is specially addressed to users from Copernicus countries willing to discover and use Copernicus core
products and datasets. Other users willing to access the Service should first liaise with RUS to check their eligibility.
The Service is free. Commercial and operational activities cannot be carried out on the basis of the RUS Service.
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THE SATELLITE OFFER
Copernicus, previously known as GMES (Global Monitoring for Environment and Security), is the European
Programme for the establishment of a European capacity for Earth Observation. ESA is in charge of the development of
a new family of missions called Sentinels specifically for the operational needs of the Copernicus programme. Each
Sentinel mission is based on a constellation of two satellites to fulfil revisit and coverage requirements, providing robust
datasets for Copernicus Services. These missions carry a range of technologies, such as radar and multi-spectral
imaging instruments for land, ocean and atmospheric monitoring.
Table 1 provides launch date, expected end of life and status of the 18 Sentinel missions already operational, approved
or planned, according to the CEOS (Committee on Earth Observation Satellites) EO Database (version January 2018).
Table 1. Sentinel missions ongoing and approved or planned
Satellite

Launch Date

End of life

Status

Sentinel-1 A

03-Apr-14

Jan-21

In operations

Sentinel-1 B

25-Apr-16

Apr-23

In operations

Sentinel-1 C

Feb-21

Jun-28

Approved

Sentinel-1 D

Jul-23

Jun-30

Approved

Sentinel-2 A

22-Jun-15

May-22

In operations

Sentinel-2 B

06-Mar-17

Mar-24

In operations

Sentinel-2 C

Jun-21

May-29

Approved

Sentinel-3 A

16-Feb-16

Jan-23

In operations

Sentinel-3 B

Mar-18

Oct-25

Approved

Sentinel-3 C

Jun-23

Jan-29

Approved

Sentinel-4 A

2022

2030

Planned

Sentinel-4 B

2030

2039

Planned

Sentinel-5 A

2021

2029

Planned

Sentinel-5 B

2022

2030

Planned

Sentinel-5 C

2035

2042

Planned

Sentinel-5 Precursor

13-Oct-17

Oct-24

In operations

Sentinel-6 A

2020

2026

Planned

Sentinel-6 B

2025

2031

Planned

The overview provided in the text below focuses only on missions which are already in operations.

Sentinel-1
Sentinel-1 is a polar-orbiting, all-weather, day-and-night radar imaging mission for land and ocean services. Its revisit
time over the same spot is six days (at the equator) from two-satellite constellation. The satellite acquires data with
different modes and resolution, ranging from 250 km and 5×20 m resolution (Interferometric Wide-Swath mode) to 80
km swath and 5×5 m resolution (Strip map mode). Acquisitions are taken systematically over the globe, following an
acquisition scenario which is defined to make optimum use of the SAR duty cycle within the technical constraints of the
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overall system. Kml files illustrating the planned acquisitions (including mode and polarisation) are regularly published
at: https://sentinel.esa.int/web/sentinel/missions/sentinel-1/observation-scenario/acquisition-segments.
Absolute location accuracy was extensively tested by A Schubert et al. (2017) over Switzerland and Australia test sites
for individual beams and subswaths of Single Look Complex products. When known perturbing effects were taken into
account (the atmospheric path delay, the solid Earth tide, and the tectonic drift of the local GPS), products acquired in
Strip Map mode and in Intererometric Wide Swath mode were shown to have accuracies better than the nominal
product specifications of 2.5 m and 7 m respectively.
More information about Sentinel-1 can be found in R. Torres et al (2012).

Sentinel-2
Sentinel-2 is a polar-orbiting, multispectral (13 spectral bands 443 nm–2190 nm) satellite with a swath width of 290 km
and spatial resolutions of 10 m (4 visible and near-infrared bands), 20 m (6 red-edge/shortwave-infrared bands) and 60
m (3 atmospheric correction bands). It provides systematic coverage of land and coastal areas between 84°N and 84°S.
Its revisit time over the same spot is five days (at the equator) from two-satellite constellation. Its observation plan is
focused on delivering the observation requirements for the Copernicus services; kml files illustrating the planned
acquisitions are regularly published at: https://sentinel.esa.int/web/sentinel/missions/sentinel-2/acquisition-plans .
The absolute geolocation RMS error is 5,32m (x) and 5.36m (y), well below one pixel, as estimated by B. Vajsova and
P J Åstrand (2015) over a test site in southern France.
More information about Sentinel-2 can be found in M. Drusch et al (2012).

Sentinel-3
Sentinel-3 is a multi-instrument mission to measure sea-surface topography, sea and land-surface temperature, ocean
colour and land colour with high-end accuracy and reliability. It carries onboard an Ocean and Land Colour Instrument
(OLCI) covering 21 spectral bands (400–1020 nm) with a swath width of 1270 km and a pixel size of 300m (full
resolution products) or 1200m (reduced resolution products), a Sea and Land Surface Temperature Radiometer
(SLSTR) covering 9 spectral bands (550–12000 nm) and dual-view scan with swath widths of 1420 km (nadir) and 750
km (backwards) with 500m pixel size for the first 6 bands, 1000m for the others, a Synthetic Aperture Radar Altimeter
(300 m after SAR processing) and C-band Microwave Radiometer. The revisit time for the two-satellite constellation at
the equator with optical/IR imaging sensors will be ~1 day for SLSTR, ~2 days for OLCI.
According to the S3 Product Notice – OLCI released in November 2017, the geolocation accuracy for the Level-2 land
product meets the mission requirements (< 0.5 pixel RMS).
More information about Sentinel-3 can be found in C. Donlon et al. (2012).

Sentinel-5P
Sentinel-5 Precursor is the forerunner of Sentinel-5 to provide timely data on a multitude of trace gases and aerosols
affecting air quality and climate. It carries the Tropospheric Monitoring Instrument (Tropomi) developed jointly with
the Netherlands Space Office with a swath width of 2600 km covering bands in ultraviolet and visible (270–495 nm),
near infrared (675–775 nm) and shortwave infrared (2305–2385 nm) at a spatial resolution as high as 7 km x 3.5 km.
The satellite provides daily global coverage (13:30 local solar time).

RUS: COMPLETING THE SATELLITE OFFER WITH PROCESSING POWER AND EXPERTISE
To complete the free data offer also with processing power and the expertise needed to start understanding and
exploiting the data, the RUS Service was set-up. The Service is carried out by an international team, led by C-S France
and involving Serco SpA, Noveltis, Along-Track and C-S Romania and it exploits scalable storage capacity and VMs
with Computing Processing Units (CPUs) to offer the storing and computing power needed by the users. In addition
users of the Service can find on their VMs pre-installed open source programming, processing and viewing tools, and
may access communication and collaboration tools with the Helpdesk. The Virtual Machines provided by RUS work in
a Linux environment, hence all software compatible with such environment, either FOSS either Commercial Off-TheShelf (COTS) owned by the user can be installed.
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Use of Copernicus datasets as the main source of information is a prerequisite to access the RUS Service, but also non
Copernicus data (EO and other data) can be freely used and imported by the users. The Information and
Communications Technology (ICT) for the user is defined following an analysis of the received service request: such
analysis defines the scaling of the work environment in terms of duration, disk space and size (number of Virtual
Machines, number of cores per machine, RAM per core). Considering resource constraints, the RUS Service can be
offered to each user for a limited amount of time and including ICT/Expert/Data resources compatible with declared
uptake objectives and current user demand. Three pre-defined work environments can be typically proposed: 1-4 cores
with disk space up to 1 TB for 3 months, 1-10 cores with disk space up to 10 TB for 6 months or up to 40 cores with
disk space up to 50 TB for 6 months. More information and details on how to open a RUS Service request can be found
at: https://rus-copernicus.eu/portal/

Figure 1. A RUS VM: users find a desktop environment to perform their remote computing
In addition to the processing power and scientific expertise made available by the RUS Service to the users, another key
pillar of the Service are the activities aimed at capacity building. The RUS Virtual Machines can in fact be exploited in
dedicated face to face free training events where, through a simple Internet link, participants can connect to their
assigned VM. In the VM they find data, SW and the processing power needed for the exercise, independently from the
laptop they use to connect. This allows to limit the cost traditionally associated to the setup of clusters of PCs for
training events. Furthermore it ensures that the same operating system, software and processing power are used,
enabling the students to proceed at the same speed during the the hands-on training. This also introduces the participants
to the RUS approach of “bringing the algorithm to the data” and related possible scaling effects. Face to face events are
organized to meet the requirements of small groups of users who receive specific training on EO theory and are then
guided by the trainers step by step in the application of the learned theory in practical case-studies. The assigned VM
remains accessible to the user for several months after the training, so as to allow repeating or completing the exercises
(or performing other processing activities).
Other educational activities carried out within RUS account for large Webinars in English, also offered at no cost,
during which users learn how to perform basic processing steps to exploit Sentinel data for a specific application. The
webinars are closed by Question and Answer sessions, offering participants the possibility to interact with the trainer.
To date, more than 600 participants already benefited from RUS thematic Webinars.
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Figure 2. Worldwide Distribution of RUS Webinar participants
The sessions are recorded and made publically available for re-play on a dedicated youtube channel
(https://www.youtube.com/channel/UCB01WjameYMvL7-XfI8vRIA). Users interested to repeat the exercise can either
use their own HW/SW either ask RUS the access to the VM pre-configured, with all the material needed to perform the
exercise.

Figure 3. Step by step instructions enabling users to repeat the Webinar exercises
Finally, the theory lectures given during the face to face events are recorded and assembled with questions and multiplechoice answers and are made available on a M-learning portal. Scores are assigned for each completed course and
badges are given to the users.
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Figure 4. The RUS Training portal (https://rus-training.eu/) enabling to register to forthcoming free training events, to
explore the materials produced during previous events and to access the free M-learning materials

CONCLUSIONS
Keeping pace with technology advances, EC and ESA launched RUS, a new Service to support users from Copernicus
countries in discovering and exploiting Copernicus core products and datasets. The Service provides at no cost Virtual
Machines loaded with Open Source Software to download and process satellite data, technical/scientific support to
facilitate data exploitation, and training activities to stimulate knowledge uptake.

REFERENCES
CEOS EO Database (updated to 2018) available online at http://database.eohandbook.com/database/missiontable.aspx visited on
16/01/2018
Sentinel-1A/B Combined Product Geolocation Accuracy, A Schubert, N Miranda, D Geudtner, D Small Remote Sensing 2017, 9,
607; doi:10.3390/rs9060607
GMES Sentinel-1 mission R. Torres, P. Snoeij, D. Geudtner, D. Bibby, M. Davidson, E. Attema, P. Potin, B. Rommen, N. Floury,
M. Brown, I. Navas Traver, P. Deghaye, B. Duesmann, B. Rosich, N. Miranda, C. Bruno, M. L'Abbate, R. Croci, A. Pietropaolo, M.
Huchler, F. Rostan Remote sensing of Environment, 2012
New sensors benchmark report on Sentinel-2A, B. Vajsova, P J Åstrand (2015) EUR 27674 EN; doi:10.2788/544302
GMES Sentinel-2 mission M. Drusch, U. Del Bello, S. Carlier, O. Colin, V. Fernandez, F. Gascon, B. Hoersch, C. Isola, P. Laberinti,
P. Martimort, A. Meygret, F. Spoto, O. Sy, F. Marchese, P. Bargellini Remote sensing of Environment, 2012
S3 Product Notice – OLCI available online at: https://sentinel.esa.int/documents/247904/2702575/Sentinel-3-OLCI-Product-NoticeLevel-2-Land visited on 16/01/2018
GMES Sentinel-3 mission C. Donlon, B. Berruti, A. Buongiorno, M.-H. Ferreira, P. Féménias, J. Frericka, P. Goryl, U. Kleina, H.
Laur, C. Mavrocordatos, J. Nieke, H. Rebhan, B. Seitz, J. Stroede, R. Sciarra Remote Sensing of Environment, 2012

716

Proceedings, 7th International Conference on Cartography and GIS, 18-23 June 2018, Sozopol, Bulgaria
ISSN: 1314-0604, Eds: Bandrova T., Konečný M.

BIOGRAPHY
Francesco Palazzo is a geologist with more than 20 years experience in GIS and Earth Observation. He works for Serco
SPA in a support contract to the European Space Agency and he is the RUS Training and Outreach service manager.
Béatrice Bonneval is a marketer with experience in the promotion of Earth Observation services. She is in charge of
Outreach for the RUS Service and works for Serco SPA in a support contract to the European Space Agency.
Miguel Castro-Gomez is a remote sensing specialist with a background in environmental science. He works for Serco
SPA in a support contract to the European Space Agency. He supports the RUS Service in different Earth Observation
applications using Sentinel data.
Tereza Šmejkalová is a remote sensing specialist with a MSc. degree in Geoinformation and Earth Observation and 4
years of experience in research and EO applications. She works for Serco SPA as a part of the RUS Training team in
development and delivery of training activities and Sentinel-1 user support for land applications.

717

Proceedings, 7th International Conference on Cartography and GIS, 18-23 June 2018, Sozopol, Bulgaria
ISSN: 1314-0604, Eds: Bandrova T., Konečný M.

SMALL WATER BODIES IDENTIFICATION
BY MEANS OF REMOTE SENSING
Jitka Komarkova, Pavel Sedlak, Radek Pesek, Ivana Cermakova
Affiliations:
Assoc. Prof. Jitka Komarkova, Ph.D., MSc. Pavel Sedlak, Ph.D., MSc. Radek Pesek, MSc. Ivana
Cermakova;
Faculty of Economics and Administration, University of Pardubice;
Studentska 95, 532 10 Pardubice, the Czech Republic;
Ph.: +420 466036070, fax: +420 466036010, e-mail: jitka.komarkova@upce.cz;
Abstract
Remotely sensed data are frequently used to identify water bodies. In comparison with UAV data, they are limited by
resolution and availability. Paper evaluates suitability of Landsat 8, Sentinel 2 and UAV data in the case of
identification of shorelines of smaller water bodies. For the study, surrounding of Pardubice city (the Czech Republic)
is an area of interest. Three data sources are used: Landsat 8, Sentinel 2 and UAV data. Several algorithms are used
for spectral enhancement and data classification: Iso Cluster, Maximum Likelihood, Class Probability, Principal
Components, and NDWI. Manual classification is used as a reference method. No post-classification method is used to
preserve shapes of small water bodies. Error matrix is used for evaluation of the classification quality. Multi-criteria
evaluation shows that Sentinel 2 data classified by means of Iso Cluster provides the best results. NDWI is very close to
the best results. Next, we demonstrate that UAV can provide data with a higher spatial resolution on demand for
reasonable costs so they are more suitable for small water bodies. Heterogeneity of the data and treetops overlapping
the shoreline led to the manual classification based on the results of Iso Cluster classification.
Keywords: Small water bodies, Landsat 8, Sentinel 2, UAV, Imagery classification

INTRODUCTION
Water is becoming more and more important issue today as far as its sources are more and more exhausted. Urban
growth and insufficient management approaches can lead in urban population being in water stress (McDonald, R.I., et
al., 2014). Agriculture is another example of water importance and necessity. According to Pimentel et al. (2004),
agriculture (both planting and livestock production) consumes about 70 % of fresh water resources. Small water bodies
represent an inevitable part of the hydrosphere. They are important for biodiversity and ecosystems functions and for
their influence on larger water bodies (Biggs et al., 2017). Various definitions of small water bodies exist. Discussion
can be found in (Biggs et al., 2017).
Importance of identification of water bodies and shorelines by remote sensing increases along with increasing water
stress. Remotely sensed data has been used for water quality monitoring for a long time – from the 70ties along with
Landsat existence (Bukata et al., 1974). Landsat data was successfully used for shoreline and water bodies identification
many times, e.g. Bhagat et Sonawane (2011), Jiang et al. (2014), Jones et al. (2017). Verpoorter et al. (2012) proposed
an automated extraction of water bodies by means of combination of various methods for Landsat data processing.
Sentinel data are suitable too, it was used e.g. for a study of the Nile River (Salama et al., 2012), or identification of
urban surface water bodies (Yang et al., 2017). Temporal and spatial resolution of satellite imagery represent their
limitation for identification of small water bodies (Verpoorter et al., 2012).
Various water spectral indices have been proposed to identify water and water bodies, e.g. the Normalized Difference
Water Index (NDWI) was proposed by McFeeters (1996). Automated Water Extraction Index (AWEI) was proposed by
Feyisa et al. (2014) to enhance spectral contrast and reduce an influence of deep shadow caused by the terrain as a
source of classification error. Enhanced Water Index (EWI) based on Landsat data was proposed by Wang et al. (2015).
Both Landsat and Sentinel data can be used to calculate various spectral indices (Yang, 2017; Zhou et al., 2017).
Sentinel 2A MSI imagery was used to identify water bodies on basis of Normalised Difference Water Index (NDWI)
(Yang et al., 2017). Fisher et al (2016) tested 7 indices and Landsat TM, ETM+, and OLI data. They showed that all
three sensors provided similar accuracy with data for eastern Australia. Comparison of Landsat 7 ETM+, Landsat 8
OLI, and Sentinel 2 MSI sensors done by Zhou (2017) revealed that all sensors and included indices provided
reasonable results but Landsat 8 and Sentinel 2, as well as NDWI, provided more accurate results.
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Utilization of satellite data is limited by their time and spatial resolution, very high-resolution images are becoming
more required. UAV can provide very low elevation very high-resolution data with better temporal resolution, on
demand (flexible), of course with respect to limitations given by law regulations and weather conditions (Lejot et al.,
2007; Pásler et al., 2015).
Identification of small water inland bodies are pointed out as a specific issue by several authors (Huda et al., 2010;
Yang et al., 2010; Pásler et al., 2015; Jones, 2017). Aim of the paper is to evaluate suitability of Landsat 8, Sentinel 2
and UAV data in the case of identification of shorelines of smaller water bodies near the city of Pardubice by means of
several classification methods and NDWI.

AREA OF INTEREST
Area located north-west of Pardubice (located in the East Bohemia in the Czech Republic,) is used as an area of interest.
Its approximate size is 12,6 km (north-south direction) to 16 km (east-west direction), i.e. approx. 201,6 km2 (see Fig.
1). The area is flat, lying at about 220 – 230 m.a.s.l. There are no remarkable hills located. Area is partly wooded but it
is mostly used for agriculture purposes. It contains several ponds, mostly as remains of the Vilem of Pernstejn pond
network built in at the turn of the 15 and 16th centuries. Several other ponds were created by sand mining (Lazne
Bohdanec, 2015). Bohdanecsky pond is the largest one, its water area is 900 000 m2. On the opposite, the smallest water
bodies have area about 150 – 200 m2. Some of the small water bodies are of artificial origin. River Elbe is another
important water body located in the area of interest. So, area of interest is heterogeneous, it contains various land
cover/land use types, mostly fields, trees, greenery, urban areas and water bodies.

Figure 1. Area of interest for satellite data (source: authors, data: ESRI)

DATA, SOFTWARE AND METHODS
Landsat 8 OLI sensor, Sentinel 2, and own UAV data are used. Both Landsat and Sentinel data was taken on April 1,
2017. Landsat 8, Sentinel 2, and UAV data are used with WGS 1984 UTM Zone 33N coordinate system. Source of
Landsat and Sentinel data is USGS EarthExplorer (https://earthexplorer.usgs.gov/). DJI Phantom 3 Pro equipped with a
DJI camera was used so only visible wavelengths data were available. Data was taken on April 2. Area of interest for
satellite data is defined by polygon shapefile (see Figure 1), which is used to clip all other data.
Both Landsat and Sentinel data was taken during not cloudy weather. Cloud cover of Landsat was 0,01 %, cloud cover
of Sentinel was 0 % so no atmospheric correction was necessary. Geometric and radiometric corrections are already
done by data providers. All data files and bands are clipped using borders of the area of interest.
Suitable bands are used for analyses. Only 8 bands of Landsat data are used. A new infrared band (No 9) which is used
for cirrus detection is not suitable for this work. Thermal bands 10, and 11 are excluded because of their low spatial
resolution (100 m). Bands 1, 9, and 10 are excluded from Sentinel data. These bands are used for detection of aerosol,
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steam, and cirrus clouds. Next reason for exclusion of the bands is their low spatial resolution (60 m) in comparison
with other bands.
ArcGIS for Desktop 10.5 is used for data processing. The following methods and tools are used to analyse data (see Lu
and Weng, 2007 for methods description):
•

Iso Cluster tool – unsupervised classification based on ISODATA algorithm as implemented in ArcGIS

•

Maximum Likelihood – supervised, parametric per-pixel classification (Bayes)

•

Class Probability – semi-supervised, per-pixel algorithm, based Bayesian statistics, estimates class
probabilities

•

Principal Components – a statistical method suitable for image transformation to reduce correlation between
bands (spectral enhancement)

•

NDWI – Normalized difference water index – as proposed by McFeeters (1996)

No post-classification processing is used in any case because it changes shapes of small water streams and bodies.
Shape of river Elbe is the most visible example of shape change. Its shape was different or the river disappeared at all.
Error matrix is created for each classification to evaluate quality of classification. Classified images are transformed
into polygon vector file by Raster to Polygon tool. Create Random Points tool is used to randomly place 50 points to
each class. Extract Values to Points tool is used to assign values from raster pixels to random points. Frequency tool
calculation is used to calculate number of classified points in each class.
Two water bodies (Soprecsky and Pohranovsky ponds) are classified manually from the data to obtain reference data to
evaluate quality of classification by means of comparison of water bodies’ sizes. Area of Soprecsky pond is 85.6 ha and
of Pohranovsky pond is 45,48 ha based on manual classification.
A short part of shoreline of the pond Skrin was chosen as an area of interest in the case of UAV-based remote sensing.
Its size is 0,02 km2. It covers heterogeneous land cover types, mainly consisting of water surface, trees, bushes, grass,
and seasonally flooded greenery. This area was chosen with respect to accessibility for flying UAV.

RESULTS AND DISCUSSION
Various methods (listed above) are used to process data into two final classes. More classes are used for the
classification in the beginning but later they are integrated into two final output classes: water and all other land cover
types.

Iso Cluster
Classification into 5 and 20 classes is used. The number of classes was chosen on experimental base. All classes are
finally integrated by means of reclassification into 2 classes: water surfaces, and all other surfaces.

Figure 2. Landsat 8 data classification by means of Iso Cluster into 5 (a) and 20 (b) classes,
(source: authors, data: USGS)
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Classification of Landsat image into 20 classes resulted into slightly worse results (see Figure 2). Error matrix
calculation revealed 4 not correctly classified points representing water.
Classification of Sentinel data is one in the same way, into 5 and 20 classes, which are then reclassified (see Figure 3).
Error matrix provided the same result – classification in 20 classes was slightly worse, with 4 correctly classified points
representing water.

Figure 3. Sentinel 2 data classification by means of Iso Cluster into 5 (a) and 20 (b) classes,
(source: authors, data: USGS)

Maximum Likelihood
Four classes are used in the case of maximum likelihood: water, vegetation, urban areas, and bare ground. Training
areas are prepared at first. Next, they are used for classification itself. Results are again reclassified into 2 final classes.

Figure 4. Landsat 8 (a) and Sentinel 2 (b) data classification by means of Maximum Likelihood,
(source: authors, data: USGS)
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River Elbe is not well classified as it can be clearly seen in the Figure 4. Error matrix revealed in both cases 12 wrongly
classified points representing water.

Class Probability
Training areas created for maximum likelihood are used in this method as well. This classification provided very similar
results to the maximum likelihood classification with 12 wrongly classified points representing water in both cases.
River Elbe is not well classified as in previous case – classification by maximum likelihood.

Principal Components
Determining number of principal components is the first step of this method. At first, 10 components for Sentinel and 8
components for Landsat is used to respect number of bands. Results reveal that 3 components explain 98 % of variance.
The 3 main components (bands) are used for the next classification by means of Iso Cluster. Image is classified into 5
classes, which are integrated into 2 final classes by reclassification. Error matrix contained no wrongly classified points
for Landsat data and 1 wrongly classified water point for Sentinel data.

Normalized difference water index
Normalized difference water index (NDWI) and NDWI-based indices are understood as suitable indices for water
bodies identification (Yang, 2017; Zhou et al., 2017). According to Jiang et al. (2014), NDWI may be inefficient at
identifying pixels containing mixture of water bodies and vegetation.

Figure 4. NDWI calculation based on Sentinel 2 data (a) and the most successful classification method – Iso Cluster
classified into 5 classes (b), (source: authors, data: USGS)

UAV’s data
DJI camera allows collection of data only in the visible part of spectrum. Thus, NDWI cannot be calculated. Iso Cluster
was used as the classification method. Data set was classified into 5, 6, 7, and 8 classes to find suitable parameters of
the classification. In all classifications, one class represents no data, all other classes represent different land cover
types. Results of classification into 6 and 8 classes are compared with results of Sentinel data classification by the same
method and with NDWI calculated from Sentinel data (see Figure 5). Blue colours represent water, green colours trees
and greenery in general, and beige colours represents seasonally flooded greenery.
UAV images are very heterogeneous, so classification results were used to support manual identification of the
shoreline. Manual classification was a reasonable solution because of available data (only the visible part of spectrum)
and a small size of the area of interest. Next reason supporting manual shoreline identification is the fact that some parts
of the shoreline are covered with treetops. Manual interpretation allows to follow the direction of the shoreline, which
was examined in terrain.
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Figure 5. UAV data classification by Iso Cluster into: (a) 5 classes, results of Sentinel 2 classified by Iso Cluster into 5
classes are included; and (b) into 8 classes, results of NDWI calculated from Sentinel 2 are included
(source: authors, data: USGS)

Comparison of Used Data and Methods
Landsat and Sentinel data have been frequently used for many purposes, including water bodies identification, e.g.
Bhagat et Sonawane (2011), Jiang et al. (2014), Jones et al. (2017), Salama et al. (2012), Yang et al. (2017). Their time
and spatial resolution and presence of cloud cover can represent a limitation of their utilization (Pásler et al. 2015).
UAV is available on demand, with respect only to legal and weather limitations.
Various criteria are used to compare used classification methods: Wrongly classified points; difference in total area of
two reference ponds; difference of total area of all classified water bodies; complexity of a tool (i.e. number of
necessary steps); and time necessary to calculation. Classification of UAV data is not included because of significant
differences. Table 1 shows comparison of the used methods and data.

723

Proceedings, 7th International Conference on Cartography and GIS, 18-23 June 2018, Sozopol, Bulgaria
ISSN: 1314-0604, Eds: Bandrova T., Konečný M.

Table 1. Comparison of used methods

Classification
tool/Method

Iso Cluster
Iso Cluster
Principal
Components + Iso
Cluster
Principal
Components + Iso
Cluster
Principal
Components + Iso
Cluster
Principal
Components + Iso
Cluster
NDWI
Iso Cluster
Iso Cluster
Maximum Likelihood
Class Probability
Class Probability
Maximum Likelihood
Source: authors

Data

No. of
Classes

Wrongly
Classified
Points

Complexity

Difference in
Total Area of
Two
Reference
Ponds
[ha]

Sentinel
Landsat

5
5

0
0

1
1

0.04
1.00

0
17

7.04
3.98

Sentinel

10 + 5

0

3

13.28

20

84.52

Landsat

3+5

0

3

1.68

20

7.38

Landsat

8+5

0

3

21.46

37

11.88

Sentinel

3+5

1

3

1.37

9

30.44

Sentinel
Sentinel
Landsat
Sentinel
Sentinel
Landsat
Landsat

20
20
4
4
4
4

2
4
4
12
12
12
12

1
1
2
2
2
2

1.17
11.75
1.18
19.86
19.72
21.46

177
219
314
316
331
331

11.83
4.74
4.54
6.64
3.83
2.03

Difference
in Total
Area of
Water
Surfaces
[ha]

Time of
Calculation
[s]

The best obtained result of satellite data processing, i.e Sentinel 2 data classified by Iso Cluster into 5 classes, is
visualised together with 8A band of the Sentinel image to demonstrate the quality of classification (see Figure 6).

Figure 6. Result of Sentinel 2 data by Iso Cluster Classification into 5 classes, 8A band of the Sentinel image is used as
a background (source: authors, data: USGS)
Figure 7 provides visualisation of the best method of satellite data processing for small water bodies identification in the
whole area of interest. Namely, result of the Iso Cluster classification of Sentinel 2 data into 5 classes is shown. Figure
5 provides comparison of the results of the Iso Cluster classification of Sentinel 2 data into 5 classes with NDWI
calculated from the Sentinel data. It can be seen that NDWI provides slightly worse result. UAV data classification and
observation in terrain reveal that there is a mixture of water and vegetation. According to Jiang et al. (2014), NDWI
may be inefficient at identifying this type of land cover.
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Figure 7. NDWI calculation based on Sentinel 2 data.

CONLCUSION
Identification of small water bodies and their shorelines based on remotely sensed data belong to important tasks today.
Landsat and Sentinel data have been frequently used for water bodies identification but they are still partly limited by
spatial and temporal resolution. Higher spatial and temporal resolution can be obtained using UAVs for data collection.
The case study compared Landsat 8, Sentinel 2 and UAV data suitability for identification of smaller water bodies and
their shorelines near the city of Pardubice, the Czech Republic, by means of several classification methods and NDWI.
Sentinel data classified by means of Iso Cluster provided the best results, followed by NDWI based on Sentinel data
too.
A short part of one pound inside the area of interest was sensed by means of UAV in a visible part of the spectrum as
well to obtain more detailed data. The same classification method (Iso Cluster) was used. Manual vectorization of the
shoreline was used as another method. Data sets classified by mean of Iso Cluster into 5 – 8 classes were used to
support manual classification. It resulted into shoreline identification at the high level of resolution. Indented shoreline
and shallow water were probably reasons for slightly worse classification of satellite imagery in the particular case of
comparison with the UAV data. Treetops represent one of the reason why manual interpretation of the shoreline was
chosen. It allowed to follow the direction in the cases when the shoreline was overlapped by treetops. Other methods of
classification will be tested in future, e.g. neural networks or object-oriented classification are methods.
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Abstract
Radar data is of primary importance for Arctic regions study and mapping. Kotelny Island was selected as an area of
interest due to well-defined landscapes diversity and abundance of Sentinel-1 radar data. The study based on multitemporal and multi-polarization images acquired by Sentinel-1A at a period from October 2015 to September 2016. The
ways of modified radar images creation are proposed, which aimed at their adaptation for visual and automated
interpretation. The main factors influencing the backscatter values and its dynamics are revealed based on additional
data sources. The main result of the research is a map of natural landscapes of Kotelny Island at a scale 1:750 000.
Spatial and temporal variations of backscattering coefficient allowed semi-automatic delineating the boundaries of
landscapes which are characterized by different combination of the relief, vegetation and soils. Table legend of the map
contains information both on landscapes features and respective annual backscatter behavior.
Keywords: Satellite radar images, Sentinel-1, Time series, Backscatter dynamics, Seasonal changes, Kotelny Island,
Permafrost, Thematic mapping, Natural landscapes

INTRODUCTION
Satellite synthetic aperture radar (SAR) remote sensing and SAR data processing are actively developing during the last
several decades. Both the amount of satellites and acquired data volumes have rapidly grown in recent years. Several
decades of engineering and practical use of SAR systems revealed the benefits of acquired data for different fields of
earth sciences: geology, hydrology, oceanology, agriculture, forestry, natural disaster monitoring, etc. [Ouchi, 2013].
One of the earliest application of radar images was mapping of tropical rainforests which are especially often covered
by clouds; later this data source was used for forest biomass estimation and mapping. Currently SAR data is often used
for operational sea ice, water pollution and flood maps creation. Digital elevation models and displacement maps
creation based on radar interferometry methods was also actively developed recently.
Such property of satellite radar remote sensing as possibility of all-weather, day-and-night observation of the Earth
surface is very important for investigation and mapping of polar regions with long polar night during several winter
months, while a persistent cloud cover is typical for a short summer, that restricts the use of optical remote sensing data.
The appearance of free-access actual (since 2014) SAR data from Sentinel-1 with the high temporal frequency [Sentinel
Online…] together with a processing software open new opportunities for geographical research. During the first years
of Sentinel-1 imaging system operation a large amount of SAR data was acquired. Time series of Sentinel-1 images
have already been used for investigation and monitoring of agricultural [Myshlyakov, 2016] and forest vegetation
[Rodionova, 2016], for surface displacements revealing [Crosetto et al., 2016].
The paper concerns the ways of multi-polarization and multi-temporal Sentinel-1 radar data use for mapping of Arctic
natural landscapes.
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STUDY AREA
Our study is focused on Kotelny Island, the New Siberian Islands archipelago (Fig. 1). It consists of three parts –
Kotelny Island, Bunge Land and Faddeevsky Island – which characterized by different evolution and surface properties.

Figure 1. Kotelny Island (Sentinel-1A scene location is shown by thick frame)
The western part of Kotelny Island is the largest one with an area of 11,7 thousand km2. It is rocky and rather elevated
in comparison with two other parts. The lower hypsometric level of this island is a coastal plain with average heights of
20-40 m, about half of the area is occupied by plateau with the average height of 80-120 m, and some areas at the south
are hilly, rising up to 200-360 m. Bunge Land is a vast empty and almost barren intermediate zone with an area of 6,200
km2. Most part of it is a flat sandy desert with heights of 5-8 m above sea level. In its center there is EvsekyuBulgunnyakh hill with an elevation of more than 10 m, composed of strong pre-Quaternary rocks with signs of erosion,
and in the southeast, there is the upland of the Bunge Land that rises to an elevation of 11 to 21 m above sea level,
where the thermokarst dismemberment can be observed. Faddeevsky Island is an eastern part of the island with an area
of 5,300 km2. It represents a dismembered lowland plain with average heights of 20-30 m, up to 65 m in the very north.
Faddeevsky is covered with tundra vegetation and abounds in depressions and lakes of different size. The whole island
lies within the zone of continuous permafrost, so its surface is complicated by various forms of cryogenic microrelief.
This region is characterized by a harsh Arctic climate with low air temperatures and low level of precipitation (130-140
mm a year) with its uneven distribution during the year (maximal amount is in July and August). Temperatures reach
above freezing values briefly in the short summer months. Snow cover lasts at least 9 months, snowfalls occur
sometimes even in summer.
Well-developed river network and abundance of lakes are peculiar to Kotelny and Faddeevsky Islands. Flat depressions
within lowlands are boggy. Bunge Land is devoid of constant streams, but the meltwater and storm surges form wide
and shallow valleys there in summer.
The vegetation cover of the island is uneven and rather scarce, it is represented mainly by prostrate shrubs, grasses,
mosses and lichens whose height does not exceed 10-15 cm. The growing season lasts no more than two months. The
density of vegetation is largely depending on snow cover, i.e. vegetation is absent or extremely rarefied at plots devoid
of snow in the cold period of the year. And the most abundant vegetation can be found in river valleys and alasses
protected from winds [The New Siberian…, 1963; The New Siberian…, 1967; Soviet Arctic…, 1970; The materials of
a complex…, 2015].
Relatively large for high latitudes landscapes diversity of Kotelny Island allows to estimate the potential of radar images
for mapping of northern polar territories in general.

DATA AND METHODS
SAR data
The European Space Agency provides free access to Sentinel-1 data via Copernicus Open Access Hub [Open
Access…]. The SAR dataset for this work included 19 amplitude images acquired by Sentinel-1A/C-band SAR between
7 October 2015 and 19 September 2016 at ~21:37 UTC (~07:37 local time of the next day). All data were obtained from
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repeat-pass orbits with identical geometric parameters (incidence angle, imaging direction etc.) to exclude the influence
of factors not related to the terrain changes while comparing the time series of images. The time interval between
acquisitions was 12 days, with several exceptions. The selected Extra-Wide (EW) Swath mode provided simultaneous
coverage of the whole island (Fig. 1), the scene size was approximately 400x400 km. The Level-1 Ground Range
Detected (GRD) products with medium resolution in use have a range and azimuth pixel spacing of 40 m. The chosen
orbit was in descending pass and the radar was right-looking. The acquisition incidence angles were between 19,2° and
45,5° for the whole scene and between 28,6° and 42,9° for the area of interest. The polarization channels were HH and
HV for all images in use.

SAR data pre-processing for visual and automated interpretation
Interpretation of original SAR images (both visual and automated) is a complicated task due to several reasons (the
presence of speckle noise, radiometric and geometric distortions related to side-looking geometry, etc.). This fact
necessitates the preliminary radar data processing aimed at creation of modified images with improved properties,
suitable for both visual interpretation and for further computer processing including automatic classification. The
processing steps may vary depending on the type of original radar data (Fig. 2).

Figure 2. The flowchart of modified Sentinel-1 radar images creation
The resulting modified images are suitable for interpretation and thematic processing. Images designed for visual
interpretation can be represented as color composites of only three channels (multi-polarization or multi-temporal) and
they are expressed as brightness units. Images for automated interpretation should be expressed as the values of
normalized radar cross-section (NRCS, also called backscattering coefficient); they can contain more than three
channels of multi-polarization or multi-temporal images.

Additional data
To reveal the factors, influencing the SAR images we used a set of additional data sources: meteorological data, satellite
optical images, topographic and thematic maps.
Meteorological data from rp5.ru website was used for interpretation of backscatter intensity seasonal dynamics and
revealing of influence of some individual events (for instance rain). Weather information (air temperatures,
precipitation) at 07:00 local time (21:00 UTC) was available from “Ostrov Kotelny” and “Proliv Sannikova”
meteorological stations which are located on the north-west and south-west coasts of Kotelny Island Respectively.
Topographic and thematic (geological, quaternary sediments, geomorphological, geobotanical) maps and schemas as
well as Landsat-8/OLI images covering the warm period (June-September) of 2016 was used for information on the
surface peculiarities. Satellite optical imagery was also used for retrieval the Normalized Difference Vegetation Index
(NDVI = (Near Infrared − Red) / (Near Infrared + Red)) which characterizes the abundance of vegetation. It is worth
noting that the most detailed maps of Kotelny Island are topographic and geological maps at scale 1:200 000, created at
1980s. The most of thematic maps that were created at different years from 1960s to 2000s, contain too generalized
characteristics of the territory at scales about 1:2 500 000.
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RESULTS AND DISCUSSIONS
Backscatter analysis for regions of interest
At first, we compared time series of backscatter for the different regions of interest, located within the typical
landscapes of the island [Troshko, Baldina, 2018]. Integration of radiometrically calibrated multi-temporal radar images
and the co-registered spatial data (optical images, maps and schemas) with the weather information allowed revealing
the following main factors influencing the backscatter values and its dynamics:
•

for the most part of the test sites, the winter backscatter values are lower than summer ones. This can be
explained mainly by the changes of the surface dielectric properties related to active layer freezing (low
dielectric constant values) and thawing (increased values);

•

surface topography significantly influences to the backscattered signal. Usually, the sites with high degree of
erosional dismemberment have higher NRCS values than flat areas. The abundance of microforms of
cryogenic relief (such as baidzherakhs) also leads to backscatter intensity increase;

•

for areas almost devoid of vegetation the type of loose deposits plays an important role in the formation of
backscattered signal. Flat and dry sandy surfaces have low backscatter intensity due to the low dielectric
constant values. The presence of coarse clastic material leads to increase of surface roughness and, as a result,
rise of backscatter intensity;

•

the sites with tundra or wetland vegetation commonly have higher NRCS values than areas with arctic desert
vegetation or devoid of vegetation;

•

despite the presence of rather abundant vegetation, which is identified by higher NDVI values (up to 0.4-0.5 in
summer) the boggy areas are characterized by lower NRCS values than other sites with similar vegetation
index values. This fact can be explained both by the specular reflection of microwaves from the surface of
standing water spots and by the fact that short vegetation does not prevent the propagation of microwaves to
the smooth water surface;

•

lakes are characterized by highly variable NRCS values in summer depending on the state of water surface.
Calm water surface gives low backscatter intensity due to the specular reflection of microwaves while wavy
surface gives higher backscattering coefficient values owing to increased roughness. NRCS temporal
signatures of lakes in winter depend on their depth [Antonova et al., 2016]. Parts of lakes not freezing to the
ground (i.e. covered with floating ice) are characterized by high NRCS values due to strong dielectric contrast
between ice and water and strong signal scattering from the “ice-water” boundary. Lakes frozen to the ground
give low NRCS values owing to the low dielectric contrast of ice and frozen ground and, as a result, weak
scattering of the microwaves;

•

the consequences of individual events, such as rainfalls and storm surges were also detected based on
backscattering coefficient signatures. The increase of backscatter intensity due to surface wetting was more
obvious in case of sand deposits;

•

the presence of wet snow on the ground or lake ice leads to significant decrease of backscatter due to
absorption of microwaves [Woodhouse, 2005].

It should be noted that NRCS temporal signatures have similar character in both polarization channels with lower values
in HV-polarization (the difference achieves 7-12 dB depending on the surface type). Moreover, in some cases HVpolarization appeared to be insensitive to NRCS temporal variations, especially in areas with low backscatter intensity,
such as sandy desert.

Visual analysis of multi-polarization color composites
Modified multi-polarization radar images, obtained at different seasons and comprised as RGB composites can be
extremely useful for revealing the terrain typical properties. Figures 3 and 4 show the SAR images which characterize
the typical summer (Fig. 3 – August 2, 2016), winter (Fig. 4a – February 4, 2016) and early spring (Fig. 4b – June 6,
2016) conditions of the territory on study. The images of all the periods clearly show the differences in the three parts of
the island, that is the Kotelny and Faddeevsky Islands, which are more diverse in relief and vegetation cover, have a
relatively high brightness and are displayed by a wide variety of colors, while the monotonous sandy desert of Bunge
Land, practically devoid of vegetation, has a low brightness and is depicted mainly in black and dark blue colors.
The summer image (Fig. 3) is characterized by the most variability of colors that are correspond with the island
features. For the western part - Kotelny Island - the most diverse relief is typical. The inner portion of this part is
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represented by an elevated plateau (number 1 at Figure 3). The plateau has a sharp edge in the northeast, that is clearly
visible in the form of a bright yellow strip (2). The increase of brightness here is explained by the scattering of the most
radio signal by slopes facing the radar. Due to the same peculiarity of radar imaging, some sites of the plateau with
strong erosional dismemberment (3) and some slopes of the table-top mountains (4) located in the southern part of the
island can be discerned by high brightness. The eastern part of Kotelny Island is a lowland with numerous river valleys
that are clearly visible by dark tones (5) (the darkness can be explained by the decrease of the backscattering that takes
place probably due to the waterlogging and flatness of these areas) and thermokarst basins (both with standing water
and drained), which are usually round (6). Bunge Land is a flat sandy surface without any vegetation, it has a black
color (7) due to the equally weak backscattered signal in both polarizations and thus low brightness in the blue channel.
Narrow sandy spits (8) are clearly visible by the same dark tone against a fairly bright background of the sea and sea
ice. Pebble spits (9), which complicate the western shore of Kotelny Island, have high brightness due to greater
roughness. Areas with a lot of eolian hills (10), the Evsekyu-Bulgunnyakh Hill (11), and rugged thermoabrasive shores
(12) are clearly distinguished against a dark background of the sandy desert, since surfaces with a higher degree of
dismemberment have a higher backscattering. The blue color of these areas at the composite image is explained by their
increased brightness at the ratio (HH/HV) channel, due to enhancing of HH component contribution. Wide “valleys”
occurred after storm surge (13) are also colored in blue that is related to the backscatter intensity increase due to surface
wetting, especially in HH-polarization. Faddeevsky Island is a plain with a large number of river valleys (5) and
thermokarst basins (6), in the southeast part of which there is a site with a very high degree of erosion (14) causing the
high brightness of the image. It should be noted that the vegetation cover makes a certain contribution to the
backscattering of the signal and, correspondingly, to the total brightness of the image. Tundra and wetland vegetation
covers most parts of Kotelny and Faddeevsky Islands, and some sites of the Bunge Land (area to the east of EvsekyuBulgunnyakh Hill and area of Bunge Land Hill).

Figure 3. The summer (02.08.2016) color composite created from multi-polarization Sentinel-1A images (color
synthesis: R – HH, G – HV, B – HH/HV) (the numbers are explained in the text)
The most distinctive objects at the winter image (Fig. 4a) are the plateau in the central part and low mountains in the
southern part of Kotelny island (yellow), whereas their boundaries are hardly visible at the summer image. Other bright
spots (yellow and green) correspond to the parts of lakes not frozen to the ground at the moment of a radar image
acquisition. Shallow lakes or parts of lakes frozen to the ground have low brightness in winter image. At the early
spring image (Fig. 4b), plateau and low mountains within the Kotelny Island, river valleys and thermokarst depressions
are distinguished as intensive blue areas, due to wet snow, which absorbs microwaves that leads to decrease of image
brightness [Woodhouse, 2005].
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Figure 4. Winter and early spring color composites from multi-polarization Sentinel-1A images (color synthesis: R –
HH, G – HV, B – HH/HV): a – 04.02.2016; b – 03.06.2016
It should be noted that each multi-polarization RGB-composite contains some noise as bright stripes. These regular
stripes which are perpendicular to spacecraft flight direction (blue arrows at Fig. 5) and to imaging direction (red arrows
at Fig. 5) are inherent to cross-polarization (HV) images and can be explained by TOPSAR imaging technique
peculiarities. These radiometric distortions are more typical for surfaces with low backscatter intensity level (sea
surface, sand flatlands). The presence of these noises limits the application of cross-polarization images for automated
classification purposes.

Figure 5. Radiometric distortions (shown by the arrows) at the Sentinel-1A HV-polarization image

Automated classification of SAR images
Automated extraction of objects with the similar backscatter intensity values was carried out using unsupervised
classification (clustering) of a dataset consisting of 19 co-registered multi-temporal co-polarization (HH) images. In this
case the extracted classes have similar character of NRCS temporal dynamics. For example, Figure 6a illustrates the
result of clustering of modified multi-temporal SAR image by 5 classes. Figure 6b shows temporal NRCS signatures of
each class. The classes interpretation was implemented using previously revealed regularities of microwaves interaction
with different types of terrain and surface features:
•

class1 (red) has the lowest (< -20 dB) average backscatter intensity values during the whole year with higher
values in winter. This class corresponds to the relatively smooth surface of sandy desert almost devoid of
vegetation occupying the largest part of Bunge Land. Low NRCS values of this class can be explained both by
low roughness of the surface and low dielectric constant of sand deposits. Decrease of NRCS values in
summer is probably related to the drying of sand (dry sand deposits are characterized by very low dielectric
constant values, so the microwaves can penetrate through the sand until they meet an object with other
dielectric properties [Woodhouse, 2005]);

•

class 2 (green) is characterized by rather low (-17…-21 dB) NRCS values during the year, but higher ones than
sandy desert has. This class can be observed only at Bunge Land. It unites different types of surfaces, namely
areas with the erosional dismemberment within the Evsekyu-Bulgunnyakh Hill and the coastal zone, which is
subject to periodic flooding by storm surges phenomena during the warm period. The values of NRCS for this
class are higher than for class 1, since these areas are characterized on the one hand by
more pronounced degree of surface roughness due to erosional dismemberment, and on the other hand with the
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moistening due to periodic flooding. These areas are almost devoid of vegetation that explains the lower values
of backscatter intensity in comparison with classes 3 and 4 where the vegetation cover creates the higher level
of backscattering;
•

class 3 (blue) has average backscatter intensity values varying from -15 dB in winter to -11…-13 dB in
summer. It includes such objects as river valleys and thermokarst depressions with wetland vegetation. Lower
NRCS values during the cold period can be explained by the low dielectric constant values of frozen ground,
while the thawed ground at warm period has a relatively high dielectric constant. It can be noted that the graph
of the class 3 is like to that of class 4, but it places below especially at the warm period. Not very high NRCS
can be explained by the flatness and waterlogging of these areas;

•

class 4 (yellow) is characterized by the moderate NRCS values (about -15 dB) in winter and high ones (more
than -10 dB) in summer. It corresponds mainly to the ice complex lowlands of Kotelny and Faddeevsky
Islands. As in the case of class 3, seasonal differences of NRCS values are explained predominantly by the
changes of surface dielectric properties related to active layer freezing and thawing. Nevertheless, this class is
characterized by higher backscatter intensity values in comparison with class 3, due to a higher degree of
erosional dismemberment (i.e. roughness) and the presence of tundra vegetation;

•

class 5 (cyan) have the highest NRCS values in winter and one of the highest – in summer. This class
corresponds mainly to the area represented by the plateau-like uplands. High average backscatter intensity
values can be associated both with the large number of slopes inclined towards the radar and with high surface
roughness due to the presence of coarse clastic material. NRCS values sharp decrease at 3rd June 2016 is
related to the event of wet snow on the plateau surface which leads to the microwaves absorption.

Figure 6. Unsupervised classification of multi-temporal Sentinel-1A image made up from 19 HH-polarization images
(07.10.2015–19.09.2016): а – the result of classification by 5 classes, b – temporal signatures of clusters; pale blue
background corresponds to the period with stable negative air temperatures, pale pink – with mainly positive
temperatures
Consequent increase of the number of classes allows extracting the natural landscapes of lower hierarchical level. Some
areas clearly distinguished during visual images interpretation can be retrieved only applying classification with large
number of classes. For instance, the south-eastern part of Faddeevsky Island with high degree of erosional
dismemberment and abundance of baidzherakhs appears in the clustering result only when more than 20 classes are
selected. At the same time the other classes appear to be too fractional that complicates the use of these classification
results for the whole studied territory.

Kotelny Island map creation based on SAR images
Automated classification of SAR images allows revealing so called «radiogeosystems» [Nekos, 1986] – the areas with
similar values of radar backscattering coefficient (in case of multi-temporal image – with similar character of its
temporal variability). However, the understanding of these radiogeosystems is complicated for geographers not usually
familiar with the peculiarities of microwaves interaction with the surface. That’s why we implemented the matching of
radiogeosystems with natural landscapes with the unique combination of the relief, vegetation cover and the other
components of the environment.
The boundaries of natural landscapes firstly were defined basing on automatic multi-temporal image processing by
clustering, and afterward the lines were manually corrected basing on image visual interpretation. An extensive set of
spatially coordinated additional sources played an important role in interpreting the outlined polygons. The need for
additional sources is caused by the dependency of the backscattering at different parts of the island from a wide range of
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terrain characteristics (namely, the relief, a density of the vegetation cover, the surface wetness, etc.). So, it is
insufficient to associate the polygons, revealed from the differences in backscatter intensity, with just the reference to
known patterns of radio waves interaction with roughness and dielectric properties differences. Additional cartographic
data sources (which are topographic and geological maps of 1:200 000 scale, geomorphological and geobotanic
schemes by different authors of 1:2 500 000 scale and some other) allowed to establish the correspondence of the areas
which were defined by the multi-temporal radar image processing, to the terrain objects, represented at the already
existing maps. Landsat-8/OLI optical images helped to evaluate the contribution to backscatter intensity at some areas
of such terrain characteristics as an abundance of vegetation, the type and degree of surface erosional dismemberment,
etc. The resulting map at a scale 1:750 000 (Fig. 7 and 8) represents natural landscapes of Kotelny Island. The lands
boundaries were outlined from multi-temporal radar image, and the thematic content of polygons is based on
information from existing maps and books. The landscapes differ in the patterns of seasonal NRCS variability, which is
caused by a unique combination of relief, vegetation cover and soils. Due to the availability of multi-temporal radar
data with medium spatial resolution, the final map is characterized by much greater detail and a larger scale in
comparison with the used thematic sources.

CONCLUSION
Sentinel-1 satellite radar imaging is a valuable data source for mapping of remote and hard-reaching Arctic regions due
to the possibility of data acquisition independently on cloud cover and solar illumination with high frequency. As a
result of experiments, general approach of Sentinel-1 images application for mapping of geographical landscapes of
these territories was elaborated. At first, original SAR data requires creation of modified multi-polarization and multitemporal images adapted for visual and automated interpretation. An automatic SAR images interpretation is more
effective on using the multi-seasonal image in HH polarization, however the classification results usually require
editing, based on images visual analysis. The complexity of SAR images interpretation requires utilization of variable
additional data sources – meteorological data, maps and satellite optical images. The medium scale (1:750 000) map of
natural landscapes of Kotelny island, which characterizes the peculiarities of the relief, lakes, vegetation cover and soils
was created based on the elaborated approach.
The recent appearance of Sentinel-1 data with a higher spatial resolution (20 m) and the placement of high-resolution
(1-2 m) summer images of the Arctic regions on the Google Earth opens up new opportunities for correlating radar
images with objects of this remote terrain, more detailed mapping and deep understanding of its properties.
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Figure 7. The map of natural landscapes of Kotelny Island (see legend in the Fig. 8)
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Figure 8. The legend of Kotelny Island map
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A FAST-CONSTRUCTION-METHOD FOR DIGITAL BUILDING
MODEL BASED ON GAOFEN HIGH-RESOLUTION SATELLITE
PHOTOGRAMMETRY
He Huagui, Zhang Pengcheng, Guo Liang, Hu Yaofeng, Yang Weijun, Zhang
Shanshan, Su Zhitong
Guangzhou Urban Planning & Design Survey Research Institute Guangzhou 510060, China
Abstract
This paper aim to present a new approach for Digital Building Model （DBM） construction with the use of GaoFen
IV high resolution satellite images and LiDAR data. Our method combines smart data management and data
visualization techniques to improve storage and display efficiency of high volume point-cloud data. It then develops a
fast-construction-method based on the fusion of intensive matching of DSM/DEM and Constructive Solid Geometry
(CSG) library, in which a normal vector region growing algorithm based point cloud clustering method is used to
construct different levels of Bezier surfaces, and to extract building roof footprints. It recognizes the special features of
point cloud segmentation and Bezier surface crossing, and apply these features to develop parameter-based model
building technique for complicated models, where split-and-merge algorithm is used for transforming building roof
footprints into 3D building structural models. In addition, our method utilizes advanced remote sensing and virtual
reality technologies to create customized 3D environments, enabling users to freely construct 3D models directly on
satellite images, and to automatically generate surface textures. Our method shows significant improvement on model
accuracy and construction efficiency compare to traditional techniques.
Keywords: high-resolution satellite photogrammetry; Digital Building Model; point cloud; 3D model construction

INTRODUCTION
At present, the three-dimensional reconstruction methods of buildings at home and abroad mainly include two methods
of three-dimensional reconstruction of semi-automated and automated buildings. Domestic and foreign experts and
scholars have done a lot of work in a semi-automated manner because semi-automated methods often require manual
intervention and the accuracy of the results obtained is high. The automated method is more efficient and does not
require manual intervention during the entire process. The lack of accuracy is poor. Regardless of whether the
reconstruction of the building model is semi-automated or automated, the three-dimensional reconstruction technology
can be divided into two types based on model driving and data-driven building three-dimensional reconstruction
technology according to the driving force.
The basic idea of the model-driven approach is to construct buildings by using Constructive Solid Geometry (CSG), and
to match the models that have been established with a variety of stereoscopic image elements, and to complete building
reconstruction through a combination of methods. The model-driven building extraction and three-dimensional
reconstruction techniques are methods proposed by Maas and Vosselman that are only suitable for the reconstruction of
standard herringbone-type buildings. The basic idea is to obtain the relevant parameters of the building model by
analyzing the point cloud data, obtaining the constant moment, and using this parameter as the basis for realizing the
three-dimensional reconstruction of the building. The three-dimensional reconstruction results depend on the
distribution of points. It is impossible to achieve a three-dimensional reconstruction of a complex structure.
Rottensteiner integrates building parameter estimation and photogrammetry techniques to achieve 3D reconstruction of
the building. The basic idea is that a building is composed of a series of simple structures. Therefore, the threedimensional reconstruction process can be divided into blocks by dividing the building. Finally, Boolean operations or
combined operations are used to combine the structures of the blocks to achieve a building. Three-dimensional
reconstruction.
Using multivariate data fusion methods, we can give full play to the advantages of each data source. You Hongjian et al.
combined high resolution aerial CCD images and airborne sparse laser scanning ranging data in the three-dimensional
information research of automatic extraction of urban buildings. According to the aviation CCD image, the geometry
and distribution features of the building are clearly expressed. Therefore, an adaptive Canny edge detection algorithm is
used to extract all the edge information on the CCD image. Then the bi-directional projection histogram and the line
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segment matching method are used to implement the automatic and accurate extraction of the plane outline information
of the building. Finally, the height information of the building was extracted from the airborne laser scanning distance
measurement data, and the contour information extracted by the CCD was used to realize the three-dimensional
information extraction of each building (You Hongjian, 2006). (Wenhan Xie et al., 2008) proposed a DBM-based realshot image generation method using a constructive solid geometry-based extraction DBM to extract building edge
vector data from Lidar data. After feature grouping, generate the upper building outline.

TECHNOLOGY ROADMAP AND IMPLEMENTATION SCHEME
The rapid building technology of the building/structure simple model (DBM) with high satellite number 7 satellite data
mainly includes three aspects: rapid construction based on simple model with dense matching DSM/DEM, and DBM
model based on CSG body library fusion. Establishing, interactive, parametric modeling methods for integrated
visualization and complex models of multi-source data.

Rapid construction of simple models based on densely matched DSM/DEM
Using densely matched DEM and DSM data, the extracted building LIDAR point cloud data can be divided into
building roof point clouds and ground point cloud, and on this basis, a simple building white model can be
reconstructed.
In the three-dimensional modeling scene, the top contour of the building on the LIDAR data is modified to generate a
closed building top contour and then converted into a building top datum plane.

Figure 1. Schematic diagram of building boxed model building

Integrated visualization of multi-source data and interactive parametric modeling methods for
complex models
Based on the interactive modeling of image stereo pairs, the goal is to extract three-dimensional models from existing
image sequences and camera parameters. Using the multi-perspective nature of GF-7 high-resolution images can
effectively improve the accuracy of the model and complete the complex Building model reconstruction. Among them,
the interactive modeling techniques mainly include solving spatial points and spatial planes.
The three-dimensional model is composed of a series of three-dimensional points. How to reconstruct the spatial threedimensional points through two-dimensional images is very important. According to the remote sensing image
parameters, using the remote sensing image imaging model and using the redundant observations of multi-view remote
sensing images, the spatial point three-dimensional coordinates of image pixels in the field can be solved. The spatial
plane can be determined by three spatial points that are not collinear. The interactive user manually specifies the
matching points on the two images. According to the remote sensing image imaging model, the spatial point can be
solved to construct the spatial plane. When switching to other images, the surface is found. When there is an offset, you
can drag the plane point to adjust it in real time. The Boolean operation between surfaces can form a three-dimensional
space and complete the reconstruction of a three-dimensional model of a building.
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Specifically, first, two overlapping satellite remote sensing images of the same modeling area are selected to form a
stereo pair and the images are displayed in the form of dual screen mapping.

Figure 2. Stereo image pair
The purpose of measuring the feature points is to determine the reference height of the modeling model. In the
geometric modeling, the geometry of the buildings at different heights needs to obtain the feature points where the
geometric structure is located. By manually obtaining the pixels of the same feature point on the two images of the
stereo pair, the three-dimensional coordinates of the feature point can be obtained by the method of forward
intersection.

Figure 3. Feature point measurement
Then select a top view containing the building so that there is a global view of the building and use polygon drawing
tools to draw the outline of the selected building.

Figure 4. Drawing building outline
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Finally, select a side view of a building to observe the top and bottom images of the building. Push and pull the tool to
push the outlined outline according to the image to the bottom of the building to obtain the column profile of the
building.

Figure 5. Figure Building Creation
According to the principle of maximum coverage and the principle of orthogonality, the most suitable image is
automatically selected for each patch of the model, cut into textures, and attached to the patches. If there is an artifact in
the resulting automatic texture map texture, it can be manually modified.

Figure 6. Figure Automatic Mapping of Textures
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Modeling Quality Control and Inspection
The coordinates of the corner points of the model are related to the triangulation network. From the local perspective,
when the model selects points and hooks, the corner point coordinates are taken from the triangulation model; the
coordinates of the model ground point are taken from the ground triangulation network. As a whole, the model surface
is fitted to the triangulation network to further reduce the geometric error of the model.
Specifically, it can be realized by multi-angle simulation and fitting of images and LIDAR data. By selecting the loaded
image and LIDAR data, three-dimensional scenes can be created from multiple angles, and modeling work based on
images such as observation, sketching, adjustment, and detail construction can be performed. In addition, the alignment
of model and image and LIDAR data can also be compared.
Provides feature point checking tools, and collects several representative horizontal and prominent points in the point
cloud or triangulation model, and calculates the vector difference between the point coordinates and the model surface
point coordinates.

Figure 7. Diagram of model and triangulation

KEY TECHNOLOGY
Rapid construction of simple models based on CSG body library fusion
This project studies the rapid construction of simple models based on CSG body library fusion. Based on the analysis of
the geometric characteristics of the two typical quadric surfaces (planes and spheres) and the advantages and
disadvantages of other feature extraction techniques, the initial iteration points of the algorithm are analyzed. The
selection method is improved, the quadratic surface parameters are solved for the first time, and the iterative method is
used to automatically perform the area segmentation of the depth image data according to the scanning surface density
of the space point. Finally, the accurate value of the parameter of the quadric surface after the segmentation is
calculated, and the linear least square method is adopted. The segmented quadric surface is accurately fitted and all the
regular geometric models are extracted.
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Figure8 Extracted DBM Model

DBM-based building block detection and repair technology for satellite imagery
Building block detection and repair is the most critical technical process in true radiographic production. At present, the
production of true radiographic images is mainly aimed at aerial remote sensing images. There is very little research on
the production of true radiographic images based on satellite images. Aeronautical remote sensing images have high
resolution and large overlap, and each image has an accurate external orientation element. The satellite remote sensing
image resolution, even with high resolution satellite remote sensing images, is generally difficult to achieve the
resolution of aerial remote sensing images, and many remote sensing satellite images cannot provide orbital parameter
data. Satellite No. 7 of high score has front and rear view images, the front view angle is 26°, and the rear view angle is
5°. After analyzing the rear view image, a building with a height of about 9.1 metres can create a pixel. Blocking. In
urban areas, there are many high-rise buildings and the situation of shelter is widespread. In this research project, when
researching the true radiographing technology, we first pass the RPC parameters, reverse the orbital parameters, and use
the extracted DBM data to detect and repair the building's occlusion, which can improve the accuracy of occlusion
detection and ensure the efficiency of production of real radiographic images. And accuracy.
Orthorectification is based on the image geometry positioning model and DTM to eliminate the projection difference
caused by topographic relief on the image. The geometric positioning model of satellite imagery is divided into a strict
geometric model and a general geometric model. Strict geometry model requires information such as sensor attitude and
orbital parameters, and such information is usually not disclosed; general geometry model uses the most commonly
used rational function model (RFM) to express the correspondence between the space coordinates of the image and the
space coordinates of the object space, and its expression formula as follows:
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Where: (x, y) and (X, Y, Z) represent the image coordinates and the object-side coordinates; a_ijk, b_ijk, c_ijk, d_ijk
are rational polynomial coefficients (RPCs); m1, m2, m3, n1, n2, N3 is the power of the object coordinates, usually less
than 3.
（2）RFM/RPC affine transformation

source images

（1）DTM interpolation

DTM(E,N)

orthoimage

（3）Resample the Image

Figure 9. Ortho rectification
The universal geometric model has been proven to achieve very high accuracy and is widely used for satellite image
ortho rectification. This project adopts a general geometry model for ortho rectification to eliminate projection
differences caused by topographic relief. Ortho rectification consists of three steps: (1) fetching the plane coordinates
(E, N) from the orthoimage, the corresponding elevations are interpolated from the DTM, and (2) the RFM/RPC and
affine transformation will be used. The 3D object coordinates (E, N, H) are mapped to the image space (x, y); (3) The
grayscale values are resampled on the original image and the grayscale values are filled onto the orthoimage. The
orthographic image is processed by three steps from the orthographic image to complete the orthographic correction of
the entire image.

CONCLUSION
In the three-dimensional model, the main need is still the building / structure model, the general building / structure has
a certain rule, such as in the orthogonal two directions, there are several common forms of combination, usually have a
certain degree of symmetry, The parametric representation model can greatly reduce the storage memory of the model.
Therefore, it can be seen that the automatic parametric modeling work based on high-resolution satellite imagery is of
great significance. It does not require human interaction to specify, and the modeling problem becomes simple. Can
reduce operating costs and improve operational efficiency. From the point of view of typical buildings/structures in
urban buildings/structures, the problem of 3D reconstruction of buildings/structures is resolved from the perspective of
parametric models, and technologies such as computer vision and image analysis are used to extract buildings from
high-resolution satellite data. Three-dimensional information of objects/structures for three-dimensional reconstruction.
This model of building/structure automation parameters based on high-resolution satellite data is modeled from the
perspective of the model, guided by an initial model, and refined by analyzing data. High modeling efficiency has
significant research significance.
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Abstract
This study analyzes the changes in different types of underlying surface in the Don river basin based on the analysis of
the Landsat archive of satellite imagery. Interest in this area is due to the fact that in recent years there has been a long
low-water period. The authors made the assumption that in addition to climatic factors, the formation of a low-water
period is affected by the change in economic activity in the region. Several key dates were chosen – middle 1980s
(1985-1986), middle 1990s (1995), middle 2000s (2005), the last 3-4 years, corresponding to the low-water period
(2015) – for which Landsat satellite images were analyzed, interpretation schemes based on automated and visual
methods were compiled and the areas of different types of land use were analyzed.
Keywords: low-water period, Don, satellite imagery, land use dynamics

INTRODUCTION
The study of the effect of various types of surface on the conditions of runoff formation is an extremely tricky and
complex problem. The predominance of a particular type of surface of the catchment area determines the conditions for
the infiltration of thawed and rainwater into the soil, the processes of formation of the slope and subsurface runoff, the
conditions for feeding the soil horizons. Ultimately, all of this is reflected in the maximum and low runoff from the
catchment area (Mikhailov, Dobrovolsky, Dobrolyubov, 2005; Evstigneev, 1990; Koronkevich, 1990; Anthropogenic
changes ..., 2003; Frolova, 2006) Forested and urbanized areas “perceive” the water coming to the surface in different
ways, appropriately redistributing it. Thus, the catchment surface transformation is an indirect factor of anthropogenic
impact on the runoff (Frolova, 2006). This problem is especially urgent for regions with a high degree of agricultural
development of the territory, anthropogenic runoff regulation through the creation of small reservoirs and ponds, a high
proportion of urbanized areas (Anthropogenic changes ..., 2003).
The Don river basin is one of the most densely populated and developed regions of Russia (Djamalov et al., 2010). It
covers an area of 422 thousand km2, which currently has a population of about 29 million people. The Don river and its
tributaries are the main sources of fresh water for the population. In addition, they play a key role in such sectors as
fisheries, recreation, water transport, hydropower (Tsimlyanskaya HPP). Don has always been famous for its
biodiversity and number of organisms that make up its water and floodplain ecosystems. At present, due to
anthropogenic load, these indicators have significantly decreased. In this regard, the low water period, the longest in the
history of observations in this basin, could lead to catastrophic consequences. A marked decrease in the water content of
the Don river started in 2007 and lasts till now.
One of the most important components of a comprehensive study of the low water period is the identification of the
basic prerequisites and mechanisms for its formation. The geographical position of the Don basin and the peculiarities
of the distribution of the population of our country allow us to speak of the two main possible causes of water stress.
One of them is the natural drought, caused by an abnormal decrease in precipitation, an increase in evaporation
following the growth of air temperatures. An additional contribution can be made by the growth of losses for infiltration
during winter thaws. Another possible reason is the growth of economic activity, which is very actively developed in
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this region. In addition to the direct growth of economic indicators, a significant change in the runoff of rivers can be
caused by a change in the structure of the water sector, leading to an increase in losses in the catchment area as a result
of infiltration or evaporation. The main object of research in this paper is the assessment of the change in the area of
various types of underlying surface in the basin and qualitative conclusions about its possible effect on the runoff
dynamics.

MATERIALS AND METHODS
With the development of space and information technologies, new methods for assessing the role of the anthropogenic
component in the formation of low water are emerging. One of them is the analysis of the transformation of the
catchment surface based on the use of satellite images corresponding to different periods of water content and water
management intensity. In the scientific literature one can find a large number of publications devoted to the application
of remote sensing data for the analysis of factors affecting runoff (Sheeja et al., 2011; Mout, Lancaster, 2008;
Thenkabail, Schull, Turral, 2005).
The key issue in analyzing the contribution of economic activity to the formation of water-stress periods is the
choice of the analyzed catchment areas, the choice of time samples and data sources to be investigated. To approbate
the methodology, several basins have been identified that are part of the Don river basin (Fig.1). The choice of
representative basins is complicated by the fact that the low water period under study is characterized by a significant
spatio-temporal heterogeneity. Therefore, when choosing the analyzed territory, the following factors were taken into
account:
•

availability of data on the total annual impact of water intake above the study station in the annual editions of
the “Hydrological Water Cadastre” (HWC);

•

The basin should be covered by no more than 6–7 images.

The following stations were taken as sections: a station near Novokhopersk on the Khopyor river (F = 35046
km2), a station near Liski on the Don river (F = 68968 km2) and the Southern Don region (F =78339 km2). A small
basin including the very upper reaches of Khopyor river (Panovka village, F = 982 km2) was also chosen for testing the
technique for interpretation of satellite images.

747

Proceedings, 7th International Conference on Cartography and GIS, 18-23 June 2018, Sozopol, Bulgaria
ISSN: 1314-0604, Eds: Bandrova T., Konečný M.

Figure 1.The Don river basin and key basins: 1- Gauging section near Liski, 2 – gauging section near Novokhopersk, 3
- gauging section near settl. Panovka, 4 - Southern Don region
Estimation of the change in the area of different types of underlying surface was carried out on the basis of
satellite imagery, the area of plowed land, forests, etc. are given in the annual statistical reports (http://www.gks.ru/)
only for the subjects of the Russian Federation, but not for the boundaries of the basin. In the study, we used images
obtained by the American “Landsat” satellite survey systems, starting from Landsat-5. To identify the dynamics of
areas of different types of underlying surface over the past 30 years, the search for images for 4 time periods has been
carried out:
•

mid-eighties of the last century (1985–1986);

•

mid-nineties of the last century (1996–1998);

•

mid 2000s of the twenty-first century (2007);

•

last 2–3 years, corresponding to the low-water period (2014).
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The middle of the 1980s corresponds to the most intensive economic activity in the Don basin, which is mentioned in a
number of works (Anthropogenic impacts ..., 2003, Koronkevich, 1990, Shiklomanov 2008). The time sample of 1985
reflects the maximum degree of development of agricultural lands, indirectly related to the volume of water intake for
irrigation. The middle of the 1990s, on the contrary, corresponds to the greatest decline of the economy after the
collapse of the Soviet Union, a sharp reduction in water intake for agricultural needs. The middle of the 2000s reflects
the gradual revival of agriculture in the region, plowing of fallow fields before the low water period of 2007–2015. The
low water level in the subsequent years to a certain extent began to limit irrigation agriculture, intensified in the second
half of the 2000s. From the point of view of water resources, the middle of the 1980s, 1990s and 2000s corresponded to
periods when the water content was close to the average annual level. In this case, separate random peaks were
allocated representing years of increased water content of different parts of the basin, which on the whole slightly
change the overall situation of the development and the degree of transformation of the catchment surface. The period
of 2014–2015 corresponds to the low water period, which is of particular interest.
The accepted frequency of time samples is recognized as optimal, because, on the one hand, it allows to catch all the
significant trends in the changing areas and different stages of the country's social, political and economic life, and on
the other, does not lead to unnecessary detail and loss of time. Table 1 shows a list of the images used in the territory of
the studied water catchment area. It was not possible to pick up cloudless images for the basin upstream of the gauging
section of Liski for the low water seasons of the middle of 1980s. It should be noted that all the images used are at lowwater seasons in terms of hydrological seasons, this makes it possible to compare the areas of water bodies. The flood in
the Don basin has shifted to earlier periods since the early 1980s (Kireeva, Frolova, 2013). The beginning of the flood
occurs at the end of February – beginning of March, the ending usually occurs in late April – early May. This eliminates
the influence of seasonal features of the water regime on the accuracy of calculating the area of the water surface in
different spring-summer months.
Table 1. List of used satellite images
Gauging section
Novokhopersk

Panovka
Liski

Southern Don
Region

1985-1986
Landsat-5/TM
20.05.1985
20.05.1985
29.05.1985
29.05.1985
02.09.1985
-

1996-1998
Landsat-5/TM
09.06.1998
09.06.1998
18.06.1998
18.06.1998
14.07.1996
24.06.1996
26.06.1996
10.07.1996

01.08.1985
10.08.1985
15.08.1985
17.08.1985
19.08.1985
24.08.1985

22.07.1998
27.07.1998
14.08.1998
21.08.1998

2007
Landsat-5/TM
17.05.2007
17.05.2007
26.05.2007
26.05.2007
17.08.2007
10.08.2007
12.08.2007
17.08.2007
26.08.2007
07.08.2007
11.08.2007
21.08.2007
30.08.2007

2014-2015
Landsat-8/OLI
04.08.2015
04.08.2015
11.08.2015
11.08.2015
29.05.2014
19.07.2014
28.07.2014
30.07.2014
04.08.2015
6.08.2015
11.08.2015
13.08.2015
20.08.2015
29.08.2015

The images were processed in a specialized software Erdas Imagine 2014. Based on the satellite images
Landsat-5/TM and Landsat-8/OLI, mosaics were created for each year. Mosaics are synthesized images created using
the channels of the visible and near infrared ranges. Their spatial resolution was 30 m.
Since there were no ground surveys of the analyzed basins, it was not possible to formulate quality standards for
conducting a reliable controlled classification. As a result, the K-average classification was performed. The advantage
of this method is the simplicity of the algorithm and, as a consequence, the processing speed of a large array of
information. As input parameters, 15 classes, 10 iterations and a threshold value of 0.98 were specified. These
characteristics are established empirically and are recognized as representative. The resulting number of classes (15)
contains several subclasses of the same type. For example, on the fields, deposits and pastures, there were about 6
classes. Therefore, it was decided to allocate 4 classes of objects:
•

water objects (rivers and ponds);
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•

forests (forestlands, floodplain forests and forest cover of the ravine-narrow net) and uncultivated areas
(stumbled, saline lands are characteristic for the region of the southern Don);

•

fields (plough lands, fallow lands and pastures);

•

anthropogenic objects (settlements and roads).

This choice is due to the fact that allocation of classes of more fractional units (for example, arable lands and pastures
as a separate class) by automated methods is not feasible. This is explained by the inability to cover the entire catchment
area above the surveyed sections with a single-shot satellite survey, which in turn leads to the creation of a diverse
mosaic of satellite images, in which the state of the cultivated fields is fixed in different phenological phases (Fig. 2).

Figure 2. Results of image classification (TM/Landsat-5, 1985)
For each of the four time periods, a classification was carried out with a quality assessment of the selected classes. Most
accurately in the automatic mode, classes related to water objects (river network and ponds) were determined. Then the
forest class and the class of fields were determined. All other classes were classified as anthropogenic objects. Next, the
vectorization of the classification results was performed for manual quality control of the results – in the case of an
erroneous definition of a class of objects, a manual editing of the vector layer was performed with a change in the
corresponding attributive information.

RESULTS
As a result of the work done to interpret satellite images, the distribution of areas of water objects, forests,
anthropogenic developments and fields over the past 30 years for Panovka, Novokhopersk (for the Khopyor river), the
southern basin and for Liski station (Don river) for the last 18 years has been obtained. Let us note that the area of the
minimum object (lake), determined from the images, was 0.005 km2.
Figure 3 shows a fragment of an interpretation scheme reflecting the dynamic of types of the underlying surface in the
south basin. It is fairly well noticeable that new gardening partnerships appear on the site of the former fields. This
situation is more typical for territories near large populated areas (for example, Rostov-on-Don). In agricultural areas,
there is no apparent increase in the area of settlements.
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Figure 3. Fragment of an interpretation scheme (right – the blue polygons is settlements, 1985, left – the orange
polygons is settlements, 2015)
As can be seen from Table 2, all basins are characterized by a decrease in the area of fields and an almost twofold
increase in the area of forests and uncultivated areas, which is most likely due to a decrease in the volume of
agriculture. At the same time, there is an increase in the area of anthropogenic development, which is connected, on the
one hand, with urbanization, and on the other –with the duration of destruction of capital construction objects after the
transition to an abandoned state.
Table 2. Distribution of areas of water bodies, forest and uncultivated areas, anthropogenic housings and fields over
the past 30 years in the Don river basin by analyzed sections
1985
Water
Forest and
uncultivated areas
Agricultural fields
Settlements

Area, km2
Area, km2

349
3556

Area, km2
Area, km2

30804
337

Water
Forest and
uncultivated areas
Agricultural fields
Settlements

Area, km2
Area, km2

349
3556

Area, km2
Area, km2

30804
337

Water
Forest and
uncultivated areas
Agricultural fields
Settlements

Area, km2
Area, km2

1566
29612

Area, km2
Area, km2

43949
3212

Water
Forest and
uncultivated areas
Agricultural fields
Settlements

Area, km2
Area, km2
Area, km2
Area, km2

1996-1998
2007
2014
Khopyor basin (gauging section near settl. Panovka)
389
314
170
4761
5311
5875
29395
28934
28489
501
487
512
Khopyor basin (gauging section near Novokhopersk)
389
314
170
4761
5311
5875
29395
501

28934
487
Southern Don region
2507
2115
29142
29769

28489
512

42460
4682

-

43243
43008
3447
3447
Gauging section near Liski
523
460
870
1649

-

63934
3641

59558
5355

62308
4552

1723
30474

478
3577

The most interesting is the situation with water bodies, most of which are occupied by small ponds. The upper basin is
characterized by some decrease in the first decade of the XXI century with the following growth. It is interesting to see
a significant increase in ponds in the late eighties and in the nineties. But for the southern basin and for the basin with
the gauging section near Novokhopersk, the growth of water bodies at the end of the last century has been replaced by a
recession over the past 20 years. At the same time, the area of water bodies for the basin with a gauging section near
Novokhopersk reduced more than twofold. Probably, the decrease in the area occupied by water bodies is due to their
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overgrowing and transition to the status of wetlands that do not belong to objects with an “open water surface”. This
also illustrates the processes occurring during the low water period.
Despite the fact that a shorter period of observation has been taken for the Liski station, it is clear how the forest
coverage of the catchment area changed (Fig.4). From 1996 to 2014, the area of forests increased 4-fold, which is
associated with a reduction in land development and, as a consequence, overgrowing of fields. In addition to forest
coverage, the area of anthropogenic development also increased, due to expansion of the private sector and the growth
of industrial development since the middle of the 1990s. It can be noted that the ratio of the water surface area and the
area of anthropogenic development in 1996, 2007 and 2014 decreased by 2 times. So, in 1996 the ratio of these areas
was 0.6, in 2007 – 0.28, and in 2014 it decreased to 0.13. At the same time, the main factor forming this ratio is the area
of anthropogenic development, which has changed significantly in contrast to the water surface area.

Figure 4. Percentage of water and forest and uncultivated areas it total area for key basins: 1- Gauging section near
Liski, 2 – gauging section near Novokhopersk, 3 - gauging section near settl. Panovka, 4 - Southern Don region
The minimum value of the water surface area was 460.1 km2 in 2007, when a severe drought was recorded for the
territory of the European part of Russia. By 2014, the value increased to 477.7 km2, but never reached the value of
1996. This fact can be explained not only by the climatic changes that occurred during this period, but also by the
change in the water intake volume.
In general, the results obtained can be considered reliable and used to study the impact of economic activity on
the runoff of the Khopyor river and the upper reaches of the Don river.

DISCUSSION
According to the annual data of the State Water Cadaster (hereinafter – SWC), the maximum total change in runoff due
to water intake was observed in 2007 (0.01 km3) (State Water Cadaster. Resources of surface and ground waters, their
quality and use, 2007). The average value for the low water period was 0.009 km3. This is only 0.26% of the average
long-term runoff during the low water period. The maximum share of the total change in runoff compared with the
annual one was observed in 2009 – 0.36%. All these values allow us to speak about the absence of any significant
influence of the water intake on the runoff.
On the other hand, the impact of economic activity can be manifested indirectly, in combination with natural
factors. Thus, an increase in the area of water bodies can lead to an increase in evaporation losses. Based on reanalysis
data, it was obtained that evaporation from water bodies in 2007 was about 3.74%, and in 2014 – 2.13% of the total
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annual runoff. Despite the fact that the accuracy of such calculations is small, they allow us to judge the order of
magnitude of the investigated values. This type of loss is actually an order of magnitude greater than the losses due to
water intake. In the low water period, a reduction in the water surface area may to some extent reduce “water stress”, as
this leads to a reduction in evaporation losses from the surface of water bodies. Thus, the reduction in the area of water
bodies more than 2 times in 30 years, undoubtedly, led to a decrease in water losses due to evaporation. The increase in
forest coverage of the basin leads to the opposite consequences: the volumes of interception of overland runoff by the
root system of woody vegetation increase, which in turn affects the growth of evapotranspiration and gross evaporation.
To calculate the accurate quantitative values of the contribution of transformation to changes in the water content of
rivers, detailed field studies are needed, which are absent in this paper. At the same time, based on the results of the
conducted assessments, it cannot be asserted that economic activity plays a major role in reducing the water content of
rivers. This indicates the determinative role of climatic factors.
As a result of the work done, an analysis was made of the main possible anthropogenic causes of the decline in the
water content of the Khopyor River, the main left tributary of the Don in the gauging section (Novokhopersk) and
Upper Don in the gauging section of Liski. For the Khopyor river basin, assessment of the impact of the water complex,
based on satellite images and the annual publications of the SWC showed a slight contribution of both direct and
indirect anthropogenic factors to the potential change in the water content of the investigated watercourses. At the same
time, in addition to direct water intake from the river network and underground sources, an important role is played by
the increase in water losses, indirectly due to changes in economic activity. First of all, they include the growth of
evaporation losses due to an increase in the level of lake coverage and forest coverage of the basin.
For the upper reaches of the Don basin, on the contrary, a more significant contribution of anthropogenic activity is
observed, which is confirmed by a decrease in the ratio of the water surface area and the area of anthropogenic
development from period to period.
Nevertheless, the results obtained suggest that the change in the area of different types of underlying surface is not the
main reason for the formation of a low-water period. The volume of losses caused by economic activity of the
population does not exceed 5–7%.
It is also interesting to note the fact that for such a large river as the Don, the water regime of both the tributaries and
the main river can vary greatly in different parts of the basin. This study was carried out for the northern part of the Don
river basin, further similar studies are planned for the southern part.
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Abstract
The aim of this study is to examine the advantages of the Airborne Light Detection and Ranging (LiDAR) integrated
with Geographical Information Systems (GIS) in hydrologic modelling. Balcı Stream Basin is selected as study area,
lying within the boundaries of Borçka district of Artvin city in the northeast of Turkey.
Types of data used in the study are as follows: LiDAR point cloud, Ground Control Points (GCPs) derived from Global
Positioning System (GPS) in the field study and finally LANDSAT 8 satellite image for determination of land use.
TerraScan, TerraModeler and TerraPhoto softwares are used in laser point cloud filtering, classification, modelling
and accuracy analysis; while ArcGIS, Surfer, Global Mapper and Erdas Imagine softwares are used for integration
with Geographic Information System and hydrologic modelling.
Hydrologic modelling requires high resolution elevation data, with relevant vertical and horizontal accuracies and the
basic data form for this is a Digital Terrain Model (DTM). For this purpose, Digital Elevation Model (DEM), Digital
Surface Model (DSM) and DTM were generated from classified LiDAR data with triangulation process, respectively. As
a result of the modelling process LiDAR DTM represented the topography of Balcı Stream Basin very accurately, which
has a very steep slopped and dense vegetated character with a vertical accuracy of 0.1855 m., owing to the advantage
of LiDAR: easily extraction of non-ground objects from the data. In the hydrologic modelling phase; LiDAR DTM was
integrated with GIS and flood peak discharge value (Qp) was calculated. Resulting Qp value was quite close to the
reference value.
Keywords: LiDAR, DTM, hydrologic modelling, accuracy

1. INTRODUCTION
In order to reveal accurately the drainage area and the slope of the water basins, which were the most important
parameters for the hydrological studies, the topographic structure of the terrain should be determined very precisely in
the digital environment. Hydrologic modelling requires high resolution elevation data, with relevant vertical and
horizontal accuracies and the basic data form for this is a Digital Terrain Model (DTM).
When the data retrieval techniques for Digital Elevation Model (DEM) and DTM production are reviewed within the
scope of the geomatics science, five basic techniques come to the forefront:
•

Classical ground survey,

•

Digital Photogrammetry,

•

LiDAR,

•

Interferometric Synthetic Aperture Radar (InSAR) / Shuttle Radar Topography Mission (SRTM),

•

Stereo satellite images.

Depending on the specific requirements of the hydrologic modelling task, it is important to examine the characteristics
of the different topographic data sets required for DTM generation and hydrological modeling in water basins.
Traditional methods such as field surveying and photogrammetry can yield high-accuracy terrain data, but they are time
consuming and labour-intensive. Moreover, in some situations, for example, in forested areas, it is impossible to use
these methods for collecting elevation data (Habib et al., 2005).
Compared with photogrammetry, one of the main competing technologies with airborne LiDAR in terms of accuracy,
due to LiDAR’s capability of canopy penetration, DEM generation from LiDAR data overcomes the limitations of
photogrammetry for DEM generation in forested areas (Liu, 2008). Airborne LiDAR systems are also capable of
detecting multiple return signals for a single transmitted pulse (Wehr and Lohr, 1999; Reutebuch et al., 2005). Most
LiDAR systems typically record first and last returns, but some are able to record up to six returns for a single pulse
(Wagner et al., 2004; Lim et al., 2003). Multiple returns occur when a laser pulse strike a target that does not
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completely block the path of the pulse and the remaining portion the pulse continues on to a lower object. This situation
frequently occurs in forested areas where there are some gaps between branches and foliage (Reutebuch et al., 2005).
Recording multiple returns is quite useful for the topographic mapping in forested area or for the description of forest
stand and structure (Sheng et al., 2003). It also makes the creation of a bare earth model possible, which is very
important for hydrological studies. With the LiDAR point cloud data, the xyz value of each point is obtained directly, so
terrain models such as DEM, Digital Surface Model (DSM) and DTM can be obtained at a high speed in data
processing.
The aim of this study is to examine the advantages of the Airborne Light Detection and Ranging (LiDAR) integrated
with Geographical Information Systems (GIS) in hydrologic modelling.

2. STUDY AREA
Study area covers the Balcı Stream basin, which is located in Balcı village just 6 km east of Borçka district of Artvin
Province in north-east part of Turkey.The study area (Figure 1) consists of forestry areas, agricultural areas and
estuaries according to the information obtained from the existing maps. It also represents an extremely hard terrain with
steep slopes and dense vegetation.

Figure 1. Study area.

2. MATERIAL
Types of data used in the study are as follows: LiDAR point cloud (Fig. 2), Ground Control Points (GCPs) derived from
Global Positioning System (GPS) in the field study (Fig. 3) and finally LANDSAT 8 satellite image (Fig. 4) for
determination of land use. TerraScan, TerraModeler and TerraPhoto softwares are used in laser point cloud filtering,
classification, modelling and accuracy analysis; while ArcGIS, Surfer, Global Mapper and Erdas Imagine softwares are
used for integration with Geographic Information System and hydrologic modelling.
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Figure 2. LiDAR point cloud.

Figure 3. GCPs gathered with GPS field survey.
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Figure 4. LANDSAT 8 satellite image.

3. METHODOLOGY
3.1 Lidar Data Classification
Terrain classes are determined by using TerraScan, TerraPhoto and TerraModel modules included in Terrasolid LiDAR
data processing software with unsupervised and supervised classification methods, by making use of orthophotos as
visual reference. After completion of LiDAR data filtering process, the whole LiDAR point cloud package consists of
22 182 274 points has been completely filtered and classified (Fig. 5).

Figure 5. Completely classified LiDAR data.
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3.2. Accuracy Analysis
The classified LiDAR data has been subjected to the accuracy analysis by using coordinates obtained from GPS survey
performed in the study area. Vertical accuracy was found as 0.1855 m., while horizontal accuracy was found 1.16 m. in
X axis and 0.47 m. in y axis. Spatial resolution of LiDAR data was found as 0.6 m. in all classes and 1.8 m. in only
ground class (Fig. 5).

3.3. Model Production
3.3.1 Model Concept
As it was allready known, the concept of 3D model in Remote Sensing science is divided into three basic categories as
DEM, DSM and DTM. DEM is a numerical or 3D representation of a terrain surface produced from terrain elevation
data and consists of an unprocessed and unclassified dataset. The DSM represents the surface of the earth and is a
processed and classified data set containing all the objects on it, and includes all natural and man-made objects such as
roads, buildings and vegetation, together with the bare earth. A DTM is a categorized, processed, representation of the
naked earth from which all natural and man-made objects such as roads, buildings, and vegetation are extracted. While
DSM is used for environmental engineering urban modeling and visualization applications; DTM is often used for flood
and drainage modeling, land use studies, geological purposes and other similar applications.

3.3.2 Model production with LiDAR
13 947 points detected in the air and under ground in the LiDAR point cloud data of Balcı Stream Basin are evaluated
as bad and unfavorable points are called as “Low points” and extracted from the dataset. The remaining data including
22 832 327 laser points are transferred into DEM, DSM and DTM respectively by using TerraScan and TerraModel
softwares (Fig. 6).

Figure 6. DEM (a), DSM (b) and DTM (c) production from LiDAR data set.
In this part of the study, most distinguished capability of LiDAR, known as easily extraction of non-ground objects
from the data set enabled us acquire the bare earth model of the Balcı Basin, in other words DTM, which constitutes a
very important base for hydrological studies.

3.3.3 Comparison of DEM, DSM and DTM generated by LiDAR
Resolutions of LiDAR DEM and DSM were found and compared with the DTM obtained by LiDAR, and a vertical
accuracy analysis was performed and shown in Table 1.
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Table 1. Comparison of LiDAR models.

As seen in Table 1, the LiDAR DEM with a point number of 22 168 327 has a resolution of 0.63 m, a height accuracy
of 0.4062 m. in terms of RMSE; the resolution of LiDAR DSM having a point number of 22 166 274 is 0.63 m, the
height accuracy in RMSE is 0.3397 m; the resolution of the LiDAR DTM with the number of points 2 756 531 is 1.8 m,
the height accuracy in RMSE is 0.1855 m.
As it was seen in Table 1, LiDAR DTM gave the best height accuracy value.

3.4 Hydrologic Modeling
One of the most common problems in projecting river structures is the determination of the maximum flood peak
discharge in the stream. Since the Balcı Stream Basin is smaller than 5 km² and there is no Flow Observation Station
(AGI) and Automatic Meteorological Observation Station (OMGİ) installed on the basin, the Rational Method was used
to create the hydrological model and calculate the flood peak discharge value.
The rational method yields good results in small basins (0.5-5 km2) where the percentage of impermeable areas is large
and the duration of rainfall is greater or equal to the Time of Concentration (Tc) of the basin.
The rational method can be explained as follows: The flood peak discharge “Q”, that the rainfall will bring to the basin
sized as “A”, at the intensity of the “i”.

Q=CiA
Q: Flood peak discharge (m³/sn), i: Rainfall intensity (m/s),

(1)
A: Drainage area (m²),

C: Runoff coefficient (unitless).

3.4.1 Basin Characteristics
The physical characteristics of the Balcı basin were revealed by using ArcGIS 10.4.1 and Surfer 11 GIS softwares (Fig.
7).

Figure 7. The Balcı Basin physical characteristics.
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3.4.2 Land Use and Flow Coefficient (Ch)
The land cover and usage pattern (building, forest, meadow, road etc.) influence the infiltration potential and flow
coefficient of the hydrologic model. For this reason, LANDSAT 8 multispectral (MS) satellite image is provided from
USGS, having a spatial resolution of 30 m., dated 03.05.2013. Land use is determined by using Erdas İmagine software.
Flow coefficient is calculated as Ch=0.4128 (Fig. 8).

Figure 8. Land use pattern and flow coefficient Ch.

3.4.3 Flood Peak Discharge Calculation (Qp100)
Max.rainfall intensity (i) is found as 55 mm/hr from local statistics and flood peak discharge for return period of 100
years was found as 17.85 m³/s. by using the equation (1)
Qp100=0.4128* (55/(1000*3600))*2830578) = 17.85 m³/s.
As the result of the calculations, the LiDAR data gave very close value to the value, measured in a similar basin before,
which was taken as reference as 18.8 m³/s.

4. CONCLUSION
Despite the fact that, it was very hard to get a DTM with the classical data acquiring technics and the accuracy of this
DTM was low in such steep sloped and dense vegetated areas; making use of high penetration and multiple reflectance
properties of the laser pulses, ground and other terrain details had been easily distinguished from each other, and a very
sensitive DTM had been generated having a vertical accuracy of 0.1855 m.
Thus, in cases that there is no flow or precipitation station in the study area; hydrologic modelling could be performed
with rational method and a flood peak discharge value has been obtained which is rather close to the values obtained by
means of measurements.
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Abstract
Virtual Water Values (ViWA) is a collaborative project for multiscale monitoring of the geographic distribution of
water resources and options for their sustainable use. The main target of the project is to support the implementation of
the water-related UN Sustainable Development Goals (SDGs). Herein we present a methodology for the investigation
of the present distribution of water resources and the pathways towards the development of feasible solution options for
decision-making in different scales.
The European Earth observation program COPERNICUS is the main source of remote sensing data for this study.
Further understanding of the present water situation is acquired through the application of environmental and socioeconomic models. The volume and complexity of the data requires its management and processing in Big Data
environment. Through sustainability assessment of the data and the present water use governance practices, the hot
spot areas with a high risk of unsustainable water use are located.

Keywords: remote sensing, water resources, geographic distribution, virtual water flows, Sustainable Development
Goals (SDGs)
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INTRODUCTION
The understanding of water flows has recently undergone a crucial transformation that supports the better understanding
of resource appropriation from local to global scales. Concepts as virtual water, water and ecological footprint,
ecological backpack and environmental accounting conceptualize the perceptions of water flows and provide tools to
support sustainable water and resource management. Water transforms and “takes the shape of its container” – the Tshirts we wear, the apple we eat, the bread we bake, are few simple examples of commodities that require significant
amounts of water for their production. Therefore, their global trade creates invisible (virtual) water flows (Hoekstra &
Hung 2002; Hoekstra 2003) that are presently not trackable and do not account for sustainable water use in production.
Furthermore, the virtual water transported from one place to another in agricultural products, is not yet included into the
water consumption accounting of different countries or regions. Virtual water is the water quantity embodied in
products and services that is required for their generation (Allan 1998; Hoekstra & Chapagain 2007). The virtual water
of agricultural commodities accounts for the water input used for their growth/production. However, the quantity of
virtual water attached to a product alone is not an indicator for the water related sustainability of the production. The
availability of water at the location of the production and according to the principles of sustainably including the
safeguarding of water related biodiversity is crucial knowledge for any assessment.
The here presented study is conducted within the framework of the collaborative project ViWA (Virtual Water Values):
(ViWA): Multiscale Monitoring of Global Water Resources and Options for their Efficient and Sustainable Use 1.
ViWA is a three years project (started in May 2017) of the funding program "Global Resource Water (GROW)" in the
framework program FONA (Research for Sustainability) of the German Ministry for Education and Research (BMBF).
Its main objective is the multiscale monitoring of the geographic distribution of water resources and options for their
efficient and sustainable use. The main target of the project is to support the implementation of the water-related UN
Sustainable Development Goals (SDGs). Multiple studies estimate that the appropriation of water for agriculture
accounts for 70-92 % of the total global water use (Allan 1998; MEA 2005; Molden 2007; Hoekstra & Mekonnen
2012). Therefore, in order to achieve the SDGs, there is urgent need to strengthen sustainable and efficient water use in
agriculture through addressing its impact on vital ecosystems, biodiversity and local sustainability. The SDGs that we
identified as directly dependent on finding solutions for sustainable water use in agriculture are “Zero Hunger” (SDG
2), “Clean Water and sanitation” (SDG 6), “Responsible Consumption and Production” (SDG 12), “Climate Action”
(SDG 13) and “Life on Land” (SDG 15) (UN 2015a).
Herein we present a draft methodology for the investigation of the present distribution of water resources and the
pathways towards the development of feasible solution options for decision-making capable to enforce sustainable and
efficient water use in different scales. Focusing on the agricultural sector as key global water consumer, we investigate
the efficiency and sustainability of agricultural water use around the globe taking into account the possibilities for
adaptation of production to water availability and the impacts of agricultural water use on other ecosystems and
drinking water supply.

MATERIALS AND METHODS
The European Earth observation program COPERNICUS 2 is the main source of remote sensing data for this study. It
opens up new possibilities in global environmental and climate related research though the better quality, resolution and
availability of its remote sensing data. For instance, it allows observing the growth pattern of plants in agricultural areas
with high temporal resolution and at plot-level and provides the opportunity of in-depth investigation of the related
water flows. Further understanding of the present water situation is acquired through the application of complex and
sophisticated environmental and socio-economic models that provide the possibility for simulation of SDGs indicators.
The volume and complexity of the remote sensing and model generated data requires its management and processing in
Big Data environment. Through sustainability assessment of the data and the present water use governance practices,
the hotspot areas of unsustainable water use are located. Thereafter the areas of asymmetry between the spatial extent of
ecological processes and spatial governance units are located and investigated – “problems of spatial fit”.
Water management is very sensitive to issues of scale and mismatches between the boundaries of hydrological systems,
from small catchments to large river basins, and the boundaries of administrative units that are responsible for the water
resource management, representing a typical dilemma of scale in environmental management and governance (OECD
2015; Moss & Newig 2010). Through the identification of the impact of such mismatches on the resource appropriation,
the potential institutional obstacles to a sustainable and efficient water use are identified. Beyond the natural resource
availability, the existing governance plays significant role in the sustainability and efficiency of the production of
1
2

http://viwa.geographie-muenchen.de/
http://www.Copernicus.eu/
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agricultural commodities. Through the identification of Hot-Spots (areas of unsustainable water use) and Cold-Spots
(abundance areas with sustainable water use) the directions of flows can be regulated (from Cold to Hot) and negative
impact minimized or eliminated. The flow of water-intensive agricultural products from water-rich to water-poor areas
guarantees the more sustainable water use in both areas and creates sustainable ecosystem services trade-off dynamics
for water and agricultural products in support of the United Nation’s (UN) Sustainable Development Goals (SDGs).

Sustainability assessment of water use in agriculture
In order to better understand the impact of the global trade of agricultural commodities on the water resources, we need
to understand the impact of their production on local sustainability. There are multiple factors that determine the
sustainability of agricultural practices in an area (Figure 1). At the highest level the water management is influenced by
the different levels of water governance. At the level of governance we investigate the present water governance
mechanisms and to what extend they are favourable (or unfavourable) for achieving a sustainable agricultural water use.
We map the spatial distribution of the areas of governance (political decision-making) and the borders of the ecological
processes (watersheds, aquifers). Spatial mismatches in those borders often create problems for the implementation of
sustainable water management.
In order to understand the condition of the studied socio-ecological system, besides the better understanding of the
existing governance levels and their influence on the local management, we need to understand also the condition of the
environment in the area. In this work the focus is on the water resources and the impact of their appropriation on the
surrounding habitats. The water availability of an area is predefined by the local climate, topography, geology and other
factors that are investigated through COPERNICUS Sentinel remote sensing data coupled with hydrological,
groundwater and economic models.
The agricultural practices are determined by the environmental and management conditions in the area. Nevertheless,
they also create a feedback loop and contribute to changes in the condition of the system. A hypothesis is that the
management is more resistant to impact from the agricultural practices than the environment. Thus, resulting changes in
the environment are very rapid, often not predictable and require fast adaptation, while changes in the management and
governance system often require long periods of time to adapt to the emerging pressures from agriculture and are not so
sensitive to disturbances. This makes the environment more vulnerable to “bad” practices. On this level we will study
the dynamics between management, environment and agricultural practices and suggest changes in the system that will
lead to increased sustainability with consideration of the exiting dynamics. As result of the better understanding of the
dynamics between the condition of the system and the agricultural practices, we will determine the sustainability of the
present situation of the area (Hot and Cold spots) and suggest solutions for the identified situation, targeting sustainable
flow of ecosystem services to the society. The development of methodology for the assessment of the sustainability of
water use for agricultural production will provide important information on the interactions of the complex socioecological system.

Figure 1. Factors influencing the sustainability of agricultural practices in an area.
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Research Approach
The investigation of the present sustainability and efficiency of water use will be done in three stages, namely 1) data
production and collection from existing sources, 2) data interpretation and 3) sustainability assessment (Figure 2).
During the first stage, the present condition of the environment and the impact of agricultural practices will be
investigated through coupling of different data sources and models, including COPERNICUS remote sensing data,
hydrological and groundwater modelling and collection of other spatial data, including localisation of wetlands and
vulnerable habitats. The later are relevant for the investigation of the impact of agricultural practices on valuable and
rich on biodiversity natural habitats, which are prerequisite for sustainability. In the second stage the generated data will
be interpreted for the needs of the sustainability assessment. During the interpretation stage different water use
sustainability indicators will be developed and analysed. An example for such indicator is the Climatic Water Balance
(CWB), which is determined by the difference between the precipitation (P) and potential evapotranspiration (ETp).
Further interactions between the spatial distribution of hydrological and climatic variables will also be investigated in
order to assess the vulnerability of the agriculture and ecosystems to climatic variability with emphasis on water
availability. Based on the resulting values of the sustainability indicators, the sustainability threshold of water use in
agriculture will be determined and strategies for improvement will be suggested (stage 3).

Figure 2. Study stages for investigation of the sustainability and efficiency of water use in agriculture.
The sustainability threshold of water use in agriculture determines the limit of water use that guarantees that no
vulnerable habitats are endangered (habitat water requirements are fulfilled), there is no risk of water scarcity for other
users (e.g. drinking water) and the present production rate can be sustained in the long term. In the areas where the
sustainability indicator’s values are equal to or higher than the sustainability threshold, a water use “cold spot” is
located (Figure 3). When the values are below the sustainability threshold, a “hot spot” is located. In this case the virtual
water flows in the form of agricultural products should be from “cold” to “hot” in order to compensate for the
unsustainable situation in the hot spot area.
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Figure 3. Identification of cold and hot spots based on the sustainability indicators and thresholds’ assessment. Once
the cold and hots spots are located the flow of agricultural commodities should be from “cold” to “hot” in order to
compensate for the unsustainable situation in the hot spot area.

The role of COPERNICUS-SENTINEL data
The implementation of the European satellite fleet COPERNICUS opens up new possibilities of Earth observation from
space, which allow observing the growth pattern of plants in agricultural areas with high temporal resolution and at
plot-level. The observation time series of COPERNICUS satellites contains, at least in principle, information about the
management intensity and the underlying water use efficiencies for green and blue water. In order to be able to extract
this information the Earth observations alone are not conclusive. For this purpose, the impact of climate and weather on
the development of the crops must be separated from the impact of the farming practices. Plant growth models that
simulate crops’ growth under given weather conditions with a wide range of different farming practices allow this
separation. To implement this approach complex, numerically expensive models have to be driven globally with
downscaled weather data at high temporal (1h) and spatial (1km) resolution and large amounts of satellite data has to be
processed automatically. For this we rely on the massive computing power of today’s High Performance Computing
(HPC) resources and expertise in the use, archiving and displaying of large amounts of data (Big Data). The ensemble
data on crop growth resulting from the simulations, which contains local, detailed information on the potentials of
different farming practices and related water-use efficiency, will be made freely accessible. They contain local, detailed
information on the potential of different agricultural practices and the associated possibility of improving water use.
For the needs of the data collection and production, a remote sensing based monitoring approach is coupled with global
agro-hydrological models in order to determine the agricultural, environmental and societal water flows, water use
efficiency and agricultural yields on a small scale (1 km²), for the first time, on a worldwide and daily basis. The
approach used is shown schematically in Figure 3. Meteorological data inputs are dynamically downscaled from global
reanalysis data to drive a 225 member ensemble of hourly simulations. The results are representing the major crops and
cultivation practices (fertilization, irrigation, cropping intensity) for each 1km pixel of the global cropland plus 1
member for each non-cropland. The simulated ensemble of growth curves is compared with high resolution (20m)
COPERNICUS remote sensing data streams to determine actual water use efficiency, actual yield and virtual water
content of crops for ~150 global test sites.
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Figure 3. The scaling and simulation concept for assessing water use efficiency, actual yield and virtual water content.

Study areas
In order to study the virtual water flows and the sustainability, efficiency and impact of the agricultural production on
the water resources and the local environment, our team focuses on four case studies –Germany, Israel, Zambia and
Bulgaria (Figure 4). This will provide representative diversity of case studies with varying climate, hydrology, socioeconomic and environmental conditions. The main objective is to develop a transferable approach that can be adapted to
different case studies and locate global Hot and Cold spots important for the sustainable global trade. Nevertheless, a
case study in Bulgaria will be used for testing the methodology.

Figure 4. Location of the selected study areas. (Map author: A. Schlattmann)
Bulgaria was selected as a test case study due to its complex geopolitical situation. Located in south-east Europe, the
country is a member of the European Union (EU) since 2007. Therefore, all EU regulations apply for its area. The
territory of the country is characterised by complex topography and diverse climate. Furthermore, it is part of the
Danube watershed, which is the biggest transboundary watershed in Europe. All these factors define the complex socioecological system of the country and make it an interesting case study for testing the developed methodology.
The water management of Bulgaria is assigned to responsible River Basin Directorates (RBD). Their borders are
defined by the natural borders of the hydrological systems (river basins), which are divided in four areas depending on
the direction of the river outflow, respectively Black Sea, Danube, East Aegian, West Aegian (Figure 5). The
governance functions of the RBDs are limited to the development of the River basin management plans and Flood risk
management plans, as well as monitoring of the surface and groundwater resources determined by the Bulgarian Water
Law. The RBDs are also responsible for the approval of permissions for groundwater abstraction (incl. for irrigation).
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Nevertheless, the applications need to be firstly approved centrally by the Minister of Environment and Water and by
the Regional Inspectorates for Environment and Water (RIEW). The later are regional units of the Ministry of
Environment and Water (MOEW) responsible for the monitoring and control of water, soil and air pollution and general
condition. The RIEW are responsible for the approval of permissions for waste water discharge and assessment of the
environmental impact of different water use practices. Nevertheless, the borders of the RIEW do not coincide with the
RBDs’ borders and are based on the administrative division of Bulgaria in municipalities and provinces (oblast). In
order to understand the impact of such rather centralized and complex administrative system on the sustainability and
efficiency of the water use, we will investigated to what extend the present management is responsible for existing
water issues and if they can be associated with the existing governance system, rather than with the natural conditions
of the system.

Figure 5. Hydrology and administrative division of Bulgaria.

DISCUSSION AND CONCLUSIONS
The presented methodology provides a structured overview of the crucial elements required for the sustainability
assessment of water use in agriculture. The availability of data with high spatial and temporal resolution is prerequisite
for the in depth understanding of the impact that the agricultural practice and climate have on the surrounding
environment and water resources. The development of sustainability indicators in support of the SDGs is the next step
of the presented assessment approach and will be based on the coupled remote sensing and modelling system. Still, it is
a challenging task since very few studies address the need of holistic water use sustainability indicators that go beyond
the water use/availability ratio and assess the total impact on the environment (e.g. surrounding ecosystems) and
involved social players (e.g. access to drinking water). The present study builds on the set of indicators and a
monitoring framework for the achievement of the SDGs suggested by the UN Sustainable Development Solutions
Network (SDSN) (UN 2015b). Nevertheless, many of the indicators suggested by the SDNS are only conceptual or not
fully developed and do not provide a robust monitoring approach based on variables that can be measured (by existing
monitoring systems) or extracted from remote sensing and modelling data analysis. Another issue lays in the
development of sustainability thresholds that define the limit of sustainable exploitation of the environment and natural
resources. On planetary level, the Planetary Boundaries framework analyses the impact of anthropogenic activities on
the Earth system at the planetary scale (Steffen et al. 2015). The framework suggests an estimation of the global limits
of consumption of crucial elements, including freshwater consumption, that guarantee the long term survival of the
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Earth system and are therefore sustainable. Nevertheless, the coarse operating scale makes it impossible to address local
(sub-national) water distribution patterns and habitats’ water requirements. Therefore, we are building on the concept of
limited resource availability and develop sustainability indicators that are applicable on local scale.
The ViWA project targets the development of a monitoring system that allows global sustainability assessment of water
use in agriculture based on local impacts and distribution patterns, as presented in this methodological paper. The
lessons learnt during the implementation of the monitoring approach are used to develop the concepts of a future
operationalization of an automated remote-sensing based approach to global monitoring of water-related SDGs. The
further rapid development in computer and data handling resources is to be expected in the near future. Therefore, it can
be foreseen that the developed monitoring concept can be implemented, with proper adaption, in data centres of e.g.
FAO or UNEP or as a cloud-based solution through commercial suppliers.
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Abstract
The paper presents results of assessing radar interferometry as an independent method for mapping changes in lava
flow topography. The study region is Tolbachinsky Dol (Kamchatka), where a fissure eruption occurred in 20122013. This research is based on two-pass differential interferometry for processing a series of Radarsat-2 radar
images acquired both from the ascending and descending orbits. During interferometric processing the coherence
maps were calculated, which can be used as an additional data source for mapping of the properties of active lava
flows. We also calculated the values of lava surface displacements, which highlighted the processes of thermal
subsidence. As a result, we have defined a list of mapping parameters that can be extracted from interferometric
materials, and have created maps of the dynamics of the lava fields topography.
Keywords: interferometric processing, mapping of topography dynamics, TTI-50 eruption

INTRODUCTION
The advantages of remote sensing data in comparison with the other sources of mapping are their large spatial
coverage, simultaneous availability of information for the whole area and high periodicity. However, SAR images
are used very little as an independent method of mapping due to processing complexity, specific distortions and
difficulties in image interpretation. Radar interferometry (InSAR) is a relatively new method of obtaining
information about Earth covers. At the moment, there is still a lack of developed mapping methods based on InSAR.
The method of radar interferometry started to develop from the mid-1970s in studies of extraterrestrial objects, and
has been actively used in geographic research since relatively recently, the early 1990s (Briole et al., 1997, Lanari
et al., 1998, Massonet et al., 1995). As a result of multistage interferometric processing, in which at least two radar
images are needed, the absolute terrain heights or surface displacements values are extracted. The method imposes
strict requirements on the source images and is rather sensitive to the acquisition conditions (Zakharov et al., 2012).
The result of interferometric processing is a raster image whose pixels contain information about the absolute
altitude of surface or its displacement. These values, in international research practice, are used directly for further
analysis of the selected area, without creating a map. At the same time, the creation of thematic maps based on the
results of interferometric processing would make it possible to obtain a new, holistic information on the state of
objects and on the processes occurring within the study area.
To study the potential for mapping using results of interferometric processing, we have selected a locality of
Tolbachinsky Dol in Kamchatka, where a large fissure eruption occurred in 2012-2013. It was named by
Kamchatkan volcanologists the Tolbachik fissure eruption of 2012-2013, abbreviated in Russian as TTI-50. The
eruption was effusive. As a result, three lava fields were created: in the first months, Vodopadnoe and
Leningradskoe fields were formed, and then the Toludskoe lava field appeared in the last months of eruption
(Dvigalo et al., 2014, Skripko et al., 2014).
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DATA AND METHODS
Radarsat-2 radar images acquired during the last months of the eruption, as well as a set of optical remote sensing
data (for those months in which radar images are missing) were used to reconstruct the dynamics of lava fields. We
also used digital elevation models (DEM) and results of field geodetic measurements in the Tolbachinsky Dol in
August 2013.
The analysis of the radar images identified only 4 image pairs suitable for calculation of the displacements values two from the ascending orbit (26.06.2013-19.07.2013, 12.08.2013 - 05.09.2013) and two pairs from the descending
orbit (29.06.2013-23.07.2013, 16.08.2013-09.09.2013). The processing was performed with the method of two-pass
differential interferometry; its main steps are shown in Fig. 1.

Figure 1. Steps of interferometric processing for radar images
As a result, we calculated vertical displacements of the lava fields surface (Fig. 2). The negative displacement values
enable us to conclude that, in this period of eruption, the dominating process of lava flow field formation was the
thermal subsidence with the maximum values about 6 cm.

Figure 2. Vertical displacements calculated on the basis of SAR image pairs, 12.08.2013 – 05.09.2013 and
15.08.2013 – 09.09.2013
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The very close dates for image pairs from the ascending and descending orbits allowed us to estimate the accuracy
of the displacements values, based on their difference. A direct comparison of the displacement values showed that
for the June-July pairs the differences reach about 9 cm, and for August-September pairs it changes from 1-2 cm
(Leningradskoe lava field) to more than 5 cm (Vodopadnoe and Toludskoye lava fields with greater height
gradients). The analysis of stable objects of the Tolbachinsky Dol such as lavas of previous eruptions revealed a
systematic error in the displacement values. After its subtraction and the introduction of correction coefficients
based on the regression analysis (eliminating errors associated with different acquisition geometry), the accuracy of
the displacements determination for the Leningradskoe and most of the Vodopadnoe lava fields reached 2 cm, but
for areas of lava fields that are located at large absolute heights, the accuracy remained at 5-6 cm (due to the
atmospheric influence). It caused the exclusion of such areas from mapping and further thematic analysis.
Other valuable information which is extracted during the interferometric processing is an image of coherence values.
The coherence values characterize the consistency of two differently reflected signals and the stability of the object
surface in time. The higher the coherence values, the more accurately we can extract the surface displacement
values.
Thus, it is possible to delineate three results of interferometric processing, which can be used as sources for mapping
- coherence values, displacement values and absolute altitude values (digital elevation models).
Interpretation of coherence values implies an initial knowledge of the possible processes that occur with the object.
The mature lava field is the object of the volcanic region that most strongly reflects the radar signal and therefore it
stands out against the background of the surrounding terrain. Vodopadnoe and Leningradskoe lava fields serve as an
example in Figure 3. If the lava is liquid and continues to flow, it is impossible to calculate the coherence values for
such areas due to a strong decorrelation between two multitemporal reflected signals. For example, the Toludskoe
lava field in Figure 3.

Figure 3. The result of the coherence calculations for the image pair 26.06.2013-19.07.2013
The lava topography is actively formed during the eruption and after it ends. For example, the surface of the
Toludskoe lava field was actively formed in June-July 2013. It was cracked, so it is impossible to calculate the
coherence values for such areas. By August 2013, in the last month of the eruption, the proportion of cracking lava
decreased significantly, the surface of the greater part of the lava field has formed and demonstrated high coherence
values, enabling the detection of the surface subsidence due to thermodynamic processes.
In addition to information on the motion of the surface, the displacement values themselves can indirectly indicate
the presence of other volcanological processes or phenomena. Figure 4 shows the principle of lava channels
interpretation based on the displacement map. The comparison of lava channel locations which were detected using
the displacement map and the image in the middle infrared band of OLI/Landsat-8 showed the good agreement
between the two. The application of infrared and visible bands is possible only when the movement of liquid lava in
active channels continues, increasing the lava surface temperature relative to the surrounding areas. The detection of
the lava channels system from the surface displacements maps is possible even for several years after the eruption is
ended, while the thermodynamic processes are active.
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Figure 4. Results of lava channels interpretation using A- vertical displacements maps, B – OLI/Landsat-8 image
The other results of interferometric processing are digital elevation models. This method was used to calculate the
SRTM DEM, which in our study characterizes the Tolbachinsky Dol topography before the TTI-50. The optical
SPOT-6 stereopairs after the end of TTI-50, allowed us to create a DEM, characterizing the topography after TTI50. The difference between the two DEMs showed that the maximum thickness of the new lava fields exceed 80 m.
The average lava thickness is 13 m.
Since the eruption occurred during the snow-covered period, the contrast of the hot lava flow and cold snow allowed
us to reconstruct the dynamics of lava fields from the optical satellite imagery for the first months of the eruption.
We also noted that it is possible to identify periods and areas of lava thickness increase from the optical imagery.
Radar interferometry as an independent method of mapping
The analysis of the interferometric processing results dmonstrated that it is possible to identify parameters of
topography dynamics, some of which indicate the formation of mesorelief and others characterize the lava fields
microrelief. The large amount of remote sensing data made it possible to compare the capabilities of SAR and
optical imagery to obtain characteristics the topography dynamics (Table 1).
We have defined the list of mapping parameters (Table 1) which characterizes the volcanic topography dynamics
from two points of view. On the one hand, this is the growth of lava fields during the eruption (the formation of
mesorelief in the volcanic region), and on the other hand it is the change in their surface after the eruption (the
formation of the lava fields microrelief). It determines the two types of maps, a map of the lava fields growth and a
map of the surface lava formation.
Table 1. List of mapping parameters of volcanic topography dynamics based on interferometric processing
The process of lava
field formation

Mapping parameter

Step of interferometric
processing of SAR images

Dynamics of the lava
fields area
Movement of lava
material

Boundaries of lava fields for
different dates
Direction of movement for
lava flows; lava channels
location
Lava thickness

Calculation of coherence
values
Calculation of vertical
displacements

Lava thickness
increasing
Active formation of the
lava fields surface
Thermodynamic
subsidence of lava
material

DEMs before and after the
eruption

Lava surface cracking

Coherence calculation

Surface subsidence

Calculation of vertical
displacements

The possibility of
obtaining information
from optical imagery
Possible with limitations
Possible, directly in the
eruption period
Possible by using DEMs
built before and after the
eruption
Impossible
Impossible
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The baseline part of such thematic volcanological maps should contain information about the geological and
geomorphological conditions of the eruption. In our case, this includes the hillshade maps of Tolbachik volcanic
massifs (using the SPOT-6/NAOMI DEM), location of magmatic structures, and age of the past lava fields and
cones. The scale of the maps is 1:70,000, the projection of UTM (WGS-84), zone 57.
For the map of the lava field growth, the following content was defined: the boundaries of the lavas for different
dates, areas of increasing lava field thickness, direction of lava flows during the periods of thickness increase, the
active cones of TTI-50. Such a set of parameters allows us to illustrate the eruption dynamics. Maps of lava surface
formation should contain the following information: areas of cracking and subsidence of the lava field surface, lava
thickness, and lava channels location. Such mapping content demonstrates the processes of lava surface formation
(Fig. 5).

Figure 5. Example of a map lava surface formation for the period 29.06.2013-23.07.2013
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DISCUSSION OF THE RESULTS
Thematic mapping and further analysis of the maps enables us to explore the method of radar interferometry as an
independent mapping method. Thus, results of interferometric processing are DEMs and the surface displacements
values. If in the first case the DEM can be calculated for global, regional and local levels of mapping, then in the
second case it is almost always detailed mapping at the local level. It should also be noted that geographical features
of the territory (for example, vegetation or large heights) and the state of the atmosphere during the acquisition can
limit the calculation of surface displacements.
It should be taken into account that the spatial resolution of the satellite image defines the scale of the designed
maps. From this point of view, SAR imaged have its own peculiarity - any thematic processing, including
interferometric, leads to a deterioration of spatial resolution by several times. Accordingly, the scale of mapping
becomes smaller.
The dependence of the results of InSAR on a number of factors that are variable in time (for example, cloud cover at
the time of acquisition etc.) necessitates the analysis of the accuracy and reliability of the displacement values before
they can be used in the mapping and geographic analysis.
This study demonstrated the possibilities of obtaining both qualitative and quantitative characteristics of the volcanic
topography dynamics. Maps of the lava fields growth clearly demonstrate the mesorelief dynamics of the volcanic
regions. Maps of lava surface formation illustrate formation of the lavas microrelief. The two types of maps give us
a complete picture of the volcanic topography dynamics and new information about the current processes of the
topography formation of volcanic regions.
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Abstract
Airborne Light Detection and Ranging (LiDAR) technology has provided an efficient way to obtain topographic
information by measuring the reflected pulses with a sensor and laser scanner for 3D modeling of disaster area. The
A
main purpose of this study is to extract outlier points from raw data to produce terrain map modeling.
heterogeneous and mountainous terrain including the provinces of Artvin, Borçka and Ardanuç in Eastern Anatolia
Region of Turkey has been selected as the study area. In this area, 4 different sites were identified in different terrains.
Raw data analysis Framework (RDAF) and Adaptive Triangulation Irregular Network (ATIN) method was implemented
in this process for the first time to increase the data cleaning performance. As a result of the process, the performance
of the method was examined by calculating the errors. The ratios of outlier points to be removed from the data are as
follows according to the comparison with respect to reference data with this application: 60% for site-1, 25% for site-2,
33% for site-3, and 38% for site-4 have been cleaned from the data set. ATIN filtering method was applied to the
remaining points with the aim of removing the remaining outlier points. The outliers point were cleaned by %99 and the
performance of the process was greatly facilitated with these two methods.
Keywords: LiDAR, filtering, outlier point, RDAF, ATIN

1.INTRODUCTION
New techniques are constantly being explored about the representations of earth forms as nearest to reality. One of these
techniques is Airborne Light Detection and Ranging technology (LiDAR) which has developed in parallel with the
science of Remote Sensing. Today, the public and private sectors, engineers, surveyors, energy circles, natural
resource entrepreneurs are using LiDAR engineering applications on an International scale.
Due to the fact that the LiDAR data in the dense point cloud feature contains height (z) information in addition to the
planimetric (x, y) coordinate values, it is also considered as an appropriate data source for producing Digital Elevation
Model (DEM).
However, in order to obtain high accuracy DEM and classified data it is very important to clean the outliers point in the
raw data (Chen et.al. 2016).
Several studies with different approaches to LiDAR data filtering have been carried out until now. For example; Chen et
al. (2017) proposed reduse the effect of outliers and misclassified non-ground points. Fort this aim, they used robust
interpolation filter based on finite difference and predefined weight function. Chen et al. (2016) was proposed a robust
algorithm of multiquadric (MQ) methodology based on M-estimators (MQ-M) in order to reduce the effect of outliers
on DEM construction in other work. Hu et al. (2017) used model plausible trees method to create the best detail from
the point cloud. Also they used normalized cut method to segment an individual tree point cloud and secondly, trunk
points are added to supplement the incomplete point cloud and a connected graph is constructed by searching sufficient
nearest neighbors for each point. Li et al (2011) transformed laser points elevations into a histogram from 0 to 255
elevation scales. In their study, the histogram is split by some thresholds with a multilevel segmentation algorithm. In
the next step, unclassified laser points KD tree and searches the number of points around each laser point in given
querying radius. In other work, Li et al (2015) presents a novel algorithm of road detection of intensity data of LiDAR
point clouds. For the application, segmentation based filtering method was used to filter the Lidar data. Lv &Ren
(2015) proposed a novel automatic registration method based on depth map using point-feature based and line-feature
based registration on the processing. In addition, outliers are removed with a two-level random sample consensus
(RANSAC) algorithm to improve robustness and efficiency. Tian et al. (2012) aimed on the kernel density estimation
for removing the outliers. In implementation point cloud divided into many blocks and their methods combined
distance-based method with density-based method. Yi et al. (2017) presented a method which is automatic recontruction
of volumetric structures of urban building using raw LiDAR point data. They propose a novel algorithm, Spectral
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Residual Clustering (SRC), to extract the primitive elements within the contours of blocks from the sectional point set.
In their work, they used a divide-and conquer strategy to separate the grid point cloud data. Yong-Hua et al. (2017)
aimed to remove noise points and used appropriate correlation coefficient of the average distance between the 3D grid
side scan.
The objective of this study is to clean outlier points which will directly affect the classifications process and also
production of high precision models. For this purpose, Adaptive Triangulation Irregular Network (ATIN) filtering
method has been used (Axelsson, 2000). Before using this method, Raw Data Analysis Framework (RDAF) has been
applied as a new approach in this study.

2.STUDY AREA AND USED DATA
A forested area, encompassing the provinces of Artvin City, Borçka and Ardanuç in Eastern Anatolia Region of Turkey
was selected as the study area (Figure 1).
Four test zones were selected in this area which distributed through different geographical characteristics depending on
natural and artificial objects in addition to the plant cover ratio on the land surface.

Figıre 1. Study area
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Table 1. Raw LiDAR data system parameters
System Parameters
Airspeed
Flying height

110knot (203 720 km/h)
1000m (3281 feet)

Average swath width

1154m

Scan angle
Pulse repetition rate

60°
100 000 (1/sec)

Beam divergence angle

0.5mrad

Raw point density

2.4 point/m2

Footprint diameter

1m

Nominal point spacing

0.87m

LiDAR data which was used in this study, obtained between 8.32 and 11.52 hours on June, 08th 2011 and between 6.56
and 11.37 hours on June 06th 2011, on the Artvin-Borçka-Georgia route. A Riegl LMS-Q560 LiDAR scanner was used
for the flight. The system parameters of the data used in he study have been in Table 1.

3.METHOD
In this study, it is aimed to improve the performance of the ATIN method and the extraction of noisy points from the
raw LiDAR data as a land feature in a steep, heterogeneous and forested area. The following process steps have been
carried out for this intended target.
•

Reference data were generated manually using TerraSolid (Soinian, 2015) software using raw LiDAR data.

•

For this implementation, orthophoto, google earth etc. were used. Raw data analysis was performed.

•

As method, a height diagram and a data distribution model were created.

•

ATIN method was applied after RDAF analysed data. The search radius parameter was used as the parameter
value. From the results obtained, the error percentages of the outlier points were calculated.

4.RESULTS
4.1 RDAF Framework
Raw LiDAR data contains noisy point in addition to real earth points. Those points named outlier points that is
originate from low flying and multiple reflections, sensors, dust, bird etc. objects in the sky. At the same time, these
points have elevation values that are lower or higher than the real earth elevation (Matkan et.al., 2014).
It is absolutely necessary to extract these points before proceeding to classification. The presence of these points that do
not represent real earth points will affect both geometric and DEM accuracy.
Firstly, reference data were generated by way of used manually to process raw data. Secondly, RDAF method was
performed .
The creation of the data distribution chart is done as follows. Places where the dense point cloud is shows the real earth
in the data distrubition chart. The points outside the density set were chosen as possible outlier points.
Approximately, two parallel lines were drawn which is contained with a cluster of dense point clouds (Figure 2). The
minimum and maximum heights corresponding to the height axis were determined for each test site.
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Figure 2. Data distribution chart and height diagram for test sites, a) Test1 b) Test2 c)Test3 d) Test4
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Table 2. Height values results from data distribution model

Test-1

Test-2

Test-3

Test-4

Reference -filtered
difference (m)

Raw data

Reference data

Filtered data

(m)

(m)

(m)

Min. h

469.35

98.24

99.25

1.01

Max. h

1750.45

414.82

410.30

7.52

Min. h

-204.45

196.22

195.80

-0.42

Max. h

1981.96

585.80

582.20

-3.60

Min. h

885.58

1036.02

1120

83.98

Max. h

2732.64

1518.38

1500.20

-18.15

Min. h

158.51

464.94

468.00

3.06

Max. h

2188.81

841.63

840.50

1.13

These determined heights were compared with the real heights in the reference data and the differences were found
(Table 2). Higher and lower height values which is outside the two parallel lines were removed. Those points out of
the threshold were considered outlier points. As a result, these points below and upper the threshold value were
removed before using ATIN method.

4.2 ATIN Method
ATIN method was applied to remaining points (Axelsson, 2000). As a parameter value the search radius parameter is
used (Table 3). A threshold value was selected 0.3m.
Table 3. Parameters used for outlier point extraction in ATIN method

Parameter

Search radius parameter

Threshold

(m)

(m)

A

10

0.3

B

15

0.3

C

20

0.3

A group of outlier points were extracted with the RDAF analysis which is applied to the raw LiDAR data. The ATIN
filtering method has been applied to extract outliers that can not be extracted by this method. An accuracy analysis was
performed to test applied method. The inlier points correctly filtered in both reference data and filtered data were called
an “a” point. The point that was an inlier point in the reference data but which was identified as an outlier point in the
filtered data was called a "b" (false inlier) point. The point which was an outlier in the reference data, but was
identified as an inlier point in the filtered data was called a "c" (false outlier) point. In addition, the points which were
identified as outlier points in both the reference and filtered data were called "d" (correct outlier) points (Matkan et.al.,
2014); (Table 4).
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Table 4. Accuracy analysis parameters

Filtered data

inlier

outlier

Referans data

inlier

a (correct inliner)

outlier

c (false outlier)

b (false inlier)

d (correct outlier)

As a result of the comparison made with respect to the reference data in the performed filtering process, Type-I errors
denoted those errors due to a wrong indication of inlier points whereas Type-II errors denoted those due to a wrong
indication of outlier points
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Figure 3. Surface Model which is before and after outlier filtering for test sites, a) Test1 b) Test2 c)Test3
Test4

d)

787

Proceedings, 7th International Conference on Cartography and GIS, 18-23 June 2018, Sozopol, Bulgaria
ISSN: 1314-0604, Eds: Bandrova T., Konečný M.

Table 5. Accuracy analysis parameters
Reference
data
parameter

RDAF filtered method

ATIN filtered method

Before

After

With

RDAF

RDAF

RDAF

a

b

c

d

(ATIN
+

Type-I

Type-II
RDAF)

Point number
1

2

3

4

A

%

1096

0.3097

0.0021

99.68

B

979779

2030

21

1111

0.2065

0.0021

99.79

C

980711

1093

22

1115

0.1112

0.0022

99.89

795822

281

59

569

0.0353

0.0074

99.96

B

795872

229

62

568

0.0287

0.0078

99.96

C

795905

190

62

574

0.0238

0.0078

99.97

852126

594

4

696

0.0696

0.0005

99.93

B

852206

474

24

716

0.0555

0.0028

99.94

C

852283

385

30

722

0.0451

0.0035

99.95

1044603

311

4

894

0.0297

0.0004

99.97

B

1044626

282

10

894

0.0270

0.0010

99.97

C

1044634

264

10

904

0.0252

0.0010

99.97

A

A

851342

1044159

854409

1046804

796731

853420

1045812

60

%

21

797371

982941

%

3044

759869

986615

Point number
978780

A

980575

%

25

33

38

Table 5 shows the results of Type-I and Type-II errors obtained as a extraction of outlier points from raw data. It was
observed following an evaluation of the acquired results that Type-I error percentage resulted in higher values in
comparison with Type-II error percentages for both inlier and outlier point. The large search radius (parameter C) is
better than the small search radius (parameter A and B) as a parameter value.
The ratios of outlier points to be removed from the data are as follows : 60% for site-1, 25% for site-2, 33% for site-3,
and 38% for site-4 have been cleaned with RDAF method from the raw LiDAR data set. Accuracy analysis was done
according to the reference dataset. ATIN filtering method was applied to the remaining points to cleaning all outlier
points. As aresult, the outliers point were cleaned by %99 and the performance of the process was greatly facilitated
with these two methods.

5. DISCUSSION
In the map production studies; especially in highly heterogeneous landscapes with high slopes, woodland and dense
vegetation; it is very difficult to create a product with high geometric accuracy.
In this study, it is intended to show the availability of Airborne LiDAR technology at rate the exraction of outliers
point that directly affect the accuracy of classification. When the results are evaluated; an accuracy of 100% has not
been achieved in the method for outlier point extraction from LiDAR data. In order to increase geometric accuracy and
to minimize model errors, it is very important that these points be removed completely. However, it is inevitable to
apply manual methods to remove outliers that can not be removed. Since the LiDAR data contains a large number of
irregular point clouds, it is difficult to produce a 100% accurate result. That's why; at least some additional methods
should be developed to reduce the manual editing minumum.
In this study, histogram diagram and data distribution graph were applied to support ATIN method.Thus, planning and
especially mapping of the disaster area will be implemented with LiDAR technique which makes it possible to obtain
fast and three-dimensional coordinates in all types of terrain.
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Abstract
Abandoned agricultural land (AAL) is a widespread phenomenon in the countries of Central and Eastern Europe where
large tracts of agricultural land were left uncultivated following the collapse of socialism. Remote sensing and
geographic information system (GIS) provide powerful tools for mapping and analysis of AAL at various spatial and
temporal scales. Here we present an approach to AAL extraction from Sentinel-2A satellite imagery, provided
in the frame of European Copernicus program. This study aims to investigate and map the spatial distribution of AAL
on the foothill of Little Carpathians and in Danubian Lowland, Slovakia. Supervised maximum likelihood classification
was used to identify AAL polygons. Aerial orthophotos were used along the classified Sentinel images to support this
goal and accuracy assessment. The presented case study showed the possibilities of semi-automatic extraction of AAL
from Sentinel-2A data that may improve the transfer of scientific knowledge to the local agri-environmental monitoring
and management.
Keywords: Abandoned agricultural land, Sentinel-2A, vegetation indices, supervised classification, Danubian Lowland

INTRODUCTION
Agricultural abandonment is an important land use process in many world regions and one of the dominant land use
change processes in Europe (Prishchepov et al. 2013, Alcantara et al. 2013, Zanden et al. 2017, Yin 2018). Land
abandonment can be driven by multiple causes including decreased productivity, rural-urban migration, abandonment
of agricultural practices by an ageing population or the land is no longer suitable for agricultural production. Recent
studies on this topic in Europe showed that agricultural abandonment primarily occurs in less productive areas, remote
and mountainous regions and areas with soil erosion or other unfavourable conditions (Mottet et al. 2006, Rey Benayas
et al. 2007, Pazúr et al. 2014). Secondary drivers of agricultural abandonment include rural depopulation and regional
specific factors regarding land ownership and tax regimes (Zanden et al. 2017). However, Gradinaru et al. (2015) point
abandonment of agricultural land around cities related to urban sprawl that is driven by increasing land prices and
fragmentation of farmland.
Abandoned agricultural land is defined as agricultural land used for crops planting, hay and livestock grazing for Time I
but no longer used for Time II and thus often covered during the latter period by non-managed grasslands with early
successional shrubs and trees (Prishchepov et al. 2013). Majchrowska (2013) define farmland abandonment as cessation
of farming activity on a given surface of the land. This process can have both positive and negative outcomes and the
consequences differ per location and scale (Rey Benayas et al. 2007). Negative effects relate to the reduction of land use
mosaic and consequently landscape heterogeneity as well as loss of economic stability within a region. Positive
outcomes are related to the effect of revegetation that increases carbon sequestration by means of woody biomass
increase and new wilderness areas suitable for many species (Navarro, Pereira 2012).
Land abandonment is not a static final state but the transitional stage that can result in different trajectories of land
cover change with varying long-term outcomes. To study the process of agricultural landscape abandonment, current
information about the quantities, qualities and spatial configuration of AAL are needed. The most recent data
on the land cover are available from Sentinel-2A (S2A) – the high-resolution optical Earth observation mission
developed within Copernicus program. The mission is intended to monitor variability in land surface conditions, and its
high revisit time support monitoring of changes to vegetation within the growing season (Rosina, Kopecká 2016).
Several factors contribute to the differences in abandonment estimates, including differences in time periods assessed,
varying abandonment definitions and limitations of official statistics on abandonment. In addition, a major reason for
the uncertainty is that abandonment patterns are heterogeneous. In this study, our goal was to explore the potential of
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S2A satellite imagery for agricultural abandonment mapping at the local level and to map the abandoned polygons
across selected study area on the foothill of Little Carpathians (Malé Karpaty Mountains) and in Danubian Lowland
(Podunajská Nížina Lowland), Slovakia.
Specifically, our research questions were:
1.

What is the accuracy of the S2A semi-automatic AAL classification at the local level?

2.

In which phase of the vegetation period is AAL mapped with the highest accuracy?

DATA AND METHODS
Used S2A multispectral data represent 13 spectral bands with a swath width of 290 km and spatial resolutions of 10 m
(three visible and a near-infrared band), 20 m (6 red-edge/shortwave infrared bands) and 60 m (3 atmospheric
correction bands). For further processing, we used bands with 10 m spatial resolution, according to specification for
S2A bands: blue (0.490 µm), green (0.560 µm), red (0.665 µm) and NIR (0.842 µm). S2A data are available from mid2015 from the Copernicus Open Access Hub (ESA 2015). As the first step, cloud-free S2A scenes acquired in 2017
on May 11, July 20 and September 08 were downloaded from Copernicus Sentinel Scientific Data Hub
(https://scihub.copernicus.eu/dhus/). We used orthorectified and radiometrically corrected images. The highest
processing level available for download is 1C – radiometrically corrected and orthorectified images. Since the study
areas represent only a small fraction of the respective scene’s footprint, we have assumed constant atmospheric
conditions and no atmospheric corrections were applied. The S2A data processing was performed using ESA SNAP 6.0
software. A true colour (red-green-blue) (RGB) composite of the images is displayed in Figure 1.
a

b

c

Figure 1. True colour composite of S2A images a) May 11 b) July 20 c) September 08
Spectral reflectance data were used for calculating 4 vegetation indices (Table 1): the Simple Ratio, SR (whose value
increases due higher amount of green vegetation in the pixel (Jordan 1969)), the Normalized Difference Vegetation
Index, NDVI (is a measure of above ground live biomass quantity, with the highest values corresponding to dense green
vegetation (Gradinaru et al. 2017, Rouse et al. 1974)), the Green-Red Vegetation Index, GRVI (used to identify green
vegetation from other surfaces, while is very useful in identifying spring leag blotch and autumn leaf colouring
(Motohka et al. 2010)), the Green Chlorophyll Index, CIGreen (is derived from a conceptual model of the reciprocal
reflectivity which allows the isolation of coefficient of the pigment of interest from reflectance spectra that is useful for
gross primary production in crops (Gitelson et al. 2005)). All mentioned vegetation indices were calculated from bands
which were specified earlier.
Table 1. Vegetation indices evaluated in the study
Index
Simple Ratio
Normalized Difference Vegetation Index
Green-Red Vegetation Index
Green Chlorophyll Index

Formulation
𝜌𝜌𝑁𝑁𝑁𝑁𝑁𝑁
𝑆𝑆𝑆𝑆 =
𝜌𝜌𝑅𝑅𝑅𝑅𝑅𝑅
𝜌𝜌𝑁𝑁𝑁𝑁𝑁𝑁 − 𝜌𝜌𝑅𝑅𝑅𝑅𝑅𝑅
𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 =
𝜌𝜌𝑁𝑁𝑁𝑁𝑁𝑁 + 𝜌𝜌𝑅𝑅𝑅𝑅𝑅𝑅
𝜌𝜌𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺 − 𝜌𝜌𝑅𝑅𝑅𝑅𝑅𝑅
𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺 =
𝜌𝜌𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺 + 𝜌𝜌𝑅𝑅𝑅𝑅𝑅𝑅
𝜌𝜌𝑁𝑁𝑁𝑁𝑁𝑁
𝐶𝐶𝐶𝐶𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺 =
−1
𝜌𝜌𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺

Reference
Jordan 1969
Rouse et al. 1974
Motohka et al. 2010
Gitelson et al. 2005
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We classified S2A data into four main classes (Alcantara et al. 2013): active agriculture (subclasses: arable land,
pastures and permanent crops), forest, abandoned agriculture and other (subclasses water and urban areas). Abandoned
agriculture included cropland and pastures that were likely actively farmed in the socialist period, but covered by
successional vegetation (e.g. grasslands, shrubs) when the satellite images were recorded, showing no signs of
management such as plowing, mowing, intensive grazing. A supervised approach was used to obtain higher accuracy –
a set of manually pre-classified training samples was used to train the automatic classifier. A sufficient number of
sample plots located evenly in the study area were created for each of the land cover classes/subclasses (Table 2).
In the process of selecting training samples for supervised classification of the S2A imagery, auxiliary data were used.
Training samples were situated on the parcels excluded from Land Parcel Identification System (LPIS) between 2004
and 2015 (except for built-up areas). LPIS is the key component of the Integrated Administration and Control System
for agricultural subsidies. It is a useful tool to determine the eligibility of agricultural land based on aerial photographs.
A unique number is given to each land parcel to provide a unique identification in space and time. This information is
regularly updated to monitor the evolution of the land cover and the crop management.
Created training samples were validated by measuring the distance between quantitative variables. Jeffries-Matusita
spectral distance was used for evaluating the spectral distance, which calculates the separability of a pair of probability
distributions. The most suitable exploitation is for using the Maximum Likelihood classification algorithm. The JeffriesMatusita spectral distance was explained by Richards and Jia (2006). The Jeffries-Matusita spectral distance is
asymptotic to 2 when signatures are completely different, and tends to 0 when signatures are identical. Calculation of
the spectral distance was performed by semi-automatic classification plugin for QGIS (Congedo 2016).
Table 3 illustrates the difference between the Jeffries-Matusita spectral distance calculated directly from S2A native
10 m spectral bands and using the vegetation indices.
Table 2. Number of training sample pixels used for S2A classification
Class

Abandoned
agriculture

Subclass

-

Arable

5474

30480

247

10.23%

56.96%

0.46%

Number of training sample
pixels
Percentage of training
sample pixels

Active agriculture

Forest

Pastures Permanent crops

Other

-

Water

Urban

1412

12041

752

3109

2.64%

22.50%

1.41%

5.81%

Finally, the commonly used maximum likelihood classifier was employed to perform the per-pixel classification using
ESRI ArcGIS Desktop 10.5 software (Figure 2). This parametric classifier using a normal distribution of values could
describe the position of the training set by its average values size by means of scatter values and shape and orientation
by means of covariance. Based on the calculated parameters, the classifier could calculate the statistical probability of
the unknown pixel’s belonging to the given training set. This is shown in the 2D space as elliptical probability isolation.
Pixels in each class are ranked according to the highest probability of membership (Mičietová et al. 2008).
Classification output was modified by removing raster polygons smaller or equal than 4 pixels per area using GDAL
Sieve algorithm. The value of removed pixel was replaced with the value of the largest neighbour polygon.
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Figure 2. Scheme of the S2A image classification and validation
Using the tools for post-classification accuracy assessment in ArcGIS Desktop 10.5 we created 200 randomly sampled
points that were compared with the classification results at the same locations and aerial orthophotomaps from 2017.
Results of accuracy assessment for each image are presented in Table 4. The diagonal values represent correctly
classified pixels. The ratio of their sum to the total number of tested pixels gives the total accuracy of the classification.
It is calculated by dividing the total number of correctly classified pixels by the total number of reference pixels.
User’s accuracy (errors of commission – rows of the table) indicates the probability that prediction represents reality – it
shows pixels incorrectly classified as a given class. It is calculated by dividing the number of correctly classified pixels
in each class by the total number of pixels that were classified in that class. On the other hand, Producer’s accuracy
(errors of omission – columns of the table) indicate the quality of the classification of training set pixels – it shows
pixels of a known class classified as something else. It is calculated by dividing the number of correctly classified pixels
in each class by the number of training set pixels of the corresponding class.

STUDY AREA
The study area covering 99 km2 is located on the foothill of Little Carpathians, a low mountain range situated in West
Slovakia. The mountains are surrounded by Danubian Lowland in the east and Záhorie Lowland in the west (Figure 3).
The highest peak is Záruby (768 m a.s.l.). The mountains are densely forested by broad-leaved trees (dominated by
beech and oak). However, the foothills in the southeastern part have been traditionally one of the most important centers
of viticulture in Slovakia. The vineyards at the SouthEastern slopes represent a preserved element of the historical
structure of the agricultural landscape. Through long-term vineyard cultivation, unique small-scale landscape elements
have been formed. These elements are specific for this region and include a variety of narrow-band terraces, stone
mounds or bulwarks, small stone walls and heaps and stone vineyard sheds (Krivosudský 2014). New terrace
landscapes were created in the period of socialism in the second half of the twentieth century and are intensively
managed. They usually consist of a vineyard monoculture. However, some of them were abandoned and overgrown
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with woody vegetation after 1990 (Špulerová et al. 2017). The eastern part of the study area situated in Danubian
Lowland is used for intensive agricultural production, prevailingly on arable land.

Figure 3. Location of the study area (Digital Elevation Model Over Europe — EU DEM — Source:
http://land.copernicus.eu/pan-european)

RESULTS
Abandoned farmland is widespread across all the study area, totally 946.49 ha, which is equal to a share of 9.6% of the
total area (Figure 4). Compared to the data from LPIS database, the area of abandoned land is nearly twice as large
(493 ha). However, LPIS does not include the agricultural areas abandoned during the first years after the fall of
socialism (1990-2003). The most extensive parts are represented by the former vineyards where the original
cooperatives ended large-scale farming and they were returned to the original landowners.
Table 3 illustrates the effectivity of using vegetation indices because of relatively low spectral difference between
training samples using only four native spectral bands from S2A. Jeffries-Matusita spectral distance lower than 1.85
could dedicate unsuitability for approving spectral difference between training samples. This unsuitability does not
allow acceptance for classification. Calculated difference between vegetation indices usage and without it showed that
especially between the classes Abandoned agriculture and the Active agriculture is crucial.
Table 3. Jeffries-Matusita spectral distance between training samples
Class

Active agriculture
Method

July

Sept.

May

July

Sept.

May

July

Sept.

1.814

1.814

1.688

0.967

1.962

1.816

1.956

1.952

1.871

1.995

1.998

1.989

1.721

1.998

1.997

2.000

2.000

1.998

-0.181

-0.184

-0.301

-0.754

-0.036

-0.181

-0.044

-0.048

-0.127

VI = Ø

1.802

1.958

1.947

1.573

1.477

1.164

VI = 1

1.999

2.000

2.000

1.935

1.940

1.849

diff.

-0.197

-0.042

-0.053

-0.362

-0.463

-0.685

1.933

1.987

1.987

Abandoned
VI = 1**
agriculture
diff. ***

VI = Ø
Forest
*

Other

May

*

VI = Ø

Active
agriculture

Forest

VI = 1

2.000

2.000

2.000

diff.

-0.067

-0.013

-0.013

without usage of vegetation indices; ** usage of vegetation indices; *** difference

The overall accuracy indicates the quality of each land cover map classification. The accuracy assessment of land cover
maps based on the three S2A images suggested the highest overall accuracy in July – 82.5%. The class Abandoned
agriculture has the Producer’s accuracy 95% and the User’s accuracy 78% (Table 4). The accuracy level reached in July
is corresponding to the increase of 9.6% compared to May (72.9%) and then it decreased by 9.5% in September (73%).
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Table 4. Results of supervised classification accuracy assessment of S2A images
a) May 2017 b) July 2017 c) September 2017
a)

Abandoned agriculture
Active agriculture
Forest
Other
Total
Producer’s Accuracy
*

Abandoned
agriculture
24
3
1
0
28
0.86

Active
agriculture
12
43
1
18
74
0.58

Forest

Other

Total

10
0
48
1
59
0.81

4
4
0
30
38
0.79

50
50
50
49
199*

Forest

Other

Total

6
2
49
1
58
0.84

1
3
0
33
37
0.89

50
50
50
50
200

Forest

Other

Total

8
1
48
5
62
0.77

6
2
0
35
43
0.81

50
50
50
50
200

User’s
Accuracy
0.48
0.86
0.96
0.61
0.729

one sample point was excluded due to a cloud

b)

Abandoned agriculture
Active agriculture
Forest
Other
Total
Producer’s Accuracy

Abandoned
agriculture
39
1
1
0
41
0.95

Active
agriculture
4
44
0
16
64
0.69

Abandoned
agriculture
24
8
1
0
33
0.73

Active
agriculture
12
39
1
10
62
0.63

User’s
Accuracy
0.78
0.88
0.98
0.66
0.825

c)

Abandoned agriculture
Active agriculture
Forest
Other
Total
Producer’s Accuracy

User’s
Accuracy
0.48
0.78
0.96
0.70
0.730

Figure 4. Land cover classification of the study area based on S2A image (July 20, 2017)
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The highest number of misclassified sample point was represented by the wrong classification of the vineyards or arable
land without vegetation (tilled soil or stubble fields) as impervious surfaces (class Active agriculture classified as
Other), both in May and in July. In September and May we recorded relatively high share of sample points representing
Abandoned agriculture classified as Active agriculture (Table 5). Misclassified pixels will be analysed during further
research.
Table 5. Results of supervised classification accuracy assessment of S2A images
Class

Active agriculture

Month

May July Sept. May July Sept.

Abandoned agriculture
Active agriculture
Forest

15

5

20

Forest

Other
May

July Sept.

11

7

9

4

1

6

1

2

2

22

19

12

1

1

5

It is worth of mentioning that relatively high accuracy of AAL mapping is affected by some specific features of the
study area, especially the high share of abandoned permanent crops with dispersed woody vegetation. These areas are
more suitable for the supervised classification than abandoned arable land in an initial stage of succession.

CONCLUSION
Understanding the spatial patterns of AAL is important for the assessment of the landscape potential to contribute not
only to food production but also to other ecosystem services like biomass production or carbon sequestration. The better
understanding of the AAL patterns is also important to assess the tradeoffs between recultivating currently abandoned
farmlands or letting them revert to forests.
The presented case study showed the possibilities of semi-automatic extraction of AAL classes based on S2A images
and proved the effectivity of the vegetation indices usage in the supervised classification. Frequent revisiting time and
relatively high spatial resolution of the images are the most important advantages of Sentinel mission. We compared
accuracy assessment of land cover maps derived from spring, summer and fall images on the local level. The most
accurate results have been achieved using the July images.
The results highlighted widespread AAL across the study area. Our future research will be oriented to the improvement
of the employed semi-automatic method of AAL mapping using of Support Vector Machine (SVM) classifier and
eventually the enhancement of its accuracy using multiseasonal approach (combination with Sentinel-1 Synthetic
Aperture Radar Data). Knowledge of the AAL spatial structure will allow subsequent analysis of the AAL determinants
(e.g. altitude, slopes, the distance for settlement, soil fertility, inaccessible areas, etc.) driving forces of abandonment
and adoption of effective preventive measures.
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Abstract
Cooperation of using Geographic Information System (GIS) and photogrammetric aspects have an influent affect on
geographical and geological applications since long. Developing analysis techniques are useful for determining dried
stream beds in order to detect possible mineral deposits. In this paper, GIS analysis on the Digital Elevation Model
(DEM) data such as calculating height, slope, and aspects is performed in the selcted region, and also satellite image
is used for creating 3D model of the site area. Kahramanmaras city is selected as the site area for the analyze. In the
result of the study, site area is classified with two different model for estimating higher and lower potential dried stream
beds with using GIS analysis. The land cover and land use map results are also combined with the 3D model of the
region for geovisualization of potential dried stream beds. In the site area, field work is also done for collecting some
sample geological samples. Also, these sample points assisted for the study of 3D model of the potential dried stream
beds results. In the conclusion section, the results are discussed for evaluating potential mineral deposits in the region.
Usage of these land cover and land use maps are predicted for the decision-making process of geological engineers.
Keywords : 3D Modelling, Geographical Information Systems, Digital Elevation Model
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INTRODUCTION
Depending on the advances in high technology devices, the demand for Rare Earth Elements (REE) is raising
continuously for a couple of decades. The REE production can be divided into three eras. Monazite place era (till
1950’s), Mountain Pass (carbonatite) era (till 1980’s) and Bayan Obo (carbonatite) era (recent). Although, the mass
production for Light Rare Earth Elements (LREE), (lanthanum (La), cerium (Ce), praseodymium (Pr), neodymium
(Nd), samarium (Sm), europium (Eu) and gadolinium (Gd)) are related with large carbonatite complexes. Also, the
Heavy Rare Earth Elements (HREE) (yttrium (Y),terbium (Tb), holmium (Ho), erbium (Er), thulium (Tm), ytterbium
(Yb), lutetium (Lu)) production heavily relies on placer and ion exchange deposits. The primary exploration technique
is taking examples from stream beds which are related with old metamorphic or acidic magmatic rocks. Stream bed
sampling is an easy way to find out heavy mineral deposits, (HREE, magnetite, zircon or gold). However, the cost for
geochemical analysis and other field work expenses can be cut down with the use of remote sensing techniques. These
techniques can assist for detecting potential dried stream beds. In the case of streams are able to carry REE inside, and
especially on the stream meanders (the way of the water changes in sudden) and HREE remain on these side of stream
meanders mostly. In field surveys, geologists collect random samples especially inside corner of these stream meanders.
Because, depending on the velocity decreasing on these corners and being heavier than flowing water, HREE stand on
stream bed beyond continuing within flowing water any more.
Firstly, geologists do reconnaissance about possible placers all around the fields before going to field works. Moreover,
they mostly peruse thematic geological maps (land cover maps) if the maps of study area are produced before. Besides,
geological maps, other auxiliary data aid for making decisions about field. After researches on the middle scaled maps,
for producing larger scaled maps of the field and detecting geological important side, the field work is needed. These
field works take a lot of time, also cost big amount for extended fields and areas. These field works include collecting
samples from the side areas with a team, who continue collecting samples with ground surveys aided GPS in order to
list of sample points’ coordinates. Furthermore, after field works, analysis of samples would take more time and cost
big amounts again. Reducing total amount of the costs for these investigations and also for time-saved researches;
remote sensing technologies are advantageous sufficiently. As well to exploration field works of geological studies,
remote sensing technologies give adequate results for several stages of geological studies with using image processing
methods on satellite images. These techniques vary and consist of image processing and surface analysis. Using DEM
data and obtaining 3-D model of the area can lead the classification step for an approach to potential stream beds. This
study investigates about 3-D model of the area and surface analysis on the model in order to investigating of the
potential stream beds for future geological field surveys.

RELATED WORKS
Throughout the years, the mineral deposit has significant researches about The morphology of streams are playing
crucial role for exploring mineral deposits. Defining topography in highly manner and quantitative analysis on the
surface models are some of the approaches. According to S. Trevisani et al., slope index is valuable and can be used for
identification the channel profile in generally in the case of preparatory for geostatistical calculations that is used more
channel bed roughness [1].
Additionally, slope analysis, there are several surface analysis methods for producing surface models. Obtaining highresolution topographical model aid to evaluating the stream beds, as well. S. Trevisani et al. claimed that, directional
variograms in the flow way and local changes showed that, has significant role for identifying morphologic situations
like steps, pools and clusters of large boulders [1].
Researches and applications are increasing by time on these field of surveys and sectors invariably. Also, scientific
studies are continuing to produce robust results about the subject day by day.

DATA AND METHODS
In the study satellite image and Digital Elevation Model (DEM) are used for the processes as data. Satellite image
acquisition date is 3th March 2017. Spatial resolution of SPOT 7 image is 1.5 meter. As DEM data ASTER GDEM is
used for the study. It is estimated 20-meter accuracy for vertical axis at %95 confidence and 30-meter accuracy for
horizontal axis at %95 confidence for ASTER GDEM [2]. In the study, 3-D model is obtained at first. Then, different
surface analysis techniques are performed for weighted overlay analysis model. In surface analysis, calculating slope,
obtaining aspect and hill shades of the selected area are main analysis. After these operations, potential stream beds are
obtained on the model. Moreover, the classification step is applied of showing three different classes for potential
stream beds according to multi-criteria analysis on the model.

802

Proceedings, 7th International Conference on Cartography and GIS, 18-23 June 2018, Sozopol, Bulgaria
ISSN: 1314-0604, Eds: Bandrova T., Konečný M.

Digital Elevation Model
A digital elevation model (DEM) can be defined as a two-dimensional discrete function of elevation of the topographic
surveys. DEM is a less costly and objective method than traditional terrestrial methods and visualization methods in
terms of land component detection. It is a valuable resource for landscape characterization and soil mapping [3].
Digital elevation modelling emerged in photogrammetry In1950s. And, digital elevation models (DEMs), twodimensional discrete functions of elevation, became main source of information on topography. Currently, digital
terrain modeling is used to solve various multiscale problems of geomorphology, hydrology, remote sensing, soil
science, geology, geophysics, geobotany, glaciology, oceanology, climatology, planetology, and other disciplines [4].
With the developing technology, many new methods have emerged for creating DEMs. High resolution DEMs can be
obtained due to progress in GNSS, LIDAR surveys and Structure from motion (SFM) techniques. In addition, quasiglobal DEMs can be also produced using satellite images such as ASTER GDEM and SRTM1. In this paper, ASTER
GDEM data is used to analysis of topographic surface [2]. ASTER GDEM was developed by Ministry of Economy,
Trade and Industry (METI) of Japan and the United States National Aeronautics and Space Administration (NASA).

APPLICATION
Aim of the Study
One of the most important reasons why geologists work on the field is the search for new mineral deposits. The
technological developments in recent years lead to a big demand for REE (Rare Earth Elements) due to their usage on
electronic devices. Therefore, a working field in Kahramanmaras - Göksun province, Gücüksu district is chosen. The
study area is a suitable environment for a placer type deposition for HREE (Heavy Rare Earth Elements) due to the
presence of a Late Cretacous, syncollisional- I type Esence granitoid [5]. The samples gathered form the study field
which includes distal zones of altered granite body show a significant enrichment in some of the HREE such as Yttrium
(45-63 ppm), Ytterbium(5.5-7.1 ppm ) and Erbium (5.5-7 ppm). Compared to some other REE enrichments in Turkey
(i.e. Isparta Gölcük Volcano) [6], [7], [8]. It is clearly observed that HREE are enriched by ~2.5 times. In contrast,
geochemical analyzes have revealed that LREE such as La and Ce are very low in concentration (app. 6 times low
concentration). Considering the geology, geomorphology and geochemical analysis of the study area, it is highly
probable that placer or ion absorption type HREE deposition occurred. Remote sensing data will be helpful for
determining possible deposition zones, especially in recent or old stream beds.

Three Dimensional (3D) Model
Three Dimensional (3D) model is produced with using satellite image and DEM data. ArcMap toolbox is used for this
application. Geovisualization of Land Use and Land Cover (LULC) is more obvious on the 3D model. Also, with this
separability of the model is superior than 2D raster image. Besides, surface analysis and classification step, LULC
classes seem more apparently on the 3D model. In the figure 1 the East aspect of the 3D model is shown. South facade
of the model is shown in the figure 1 below.

Figure 1. (on the left) East and (on the right) South aspects of 3D model of the site area
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With using 3D model, surface analysis is performed for the site area in order to estimating specifications of the surface.
Slope, hill shade, profile, aspect and curvature analysis are completed and collocated for estimation. These kind of
quantitative analysis enable evaluation of the earth surfaces with obtaining topography knowledge in high resolution.

RESULTS AND DISCUSSION
On the study area, it is expected that there are several dried main channels and small streams near hills and above the
urban area. It is known that, these stream beds carry many kind of minerals from placer on the Earth. The important side
is these minerals stay in which points on the streams. Generally, the heavy minerals stay behind when the stream
velocity changes due to topography and surface changes on the stream beds. Especially, inside corner points of the
meanders are important for collecting geological samples. Geologist can easily and effectively use LULC maps,
geological maps as well. In the result of the surface analysis and classification, they can save more energy and cost from
long duration of the traditional methods that using theodolites and collecting sample points from the fields randomly.
According to these aims, significant surface analysis is performed as slope, aspect, hill shade, curvature, profile on the
same area. Slope and hill shade analysis maps are shown in figure 2 below. For all surface analysis, maps are produced
as base-maps for geologists. Furthermore, for these kind of studies, using more accurate DEM data or elevation data can
give more proper results with reducing the bias on the calculations of the models.

Figure 2. Surface analysis map samples
In the result of the study, two different model are obtained with using overlay weighted analysis. As ınput to the
modeler, chosen surface analysis are used. In the Model I surface analysis are used in equal weighted for overlay
weighted analysis. As a result, 5 different classes is obtained. These class have meanings about sudden and considerable
changes on the topography. This means, the minerals of the stream is able to stay on the critical points. Geologist can
use these model maps as a guide for choosing sample points on the field. In model II, different weights are given to the
modeler as surface analysis input. Furthermore, in the end of the results of model II has 4 classes are obtained for
decision makings of potential stream beds with minerals. Model 1 and model II is shown in figure 3 below.
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Figure 3. Model-I Model-II Classification Results
Especially, when the low class number and the high class number is near on the maps, there is a sudden and significant
change on the topography in the regions. That pixel means, if they also infer a dried river on the field, possible mineral
deposit points can be detected. In the future studies, these maps are aimed to be used for collecting geological samples
and evaluating the results in scientifically. If the samples contain, wanted HREE and LREE on the site areas, the field
studies can gain more effective and cost-saved way, as well.
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Abstract
In this paper, the dynamics of built-up areas over the past 30 years in principal cities (the actual population of more
than 100,000 people) in southern Chile is analyzed according to Landsat satellite imagery data. The area of built-up
territories increased by 244% in Puerto Montt, and the lowest by 14% in Punta Arenas, and in the same time period,
the population in cities grew by 151% and by 28%, respectively. It was revealed, that given differences depend on the
geographical, economic and administrative status of cities in the region of our study.
Keywords: Chile, urban area, Landsat.

INTRODUCTION
The urban environment is the most dynamically changing element of landscapes. The development of cities is directly
related to the growth of the urban population. The urbanization in Chile in the past 30 years is characterized by a rapid
private construction in the periphery of cities (Rojas et al., 2016), which is driven by a steady increase in economic
welfare and population growth.
Increasingly in recent years, remoting sensing data and satellite imagery have been used in the study of urban areas.
Their large spatial coverage, high periodicity, and highly detailed surveys enable the study of the development of
certain processes in large areas. With the improvement of the detail of satellite images, the potential of using them in
studying the urban environment have increased.
In the study of settlements, satellite images are used to create detailed topographic and cadastral maps(Prudhvi Raju et
al., 2008), to study the urban structure (the allocation of functional zones) (Jiang and Yao, 2010), and to identify urban
heat islands (Peña, 2009), a trend which has developed actively in recent years. Satellite images from the mission
"Landsat", which was launched in 1972 (USGS, 2018), are especially valuable sources of information for research of
this kind.
In Chile, Landsat has been used to study the dynamics of changes in water bodies (Lavanderos et al., 1990), the
propagation of various specific plant species (Ojeda et al., 2011; Peña and Brenning, 2015), the validation of satellite
images of various instrumental systems (Barrientos et al., 2016; Latorre et al., 2016), and the dynamics of snow cover
of volcanoes (Kim and Jung, 2017). In addition to this, Landsat has been used for monitoring large-scale land use
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changes (Locher-Krause et al., 2017), land use changes in large cities (Montoya-Tangarife et al., 2017), and superficial
urban heat islands (Sarricolea and Martín-Vide, 2014).

GEOGRAPHICAL DESCRIPTION OF THE CITIES OF THE STUDY
In our work, we analyze the dynamics of the urban environment in the main five cities in southern Chile with an actual
population of more than 100,000 people (Fig.1):
1. Temuco is the capital of La Araucanía region, located 650
km south of the country's capital, Santiago (Fig.1), and connected to the
capital by a highway (the southern part of Pan-American Highway). It is
a large transportation and industrial center of the south of Chile.
2. Valdivia is the capital of the Los Ríos region (since 2007),
located 850 km south of Santiago (Fig.1) and 45 km to the west of the
main transport artery of the country – the Highway 5, part of the PanAmerican Highway.
3. Osorno is the only one of the cities that we study, which is
not the capital of the region. The city is located 950 km south of
Santiago (Fig.1) in the Los Lagos region, directly on Highway 5.
4. Puerto Montt is the capital of the Los Lagos región. The city
is located at a distance of 1050 km south of Santiago (Fig.1). It is a
major automobile, air and sea transport hub through which the central
part of Chile is connected with remote regions - Chiloé Archipelago,
Aysén, and Magallanes.
5. Punta Arenas - The most southern city of Chile (Fig.1) is the
capital of the region of Magallanes. This city is characterized by the
most extreme climatic conditions in the country. Automobile
communication with Santiago is carried out through the territory of
Argentina and the length of the route is more than 3300 km.
Figure 1 Geographical location of studied
An analysis of the dynamics of the urban development of these
cities
cities will be carried out based on their transport accessibility, political
and administrative status, and geographical location through the use of
Landsat satellite data and the results of population censuses over the past 35 years.
Table 1 provides a list of cities and their administrative and transport status. Three main identification
parameters are used to divide the research cities:
1. Is the city the capital of the region?
2. Is the city an important transport hub?
3. Is the city a port?
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Table 1. The Cities’ main geographical features
Coordinates

The capital of the
region

Transport hub

Seaport

Temuco

38°45’S 72°40’W

+

+

–

Valdivia

39°48’S 73°14’W

+

–

–

Osorno

40°34’S 73°09’W

–

+

–

Puerto Montt

41°28’S 73°56’W

+

+

+

Punta Arenas

53°09’S 70°55’W

+

–

+

All these parameters to some extent affect the dynamics of the development of built-up areas in the cities of
study when considering a sufficiently long time period.
This paper demonstrates how a set of qualitative descriptive-geographical characteristics of a particular city
will influence the speed of urban development.
In turn, this work is the basis for further study of the dynamics of surface heat islands (which are directly
related to the areas of built-up territories), as well as, for updating and refining cadaster information on the land use in
general urban development plans in southern Chile.

MATERIALS AND METHODS
To study the dynamics of urban development in cities in southern Chile, 30 years of satellite images archives obtained
by the "Landsat" series satellites are used. “Landsat’s” spatial resolution is enough to determine the pace of
urbanization, and the spectral bands allow to separate changes in the building area from other changes in the underlying
surface (Masek et al., 2000; Yuan et al., 2005). The satellite images used are given in Table 2. The spatial resolution of
all images is 30 m (USGS, 2018).
Table 2. Satellite images used in the work
1985-1987

1998-2000

2007-2008

2016-2017

Landsat-5/TM

Landsat-5/TM

Landsat-5/TM

Landsat-8/OLI

Temuco

15.01.1987

11.01.2000

23.02.2007

31.01.2016

Valdivia

22.01.1987

19.02.2000

13.01.2007

25.02.2017

Osorno

25.01.1985

14.02.1998

26.02.2008

31.01.2016

Puerto Montt

25.01.1985

11.01.2000

06.01.2007

26.01.2017

31.01.2007
Punta Arenas

10.02.1986

02.02.1998

14.02.2008

10.01.2017

A 10-year time step is optimal for identifying the characteristic processes of urban development. Due to a significant
number of cloudy days in other seasons of the year, images taken in the summer is used for the analysis. Visual
interpretation of the selected images is performed in the software package ArcGIS 10.4 (ESRI, 2017).
In the territories of the studied cities, all objects can be divided into three groups - water, built-up areas, and territories
covered with vegetation. For the interpretation, spectral bands are chosen in which the selected groups of objects are, as
much as possible, distinguishable among themselves. These are: green (0.53-0.59 μm), red (0.64-0.67 μm) and nearinfrared (0.85-0, 88 μm) (spectral ranges are given for OLI / Landsat-8).
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The boundaries of cities in which we will consider the dynamics of built-up areas are determined on the basis of general
urban development plans from the Ministry of Housing and Urban Planning of Chile (MINVU, 2018).

RESULTS AND DISCUSSION
On the basis of visual interpretation of satellite images, areas of the built-up areas in cities are obtained (Table 3).
Table 3 Results of visual interpretation of satellite images in cities
Temuco: area of the city in actual boundaries - 137,52 km2
1987

2000

2007

2016

26,28

39,21

42,43

45,25

Valdivia: area of the city in actual boundaries - 45,60 km2
1987

2000

2007

2016

16,11

22,13

24,52

25,89

Osorno: area of the city in actual boundaries - 31,73 km2
1985

1998

2008

2016

14,95

17,79

19,66

20,56

Puerto Montt: area of the city in actual boundaries - 95,29 km2
1985

2000

2007

2017

13,53

34,49

42,41

46,48

Punta Arenas: area of the city in actual boundaries - 28,69 km2
1986

1998

2008

2017

18,86

20,35

21,29

21,54

In the modern city boundaries, the maximum change in the built-up areas is observed in Puerto Montt; from 1985 to
2017, the percentage of the built-up area increased from 14% to 48%. The minimum increase (for the period 19862017) observed is 10% in Punta Arenas.
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Figure 2. Change in the city population and built-up areas according to visual interpretation in Temuco
Figure 2 shows a graph of the change in built-up areas and population in Temuco. From 1987 to 2016, the population of
the city increased by 40%, while the size of the built-up area increased by 72% in this time period. Since 1987, there has
been a steady decrease in population density per square kilometer of the built-up area (from 7630 hab./km2 to 6200
hab./km2 in 2017). This is due to the high level of industrial development in the city, which is characterized by the
increase of non-residential construction.
The maps (Fig.2) show zones of increments of the built-up areas in Temuco. From the south, the city is bounded by a
river, and from the north, by hills. As such, an intensive incremental change is observed in the western part of the city
(private construction of residential houses) and in the northwest (industrial construction) along the city's main transport
artery.
The status of the regional center and the developed transport infrastructure are reflected both in the stable growth of the
population and in the steady growth of built-up areas. In the last decade, the urban development in the city has been
driven by the growth of multi-story residential construction.
Figure 3 shows a graph of the change in built-up areas and population in Valdivia. Until 2007, the density of the
population per 1 km2 of the built-up areas decreased monotonically from 6960 hab./km2 in 1987, to 6080 hab./km2 in
2007. This is due to the development of single-family households with large backyards, as well as, the reduction of
marginal shanty towns in the city with high population density (Borsdorf, 2000). The transformation of this provincial
city into the capital of the region led to the development of vertical urban construction. The construction of multi-story
houses and social housing led to an increase in the population density of 1 km2 of built-up areas, and in 2017, reached a
value of 6410 hab./km2. In addition to this, Figure 3 shows maps of zones of increments of the built-up areas in the city
for the last 30 and 10 years. From 1987 to 2017, the size of the built-up areas increased by 61%, and from 1987 to 2007
by 52%. Over the past 10 years, the pace of increments in the built-up areas has slowed. The main zones that have seen
new construction are located alongside the main transport arteries in the south, south-east, and north of the city.
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Figure 3. Change in the city population and built-up areas according to visual interpretation in Valdivia
Figure 4 shows a graph of the change in the built-up areas and population in Osorno. From 1985 to 2016, the population
in the city increased by 51%, while the size of the built-up areas increased by 31%. Since 1985, there has been a steady
increase in population density per 1 km2 of the built-up area (from 7030 hab./km2 to 7760 hab./km2 in 2016). This is the
highest value of population density from all studied cities. The maps (Fig.4) show that the built-up areas have come
very close to the official boundaries of the city in the northwestern and eastern parts of the city. The average industrial
development of the city and the lack of administrative status affect the urban development of the city and bring into
question the expansion of modern official borders.
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Figure 4. Change in the city population and built-up areas according to visual interpretation in Osorno

Figure 5. Change in the city population and built-up areas according to visual interpretation in Puerto Montt
Figure 5 shows a graph of the change in built-up areas and population in Puerto Montt. From 1985 to 2017, the
population in the city grew by 151%, while the size of the built-up area increased by 244%. The density of the
population per 1 km2 of the built-up area decreased monotonically from 7250 hab./km2 in 1985 to 3880 hab./km2 in
2007. This is driven by the growth of the city's industrial developments in this period (construction of factories,
warehouses, and development of port infrastructure). Since 2007, the population has increased, attracted by work in the
enterprises of the city. With all this, the process of increasing the built-up area slowed down.
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Puerto Montt is bounded from the south by the ocean. The expansion of the built-up area occurred radially from the
central city core and along the elongated coast in the south-west direction, and in the north and north-west (Fig.5) along
the main transport arteries.
Puerto Montt has a strategically important geographical position; it is a large industrial, transport, and cultural center of
the south of Chile. As a result, its indicators of demographic and urban development proved to be much higher than in
other cities.
Figure 6 shows a graph of the change in built-up areas and population in Punta Arenas. From 1987 to 2017, the
population in the city increased by 28%, while the size of the built-up area increased by 14%. Over the past 30 years,
there has been a steady increase in population density per per 1 km2 of the built-up area (from 5440 hab./km2 to 6,100
hab./km2 in 2017). By 2017, the built-up areas occupy 75% of the total area within the boundaries of the city (Fig.6).
However, the population density is not as high as in Osorno. This is due to a more flat city relief and the relative youth
of the city (founded in the middle of the nineteenth century) facilitating well-developed regular urban planning.

Figure 6. Change in the city population and built-up areas according to visual interpretation in Punta Arenas
Punta Arenas is characterized by the slowest increase in the built-up areas and the lowest population growth in the
analyzed cities. The main limiting factors of urban development are the relative transport isolation of the city from the
central part of the country and the extreme climatic conditions present.
The work of Locher-Krause et al. 2017 analyzed the dynamics of land use in the southern part of the Los Ríos region
and the northern part of the Los Lagos region: this area includes all urban areas, including the cities of Valdivia and
Osorno. This paper reveals a 26% increase in the built-up areas over the period from 1985 to 2011. Higher values for
changing built-up areas within the city’s boundaries were obtained, which adequately agree with the above result
because only large cities, that have seen more intensive urban development compared to other cities in the region, were
analyzed.

CONCLUSIONS
In this paper, a quantitative assessment of the change in built-up areas in the main cities in southern Chile (over the last
30-32 years) using the method of visual interpretation of satellite images is performed. The analysis reveals:
- Currently, the city with the greatest population density (one square meter of built-up area) is Osorno (7760 hab./km2),
and the lowest population density is Puerto Montt (5290 hab./km2).
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- Temuco has a stable tendency to reduce the population density over the last 30 years (Currently, only 33% of the total
area of the city is occupied by built-up areas).
- Until 2007, the cities of Valdivia and Puerto Montt were characterized by a decrease in population density. However,
since 2007, population density has begun to increase (Currently in Valdivia, 57% of the total area of the city is occupied
by built-up areas and in Puerto Montt, 48%).
- Over the past 30 years, the cities of Osorno and Punta Arenas have a stable tendency to increase in population density
(Currently in Osorno, 65% of the total area of the city is occupied by built-up areas and in Punta Arenas, 75%).
- The greatest demographic and urban development was observed in Puerto Montt and least in Punta Arenas.
The paper reveals the influence of geographical, transport, economic factors on the urban development of the cities.
Furthermore, it reveals that with the constant population growth, when the size of the built-up area in a city is more than
~ 50% of the city, there will be a process of increasing population density in large cities in southern Chile.
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Abstract
Spatial distribution and the amount of rainfall are important for vegetation analysis. However, in developing countries
the number of ground measuring stations is irregularly distributed over the land with a coarse frequency of
measurement. Recently, remote sensing techniques have gained a great attention as a tool to fill this gap by assessing
rainfall at high temporal and spatial resolution. In this work, a high correlation is found between Tropical Rainfall
Measuring Mission data (TRMM 3B43) covering a period of 16 year and the measurements from15 meteorological
stations distributed over the north of Algeria. In a second step, the relationship between normalized vegetation indices
(NDVI) computed using Moderate Resolution Imaging Spectroradiometer (MODIS) and TRMM 3B43 monthly
precipitation estimates is studied. The results of the statistical analysis over the region of Sidi Bel Abbes (Algeria)
showed a significant correlation between NDVI and monthly rainfall cumulated using a lag-time greater of three
months.
Keywords :Tropical Rainfall Measuring Mission Rainfall, Moderate Resolution Imaging Spectroradiometer NDVI,
Remote sensing

INTRODUCTION
Spatial distribution and the amount of rainfall are important for water resources assessment, vegetation analysis, ﬂood
prediction and drought monitoring. However, in developing countries the number of ground measuring stations is very
limited and irregularly distributed over the land and with a coarse frequency of measurement, which makes the
aforementioned tasks difficult.
Recently, remote sensing techniques have gained a great attention as a tool to fill this gap by assessing rainfall at high
temporal and spatial resolution. Several global and regional satellite-based rainfall products are available from diﬀerent
operational agencies, research and academic institutions. They include the National Oceanic and Atmospheric
Administration (NOAA) Climate Prediction (Joyce et al., 2004), Centre Rainfall Estimates, NOAA CPC Morphing
Technique (CMORPH) (Joyce et al., 2004) Global Satellite Mapping of Precipitation (GSMaP) (Ushio et al., 2003), and
Tropical Rainfall Measuring Mission (TRMM) (Simpson et al., 1996) These products provide an efficient alternative
way of studying rainfall spatiotemporal variability.
The Tropical Rainfall Measuring Mission (TRMM) is a research satellite designed to provide information on rainfall in
the tropical and sub-tropical regions of the Earth. The TRMM Multi-Satellite Precipitation Analysis (TMPA), also
known as TRMM 3B42, is an algorithm that provides the best estimation of rainfall based on a combination of
measurements from multiple passive microwave and infrared measurements sensors onboard multiple satellites,
followed by gauge-adjustment at the monthly timescale before back-scaling to a three hourly temporal resolution.
TRMM 3B42 provides rainfall values between 1998 and 2014 and presents one of the most valuable 17 years of
spatiotemporal rainfall datasets to date.
There have been efforts to evaluate TRMM rainfall data, but until now, there is still limited knowledge of the accuracy
of the TRMM 3B42 over the semi-arid Algerian region, which restricts its application in the field of ecology, climate,
and hydrology (Tarnavsky et al., 2012) Topography, seasonality, and climatology have been shown to play a role in the
satellite precipitation products performance.
Vegetation, an important component of global ecosystem, modulates the ecosystem through water retention, atmosphere
circulation and terrestrial soil stability, and helps to maintain a balance of ecosystem greatly. The Algerian semi-
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Aridregionis a sensitive in terms of ecosystem changes, where the manifestation of climate dynamics is particularly
noticeable. Climate variability affects local ecosystem strongly, produces notable local ecosystem changes. Thus, a
study focusing on vegetation and rainfall in Sidi Bel abbes region is of great significance to global ecological changes
[reference].
The purpose of this study has two fold. First, it attempts to analysis and compare the available TRMM 3B43 monthly
data covering a period of 12 year (from 2002 to 2014) are with the measurements recorded for 15 meteorological
stations distributed over the north of Algeria, the performed correlation analysis between satellite-based measurements
and ground stations ones showed a high correlation with determination coefficient values vary from 0.57 to 0.91. The
second purpose is to explore the relationship between normalized vegetation indices (NDVI) computed using Moderate
Resolution Imaging Spectroradiometer (MODIS) and TRMM 3B43 monthly precipitation estimates is studied. The
results of the statistical analysis over the region of Sidi Bel Abbes (Algeria) showed a significant correlation between
NDVI and monthly rainfall cumulated using a lag-time of three (03) months.

MATERIALS AND METHODS
Our methodology consists of three phases : 1) Acquisition of TRMM rainfall measurements and gauge station data
covering the same time period (1998-2014) and the same area (North of Algeria); 2) Validation of remotely sensed
TRMM precipitation data using the more accurate in-situ measurements; 3) Exploring the relationship between NDVI
derived from MODIS sensor data and the TRMM precipitation over the region of Side Bel Abbes. The overview of the
three-staged methodology is given in figure 1.

Figure 1. Overview of the proposed methodology
The validation of TRMM data and the exploring of NDVI-TRMM relationship steps are performed using correlation
analysis .There are many different types of correlation coefficients that reflect somewhat different aspects of a
monotone association and are interpreted differently in statistical analysis. In this work R-squared (r2) static was used to
evaluate the correlation between the two sets of the considered data. r2measure of the proportion of the variation in the
dependent variable that is explained by the estimated regression equation. It is a measure of how well the estimated
regression equation fits the data. Sometime r2 is called the coefficient of determination, and it is given as the square of a
correlation coefficient
Given paired variables (Xi; Yi), a linear model that describes how variable (y) is related to the variable (x) in simple
linear regression is given by

y = b o + b1 x + e
where e is a mean zero error,b0 = the y-intercept and b1 = the slope of the line
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The estimated regression Equation is written asŶ= b0 + b1X (Estimated from sample data). Also called the “fitted” line.
By defininge = Yi – Ŷi. ”e” is also called “error” or “residual”. The method of least squares, estimates the values for
b0and b1such thatΣe2 = Σ(Yi – Ŷi)2is minimized.
By decomposing the variance

Σ(Y -

Y )2 = Σ (Ŷ - Y )2 + Σ (Y – Ŷ)2

Where
Total Sum of Squares (SST) = Σ(Yi – i)2
Sum of Squares due to Regression (SSR) =Σ(Ŷi – i)2
Sum of Squares due to Error (SSE) =Σ(Yi – Ŷi)2

STUDY AREA

Finally, r2is computed as 𝑟𝑟 2 =

𝑆𝑆𝑆𝑆𝑆𝑆
𝑆𝑆𝑆𝑆𝑆𝑆

Sidi bel abbes is a large industrial city in middle of an agricultural region with a strong cereals propensity. It is located
North west of Algeria at the North West Africa 56 Km South from the Mediterranean Sea. The precipitation received in
the region is mainly due to polar flows that borrow the furrow above the Alboran Sea atthe extreme south west of the
Mediterranean basin. They extend from September to late May although some almost June are also quite humid. The
really dry months are July and August. Nevertheless, these rains are not very important and some humid months are
also very dry without a drop of rain(Lebid et al., n.d.).and cold winters which are not very rigorous, but frequent
nocturnes frosts as well in hot summers(Gibelin and Déqué, 2003).

Figure 1. localisationand delimitation of the study area
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DATA AND METHODOLOGY

Rain Gauge control data
The North of Algeria region is presented in Figure 2, including the 15 selected rain gauges. The rain gauges were
selectedto match the time period of the TRMM data(2002-2014). The records were obtained from the theKNMI –
oninklijk Nederlands Meteorologisch Instituut (KNMI) website (http://www.knmi.nl/) and were verified to be free
from errors.

Figure 2. 1ocation of the used gauge stations in the North of Algeria

Satellite product TRMM 3B43
The Tropical Rainfall Measuring Mission (TRMM),is the first space mission dedicated to the quantitative measurement
of rainfall.it was launched from NASDA(National Space Development Agency of Japan) on 28 November 1997(Center,
2001).the mission is a collaboration between NASA (National Aeronautics and Space Administration) and JAXA(
Japan Aerospace exploration Agency) cyclonic storms and precipitation processes by observing from space over
tropical and subtropical regions. The estimates of monthly rainfall are downloaded for the validation area from the
GEOVANI website (https://giovanni.gsfc.nasa.gov) and that from the period from 1998 to 2014.The TRMM 3B42 pixel
boundaries are shown in figure 3.

Figure 3. TRMM 3B42 pixel boundaries

820

Proceedings, 7th International Conference on Cartography and GIS, 18-23 June 2018, Sozopol, Bulgaria
ISSN: 1314-0604, Eds: Bandrova T., Konečný M.

MODIS NDVI
Normalized Difference Vegetation Index (NDVI) is a measurement of vegetation activity and biomass (Tucker, 1979).
In our work, we used the MYD13C2 product, which provides a Vegetation Index (VI) value at a per pixel basiswith
0.05-degree CMG resolution. There are two primary vegetation layers. The first is the Normalized Difference
Vegetation Index (NDVI) which is referred to as the continuity index to the existing National Oceanic and Atmospheric
Administration-Advanced Very High Resolution Radiometer (NOAA-AVHRR) derived NDVI. The second vegetation
layer is the Enhanced Vegetation Index (EVI), which has improved sensitivity over high biomass regions.
Table 1 shows the description of the used data in our work.
Table 1. Recapulative table of used data
Type

Area

Résolution

Période

Gauge stations

North of Algeria

15 stations

1998-2014

TRMM Precipitation

North of Algeria

0.25° x 0.25°

1998-2014

NDVI

Side Bel Abbes Area

0.05° x 0.05°

2002-2014

Source
KNMI Climate
Explorer
Geovani Web
Service
Geovani Web
Service

Validation of TRMM Measurements
Several worldwide studies have used TRMM data as a reliable source of rainfall information. In this study, rainfall
TRMM data is compared to the local gauge data in the north of Algeria. A total of 15 gauges averaged monthly
precipitation for rain gauges during 1998-2014 were carried out. By comparing the TRMM precipitation and gauge
precipitation at station, the monthly TRMM precipitation was obtained from grids covering the corresponding stations
and evaluated based on the gauge precipitation at station scale. The two gridded data sets were then compared by
plotting scatter diagrams, the results from linear correlation analysis revealed significant correlation between rain gauge
and TRMM precipitation. Figure 4 shows a comparison between TRMM rainfall and one of the gauge station data (AinSefra station), where similar results are in a clear coincidence in the trend of rainfall amounts (i.e., ascending and
descending).

Figure 4. TRMM rainfall compared to Ain Sefra gauge station data
Figure 5 illustrates the results of linear regressions between examples of four (04) rain gauge stations and their
corresponding TRMM precipitation grid values.
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Figure 5. Linear regressions between TRMM precipitation and rain gauge station
According to figure 5, the correlation analysis between TRMM and in-situ data demonstrate a high determination
coefficient values r2.
Table 2 presents the obtained determination coefficient values of the differents available gauge stations over the north
of Algeria.
Table 2.Determination coefficient values of the different stations

Stations

Longitude (°)

Latitude (°)

r2

Batna

6.20E

35.60N

0.88

Djelfa

3.30E

34.70N

0.71

Biskra

5.70E

34.80N

0.82

Touggourt

6.00E

33.10N

0.78

Mechria

-0.30E

33.60N

0.86

Sétif

5.42E

36.18N

0.62

Laghouat

2.90E

33.80N

0.67

Ain sefra

-0.60E

32.77N

0.86

Guelma

7.60E

36.47N

0.79

Tlemcen

-1.50E

35.00N

0.74

Bordj Bou Arreridj

4.80E

36.10N

0.57
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Oran

-0.60E

35.60

0.86

Alger

3.30E

36.70N

0.80

Chlef

1.30E

36.20N

0.89

Miliana

2.20E

36.30N

0.91

In general, Table 2 shows high values of determination coefficient r2 , which demonstrates good correlation between
remotely sensed measurement and their corresponding ground stations. The largest value of correlation obtained is 0.91
that concerns the station of Miliana.

Relationship between NDVI and TRMM
Lots of researches have been conducted on the relationship between NDVI and precipitation(Iwasaki, 2009),revealing a
positive correlation in general.Beforecorrelating NDVI and TRMM precipitation datasets,they are brought to the same
resolution of 0.25° × 025°. Figure 6 shows the delimitation of the study area and the TRMM pixel boundaries. The area
is covered by 17 pixels of the TRMM data grid.

Figure 6. Grid mapTRMM and NDVI
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Figure 7. Annual averaged MODIS NDVI and TRMM Rainfall maps of different dates

Figure 7 of Annual averaged TRMM Rainfall maps over differentes years shows a clear decrease of precipitation,
which proves the climate change in the study area.
Figure 8 shows examples of scatter diagrams for three (03) different pixels between TRMM precipitation and
cumulated NDVI.
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Figure 8. scatter diagram between TRMM precipitation and cumulative NDVI
We noticed in semi-arid zone a higher correlation and that due to vegetation cover, while in some other locations there
is a poor relationbetween NDVI and TRMM data. Figure 9 show the evolution of average coefficient of correlation with
different lag time.
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Figure 9. Evolution of average coefficient of correlation with different lag time
The results of the statistical analysisshows a significant correlation between NDVI and monthly rainfall cumulated
using a lag-time greater of three months.

CONCLUSION
In this study, we attempt to analysis and compare the available TRMM 3B43 monthly data covering a period of 12 year
(from 2002 to 2014) with the measurements recorded for 15 meteorological ground stations distributed over the north of
Algeria, the performed correlation analysis showed a high correlation with determination coefficient values vary from
0.57 to 0.91. The other purpose is to explore the relationship between normalized vegetation indices (NDVI) computed
using Moderate Resolution Imaging Spectroradiometer (MODIS) and TRMM 3B43 monthly precipitation estimates is
studied. The results of the statistical analysis over the region of Sidi Bel Abbes (Algeria) showed a significant
correlation between NDVI and monthly rainfall cumulated using a lag-time of three (03) months.We notice in semi-arid
zone a higher correlation and that due to vegetation cover, while in some other locations there is a poorrelationbetween
NDVI and TRMM data.Future extensions of this investigation will particularly focus in exploring relationship between
vegetation and other recent satellite-based rainfall measurements.
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Abstract
Agricultural field experiment scientists need to collect trait data such as plant height, water stress, vegetation index,
vegetation stage etc. Manual measurements and sampling of hundreds or even thousands of experimental field plots is
very time consuming. Recent developments in both hardware and software of Unmanned Aerial Systems have made
them a solution for field crop phenotyping. UAS equipped with RGB off-the-shelf inexpensive digital cameras can be
used for estimating crop heights of experimental plots. The heights can be used for biomass prediction, yield prediction
and for plant growth observations. This paper describe a 3D photogrammetric workflow used for the heights extraction
and explains issues overcome during the whole process. The authors described their experience on working with wheat
experiments at Rothamsted Research, an agriculture research institute in the United Kingdom.
Keywords: UAS, Unmanned Aerial Systems, UAV applications, 3D modelling, crop phenotyping, agriculture research
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INTRODUCTION
The fast growing human population requires increased food production. Agricultural research institutes around the
world are working on increasing crop yields to satisfy demand. Rothamsted Research is an agricultural research institute
that has existed for 175 years. A key area of research is crop genetics and improvement, both of yield and quality; much
of the work is on wheat. In agricultural field experiments there is a need to determine plant traits, a process known as
phenotyping. One such trait is plant height. Traditionally, it was measured with a ruler in the, which was slow ane
subject to slight diffenerces due to slightly different tecniques of different personel. However, for several years,
attempts have been made to apply photogrammetric measurements, using UAS, to determne heights [1,2,3,4]. This
paper shows the results of such UAS heights aquaisition tests in comparison with ground measuremants.

MATERIALS AND METHODS
Study Area
The field experiment (Fig.1) was grown at Rothamsted Experimental Farm, south east England. The crop was wheat,
sown in autumn each year, the experiment had nine mapping populations (Fig. 3), 96 different lines of wheat, grown at
two levels of nitrogen fertilisation and with three fold replication. Each population was made up to 100 lines with
dummy plots of a common variety, Crusoe. This made 8 populations x 100 lines x 2 N levels x 3 replicates = 4800 plots
each year. Each plot was theoretically 1m x 1m. Practically it is usually around 80cm x 80cm (Fig.2). The mapping
populations were grown for wheat genetic studies, with different populations targeting various traits, eg some
populations showed variation in height, some in flowering time, some in nitrogen use efficiency. By measuring the
traits in the field and comparing with the genotypic data from genetic analysis, it is possible to try and identify specific
genes controlling specific traits. Each year maximum height is measured in all plots prior to harvest.

Figure 1. Field experiment ortophoto view
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Figure 2. Plot example

Figure 3. Mapping populations
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Lodging
Lodging (Fig. 4,5) is when crop plants, such as wheat, bend over, usually occurring late in the season and typically
caused by wind, rain, high levels of fertilization, or tall stemmed varities. Due to the small plots size and the wheat lines
being bred from tall vieties, lodging was a significant problem in the mapping populations grown in this study. Only
36% of plots were not damaged with lodging, including dummy plots. Lodging was estimated for each plot visually,
pre-harvest, using a subjective score (Fig. 6) from 0 (vertical stem) to 10 (horizontal stem).

Figure 4. Plot damaged by lodging

Figure 5. Example of plots damadged by lodging
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Figure 6. Lodging score ilustration

Ground and UAS data collection
The height of each plot in the mapping population experiment was measured on the ground at the end of vegetation
growth (about second half of June) with a wooden ruler. For 4800 plots it takes approximately two days for a team of 3
people. The same week as the ground measurements were done, a UAS flight was also carried out (23.06.2016). Almost
five RGB hundreds photos (484) with greater than 80% overlap in both directions were taken with the UAS.

Calculating crop heights
Within the experimental area were fourteen ground control points. GCPs were black and white chessboard painted
concrete slabs (Fig. 7), and location was measured to one centimeter accuracy with a Trimble GPS. Photogrammetric
processing was done using Agisoft Photoscan. The standard workflow steps were used:
•

Importing images

•

Aligning images

•

Georeferencing ground control points

•

Building geometry (Depth filtering disabled)

•

Exporting georeferenced point cloud and orthophoto

Figure7. Areial GCP point view (left), locations of ground points situated for digital elevation model
interpolation(right)
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Two raster surfaces are needed for calculating crop heights. The first one is the DSM – Digital Surface Model – gained
by rasterizing the point cloud. The second one is the DEM – Digital Elevation Model which represents bare earth. The
digital elevation model can be calculated from UAS based photogramteric flight data taken before the vegetation season
or after harvest. Since there were no photogrammetric flights done in either period, the DEM was calculated by
interpolating a surface based on set of points established on areas of bare ground between the experimental plots (Fig.
7). The crop heights were calculated as a vertical difference between DSM amd DEM. The result is called the nDSM –
Normalised Digital Surface Model or sometimes CHM – Crop Height Model.

nDSM (CHM) = DSM - DEM (1)
All crop height calculations were done in ArcGIS for Desktop 10.5.1. The calculations followed reseaech done in 2016
[4], where the highest 99th percentail of points from the cloud were used for every plot’s height estimation.The
workflow for this paper was a little different and based on sampling the highest point from the point cloud in regular
grid areas through each plot. The workflow steps were:
•

Importing point cloud, plots boundaries, and ground points

•

Conversion of point cloud heights to raster

•

Extraction of height values of the ground points

•

DEM calculated by Natural Neighbour interpolation using the ground points

•

DSM was extracted by overlaying every plot with regular 25cm grid (Fig.8 ). The size of the grid was chosen
subjectively to have about ten grid elements (sample areas) for each plot. The highest value from each ten grid
element areas were extracted from the initial point cloud.

•

nDSM was calculated using Equation (1) above

•

Plots heights were calculated as a mean value of ten grid mean value

Figure 8. Regular grid areas (black quadrats) for sampling the highest points in a plot
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RESULTS
Each line was replicated three times at both low and high nitrogen, so the mean value of the three replicates was used in
the analysis. For the analysis scatterplots were produced for both levels of nitrogen fertilization, but lodged plots were
excluded (Fig.9,10 ). Lineae regression lines were fitted to the plots, and the regression coefficeints calculated (R2).
Further analysis was carried out which proved that the lodging affected the accuracy of the height estimates, and it was
not possible to calculate a lodging score from the height data within the remit of this paper.

Figure 9. UAS measured heights against ground measured heights in low nitrogen dosage area for plots without
lodging

Figure 10. UAS measured heights against ground measured heights in high nitrogen dosage area for plots without
lodging
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CONCLUSIONS
Photogrammetry using images from Unmanned Aerial Systems is a usefull tool for extracting crop heights in
agricultural research. The Mapping Population field experiment used for this study provided a useful test of estimating
crop height in small plots. The results were not as good as presented in an earlier paper for larger plots. There are
methods for lodging estimation using UAS data in development [5], but this study also proven that there is a need for
further research on lodging modelling.
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Abstract
The fraction of green vegetation cover (fCover) is an important bio-physical parameter with a variety of applications in
the fields of agriculture and forestry. fCover refers to the percentage of ground covered with photosynthetically active
green parts of a plant. The main objective of this paper is to study the variation in fCover when estimated at various
spatial scales using various methods and instruments. First, the effect of spatial resolution on fCover estimates is
examined by using different smartphones and UAV images. Next, the influence of the method used for fCover estimation
is studied by comparing two types of approaches – classification and regression. For the classification approach, an
object-based image analysis technique was adopted. In the regression approach, various vegetation indices and their
statistics were used as predictors in a random forests algorithm, which identifies the most important color and NIR
indices to estimate fCover. Results show that minor differences in the resolution do not have major impact on the
fCover estimates. But using too coarse spatial resolution can lead to substantial over- or underestimation of fCover.
The comparision of the two approaches revealed that the regression method had less difficulties dealing with crops
whose leaves are small and not well defined with respect to the background. Both approaches could poorly estimate
fCover when the sun reflection was strong. Yet the regression method could deal much better with changing
illumination.
Keywords: fCover, machine learning, GEOBIA, UAV, smartphone

INTRODUCTION
Estimating vegetation properties from remotely sensed images dates back to the Cold War when the USA used satellites
to forecast wheat crop yield in the USSR and thus predict production shortfalls (Logsdon et al., 1998). Crop yield is still
an important factor in national security because the failure of a country to produce sufficient quantities of agricultural
products can lead to violent conflicts and mass migration (Campbell et al., 2007). This is especially true for developing
countries in sub-Saharan Africa and South Asia not having the financial resources to import agricultural products and
suffering from climate changes (Schmidhuber & Tobiello, 2007). Nowadays the access to high resolution imagery is not
limited only to reconnaissance authorities. Optical remote sensing images with fairly high resolution such as those from
Landsat-7 or Landsat-8 with up to 30 m resolution and Sentinel-2 with up to 10 m resolution are freely available.
Farmers can use this information for predicting crop yield, monitoring diseases, planning irrigation and fertilizers
application (Bastiaanssen et al., 2000; Seelan et al., 2003). Humanitarian organizations can also make use of it by
identifying regions threatened by food shortages and thus planning in advance counter measures (Kaiser et al., 2003).
Besides these traditional remote sensing platforms, an increasing amount of data is being collected with unmanned
aerial vehicles (UAVs) and smartphones making possible the estimation of vegetation properties for smaller agricultural
fields and at better spatial resolution (Anderson & Gaston, 2013). UAVs do not only offer the possibility to collect
higher resolution imagery than satellites, they have other advantages as well such as collecting data at different angles
(Ren et al., 2017) and in cloudy weather conditions (Bondi et al., 2016). For the purposes of precision agriculture,
topographic and atmospheric corrections are often not needed making the use of UAV images less laborious than the
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use of satellite images (Jakob et al., 2017). UAVs are able to carry various instruments ranging from hyperspectral to
simple consumer grade RGB cameras (Salamí et al., 2014). Smartphones are more limited with respect to the cameras
that they can carry but they might be equipped with sensors such as gyroscopes and inclinometers collecting
information about the position, motion and surrounding environment (Pongnumkul et al., 2015). These sensors
combined with the processing power of smartphones and dedicated applications can convert smartphones into effective
tools for collecting vegetation properties information that might even replace more traditional field instruments
(Campos-Taberner et al., 2015).
With the increased amount and availability of data, new methods are needed for its interpretation. While simple
statistical techniques such as linear regression are still common, more sophisticated machine learning algorithms have
gained popularity in recent times because of their good performance. However, this abundance of instruments, data and
methods can be overwhelming. Therefore, this paper aims at comparing vegetation properties estimated using various
instruments and analytical methods. This paper focuses on the fraction of green vegetation cover (fCover) as it is an
important vegetation parameter having variety of applications in agriculture and forestry.
Despite the wide use of fCover, the multiple terms being used to describe it are not yet standardized which makes the
comparison of studies using this bio-physical parameter difficult (Godínez-Alvarez et al., 2009). In literature, fCover
can be often regarded to as (fractional/fraction of/percentage of) (green) foliage, ground, plant, vegetation or canopy
cover. Depending on the purpose for which it is used, cover may refer only to certain types of vegetation such as tree
and shrub canopies, only to green vegetation, to all types of vegetation including litter or in the case of ground cover
also to non-vegetation material such as rocks (Bonham, 2013). fCover can be expressed in different ways - as
percentage, proportion or using a categorical scale (Bonham, 2013). In this paper, fCover is expressed as percentage and
refers only to the photosynthetically active green parts of a plant.

STUDY AREA, DATA AND METHODS
The study area is located in Bangladesh which is characterized by sub-tropical humid climate. The field surveys took
place in Barisal, Kalapara and Patuakhali located in the south part of the country (Fig. 1).

Figure 1. Map showing the three study sites – Barisal, Kalapara and Patuakhali, located in the administrative division
of Barisal (depicted in light red)
Several fields were visited and photos were collected using different brands of smartphones and an octocopter. Each of
the smartphone pictures was taken vertically above ground and covered approximately 1 m2 as measured by a square
frame placed on the ground during the field surveys. The green pixels in the pictures were manually annotated with
CAN-EYE - software that allows the extraction of fCover from RGB images (Weiss & Baret, 2016). RGB images of the
fields were collected with the octocopter at several different altitudes ranging from 7 m to 65 m. Multispectral images

837

Proceedings, 7th International Conference on Cartography and GIS, 18-23 June 2018, Sozopol, Bulgaria
ISSN: 1314-0604, Eds: Bandrova T., Konečný M.

were collected as well at an altitude of 100 m. In total, five spectral bands were covered – 530 nm, 680 nm, 710 nm, 740
nm and 800 nm, with 10 nm band width.
Two different approaches were proposed for estimating fCover: a regression and a classification. For the regression
approach, a machine learning technique – random forests (RF), was used. RF can be used not only for prediction but
also for assessing variable importance (Breiman, 2001). In the proposed approach, the dependent variable fCover was
estimated using a number of independent variables represented by various vegetation indices. The vegetation indices
were first calculated on pixel level and then aggregated over the whole photo for smartphones or over the whole field
for UAV images using their statistics (minimum, maximum, mean, and standard deviation). Using the ability of the RF
algorithm to measure variable importance, the different vegetation indices were ranked according to their ability to
predict fCover. Due to the lack of measurements in the NIR band for the smartphone photos, only color vegetation
indices (Table 1) were used for the estimation of fCover from them. For the UAV images, both NIR and color indices
were used as predictors (Table 2).
Table 1. List of vegetation indices using only the blue, green and red bands (color indices)
Vegetation Index
Red Green Ratio Vegetation Index (RGVI)
Excess Green Index (ExG)
Excess Red Index (ExR)
Normalized Difference Index (NDI)
Excess Green minus Excess Red index (ExGR)
Improved Normalized Difference Vegetation Index (INDI)
Modified Excess Green index (MExG)
Color Index of Vegetation Extraction (CIVE)
Vegetation index (VEG)
Combined index (COM1)
Modification of the combined index (COM2)

Author(s)
Jordan (1969)
Woebbecke et al. (1995)
Meyer et al. (1999)
Perez et al. (2000)
Meyer & Neto (2008)
Meyer & Neto (2008)
Burgos-Artizzu et al. (2011)
Kataoka et al. (2003)
Hague et al. (2006)
Guijarro et al. (2011)
Guererro et al. (2012)

Table 2. List of vegetation indices using also the NIR band
Vegetation Index
Difference Vegetation Index (DVI)
Normalized Difference Vegetation Index (NDVI)
Renormalized Difference Vegetation Index (RDVI)
Green Normalized Difference Vegetation Index (GNDVI)
Soil Adjusted Vegetation Index (SAVI)
Simple Ration Index (SR)
Green Chlorophyll Index (GCI)
Red Edge Chlorophyll Index (RECI)
Global Environmental Monitoring Index (GEMI)
Modified Soil Adjusted Vegetation Index (MSAVI)
Triangular Vegetation Index (TVI)
Adjusted Transformed Soil Adjusted Vegetation Index (ATSAVI)

Author(s)
Roujean & Breon (1995)
Rouse et al. (1974)
Roujean & Breon (1995)
Gitelson et al. (1996)
Huete (1988)
Gitelson et al. (1996)
Gitelson et al. (2006)
Gitelson et al. (2006)
Pinty & Verstraete (1992)
Qi et al. (1994)
Broge & Leblanc (2001)
Baret & Guyot (1991)

For the classification approach, object based image analysis (GEOBIA) was used. GEOBIA is suitable for classifying
very high resolution images or images in which the object of interest is represented by several pixels (Blaschke et al.,
2014). When the estimation of bio-physical variables is carried out on a pixel level, information such as texture, context
and shape is often neglected (Hay & Castilla, 2008). GEOBIA makes use of this information by exploring the
characteristics of features in the images and the relationships between them (Blaschke, 2004). In a typical GEOBIA
workflow, an image is first segmented and then classified (Blaschke, 2004). During the segmentation step, similar
pixels are grouped together into objects (Addink et al., 2012) or “objects candidates” – homogenous and semantically
meaningful groups of pixels (Blaschke, 2010). The fCover estimates retrieved with the classification and regression
approaches were compared to those obtained with CAN-EYE.
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RESULTS
As part of the regression approach several different models were created. The RF algorithm trained with manually
annotated smartphone photos is referred to as RF.model. This model was applied to a selected set of UAV images in
order to create a training dataset for the models using UAV images because annotated data from the octocopter field
surveys was not available. Two models using UAV images were trained - RF.model_NIR which uses both color and
NIR vegetation indices, and RF.model_NIRO which uses only vegetation indices containing the NIR band. All models
provided a satisfactory fit to the data as it can be seen from the variance explained and the mean of squared residuals
(Table 3). The variance explained showed in Table 3 was calculated based on the out of bag (OOB) samples. These
samples were not used during the training of the models and therefore give the opportunity to realistically test the ability
of the regression approach to predict fCover. The models with NIR indices clearly outperformed the model relying only
on color indices. However, color indices also contributed to the accurate estimation of fCover as it can be seen by the
comparison of the RF.model_NIR and RF.model_NIRO.
Table 3. The percentage of variance explained and mean of squared residuals of out of bag (OOB) samples
RF.model
RF.model_NIR
RF.model_NIRO

% Variance explained
66.73%
97.04%
92%

Mean of squared residuals
0.0104
0.0005
0.0013

In the RF.model, the most important parameter was the mean value of the ExR index. In this model, it was evident that
the mean values of the indices were more important variables than any other statistics (minimum, maximum values and
standard deviation). While the fCover estimates derived from manually annotated photos best aligned with those taken
by the device with the best resolution, the percentage of variance explained for all types of devices was high and no
substantial difference among the different estimates was found. In the RF.model_NIR, both the mean and the standard
deviation of the VIs played an important role. Similarly to the RF.model, the most important parameter was the mean
value of the ExR index. The most important parameter based on a vegetation index containing the NIR band was the
standard deviation of the RECI index using the red edge at 710 nm. The same held true for the RF.model_NIRO.
fCover estimates derived from images at two different altitudes – 12 m and 65 m, were compared. The fCover estimates
at an altitude of 12 m and 65 m were not correlated as evidenced by the low variance explained (R2 = 0.04). The fCover
estimated at the height of 65 m was approx. twice higher than the fCover estimated at 12 m. No conclusion could be
made which one of the estimates was over-/underestimated due to the lack of ground truth data. It was assumed that this
outcome was related to the difference in the spatial resolution obtained at the two different altitudes.
The classification approach was applied only on smartphone photos due to computational constraints. The percentage of
variance explained when the training samples were excluded amounted to 76%. However, this measure cannot be
directly compared to the variance explained for the regression models (Table 3) because different amount of training
samples was used. Similarly to the regression approach, higher resolution photos did not always outperform lower
resolution photos when used for fCover estimation. However, in contrast to the regression approach for some devices
this relationship was very weak. The classification of some photos was more challenging than for others. Such photos
were those containing crops other than mung beans, maize and wheat that had rather small and not easy to distinguish
leaves. Misclassification was often present when there was difference between the illumination in the photos on which
the classifier was trained and the photos to be classified. Strong reflectance of sun light in some of the photos was also a
common reason for the inaccurate estimation of fCover both for the classification and regression approaches.

CONCLUSION
The difference between the predicted fCover retrieved with the regression approach and the actual fCover from the
annotated photos was small. The inclusion of information from the NIR part of the spectrum contributed to the more
accuarate estimation of fCover. However, best results were obtained when both color and NIR indices were used. The
most import color indeces were ExR (color only) and RECI (with NIR info at 710 nm). The difference between the
predicted fCover retrieved with the classification approach and the actual fCover was also small. However, the
percentage of variance explained for the different devices varied greatly. In this respect, the regression approach is more
robust. The regression approach could also deal better with changing illumination and crops with small and difficult to
distinguish leaves. Both approaches had difficulties estimating fCover for photos with strong sun glint. Minor
differences in the photos resolution of smartphone devices were not strongly correlated to the fCover estimates.
However, substantial difference in the spatial resolution of UAV images led to under-/overestimation of fCover by as
much as a factor of two.
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Abstract
The following article aims at presenting a new photogrammetric application for precision agriculture. Photogrammetry
has been used for numerous engineering tasks and for the past decade the UAV photogrammetry, in particular, has
proved to be applicable in the sphere of agriculture. Better techniques and solutions have been sought by scientists in
order to improve yields, preserve the environment and therefore increase the potential of agriculture.
The chosen study field has been monitored for the past two years. It regards a corn and rye fields, surrounded by grass
and forests. The area is located in the west part of the Czech Republic, near the village of Vysoké Sedliště. The location
has been chosen for its historical and archaeological significance as it was fortified in the past and numerous battles
took place in the 17th century.
The purpose of the study is to analyse the development of certain crops. It has been claimed by agronomists that there
might be still water causing drainage to some crops.
The survey was carried out by an Unmanned Aerial Vehicle (UAV) eBee by senseFly owned by the Department of
Geomatics. The agricultural fields were mapped in April, June and July. The images were captured by multispectral
and a thermal camera and later processed in Pix4Dmapper. The results of the study are calculated Digital Surface
Model and index maps respectively for each month.
Keywords: Unmanned aerial vehicle, photogrammetry, precision agriculture, vegetation indices

INTRODUCTION
Precision agriculture (PA) technologies have developed over the past three decades to aid the plant agriculture. Their
role in today’s agriculture is to provide an increasing amount of food and fuel for humankind. The increasing
development must be done in an environmentally, economically sustainable way. (Tayor and Francis Group, 2016)
The world depends heavily on fossil fuels, however, the accessible supplies are soon to be over. Moreover, the
extraction of fossil fuels from beneath the earth’s surface brings carbon to the surface and into the atmosphere. More
plant productions are needed to replace fossil fuels provide the raw materials for biofuels, chemical feedstock and
natural fibres. Increasing such uses of plants, however, could consume agricultural resources that could contribute to
food production. The best way to meet the production needs of the future is to use PA in combination with the best
genetics, cultural practices, equipment and agronomic treatment to achieve the maximum production. (Tayor and
Francis Group, 2016)
The necessity of new and modern agricultural techniques roots especially from the rapid world’s population growth. It
is claimed that by 2050 the world’s population will increase to 9 billion people. (Roser & Ortiz-Ospina, 2013) That
statistic leads to problems concerning feeding the population. These issues could be tackled by making PA techniques
more available and implementing other technical spheres into agriculture.
The unmanned aerial vehicles (UAV) are of a great importance as they could aid farmers to deal with their everyday
tasks in a more advanced way that they could rely on. Researchers like (Nebiker & Lack, 2016) deal with questions
whether the expensive high-end sensors are better than the low-cost ones and whether UAV-based multispectral remote
sensing (RS) is suitable for yield estimation and plant disease detection. They arrive at the conclusion that UAV-based
sensors are very promising for a number of reasons: high spatial resolution, cost-effectiveness, no need for groundbased spectral measurements.
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But what exactly is precision agriculture? There are many definitions depending on the used state-of-the-art. The
European Parliament (EP) states in the following document (European Parliament, 2014) that PA is a whole-farm
management approach using information technology, satellite positioning (GNSS), remote sensing and proximal data
gathering. Moreover, PA is a farming management concept based upon observing, measuring and responding to inter
and intra-field variability in crops. The goals of which are increasing the yields and profitability of the productions.
With the rapid technological development and the advent of numerous sensors, the implementation of intelligent or
precision farming processes has become more accessible. Not only crop monitoring should be important to farmers
nowadays but also the sustainable usage of chemical products like fertilizers, herbicides and pesticides which could
bring about serious environmental problems to nature.
Other definition of PA could be that it is a combination of methodology and technology according to (Schmaltz, 2017).
This could only mean a deep collaboration between professions from agronomists though economist to engineers.
The research team has big experience in using modern photogrammetric techniques in numerous spheres. Since 2016,
the Department of Geomatics is working many projects, one of them is an archaeological survey in the area of interest.
Parallel to that study, we have decided to apply similar photogrammetric techniques in order to study the area from an
agricultural point of view. Moreover, we would like to increase the potential of UAV photogrammetry for agricultural
purposes.

AREA OF INTEREST
The location which the research group monitored is situated in the west part of the Czech Republic, northwest from the
Vysoké Sedliště village in the region of the city of Plána. The location has been chosen as it is a part of an
archaeological survey due to its big historical background. In the past, it was densely fortified and numerous battles
took place during the 17th century.
There are two main crops being cultivated near Vysoké Sedliště – corn and rye. The surrounding territories are mostly
covered with grass and there are forests to the south.

Figure 1. The area of interest is situated nearby the village of Vysoké Sedliště. Source: www.mapy.cz

DEVELOPMENT AND SCOPE OF THE RESEARCH
The current study began in 2016 at the Department of Geomatics, CTU in Prague (Department of Geomatics, Faculty of
Civil Engineering, CTU in Prague, 2018), primarily because of its archaeological significance. Later, in 2017 a master
thesis was defended dealing with different classification methods of the area of interest. One academic article has been
published analysing only partially the land cover by UAV mapping from 2017 (Šedina, Housarová, & Raeva, 2017).
Not only was the archaeological study important for analysis, but also the development of crops in what used be a
fortified region. Some of our goals were to analyse water-stressed parts and what might have caused them. However, in
this article, only the development of one agricultural field has been analyzed. The study took another level, as the main
author is doing a research in precision agriculture. That is why the main goal of the study nowadays is the development
of agricultural crops and their mapping with UAV photogrammetry. In the following article, an analysis of the crop area
from mapping in 2017 will be presented.
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UNMANNED AERIAL SYSTEM (UAS)
The area of interest was mapped three times during 2017 – April, June, July. The photogrammetric flights were
provided by the fixed-wing autonomous drone eBee by senseFly. The unmanned aerial system consists of three parts –
software for flight planning eMotion v.2, an autonomous fixed-wing drone eBee and a software for post-processing
PostFlight Terra3D. The last is a production by the company Pix4D. The whole UAS is part of the equipment of the
Department of Geomatics where the research took place.
From a photogrammetric point of view, a fixed-wing drone is recommended for mapping arable lands as it provides
with autonomous flights to a pre-set flight plan where the lateral and longitudinal overlaps are recommended to be 85%.
This value is, of course, higher than the theoretical ones – 80% longitudinal and 60% lateral – as for UAV
photogrammetry a bigger overlap is needed in order to general bigger number of keypoints between the overlapping
images.

Figure 2. For the study purposes, the fixed-wing drone eBee was used by senseFly. Source: www.sensefly.com

Multispectral camera
The multispectral imagery was provided by the senseFly multispectral camera – multiSPEC 4c. This is a professional
camera, featuring four sensors which can detect a certain region of the electromagnetic spectrum. The multiSPEC 4c
captures images in the following parts of the spectrum: Green, Red, Red edge and Near Infrared (NIR). It is mainly
applicable for archaeological and agricultural projects.
The multispectral camera is able to capture reflectance data at a wide range of light intensity levels due to its irradiance
sensor and its pre-flight calibration parameters. It is equipped with a radiometric calibration target for calibrating the
imagery.
The pre-flight preparation of the camera is of a paramount importance for the quality and calibration of the data and
later for creating reflectance maps and calculating vegetation indices (VI). That is why the pre-flight software eMotion
is an inseparable part of the multiSPEC 4C calibration.

Figure 3. Multispectral camera multiSPEC 4c and its spectral characteristics. Source: (senseFly, 2010-2014)
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Table 1. Camera parameters of multiSPEC 4C
Sensors

4 x 1/3’’

Image Size

4 x 1.2MP

Max f

f/1.8

Output Formats

4-page 10-bit TIFF

Weight

Approx. 160g

Thermal camera
The thermal imagery was provided by the senseFly thermoMAP camera. It is a thermal infrared camera, featuring an
integrated shutter for in-flight radiometric calibration. This camera enables capturing video footage and still, images,
therefore, enable the creation of thermal maps for water distribution analysis of irrigation lands.

Figure 4. Thermal camera thermoMAP and its spectral characteristics. Source: (senseFly, 2017)

Figure 5. Wavelength response. Source: (senseFly, 2017)
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Table 2. Camera parameters of thermoMAP
Resolution

640 x 512 pix

Ground resolution at 75m AGL*

14cm/pix

Scene temperature

-40oc to 160oc

Temperature resolution

0.1oC

Temperature calibration

Automatic, in-flight

Output formats

TIFF + MP4 video

Weight

Approx. 134g

Operating Altitude

75-150m

*AGL – Above Ground Level
Table 3. Comparison between the multispectral and thermal camera. Source: (Nebiker & Lack, 2016)
Sensor

multiSPEC 4c

ThermoMAP

Pixels per sensor

4 sensors, 0.4MP

0.3MP (640 x 512)

Sensor size [mm]

4.51 x 2.88

10.88 x 8.70

Pixel size [µm]

3.75

17.0

GSD at 100m AGL*

20cm

18.5cm

Spectral channels

G (550±20), R (660±20), RE (735±5),
NIR (790±20)

7.000 ÷16.000

*AGL – Above Ground Level

SOFTWARE SOLUTIONS
The photogrammetric processing was done in Pix4Dmapper which was at the research team disposal at the Laboratory
of Photogrammetry at the Department of Geomatics.

FIELD WORK
In the following paper, three datasets will be analysed as three photogrammetric flights were done in the months April,
June and July. That means that three multispectral and three thermal datasets were captured.
In order to obtain absolute reflectance measurements from images, prior to each multispectral flight, a calibration has
been carried out. For a successful calibration, the lighting conditions for both the camera’s irradiance sensor and
calibration target must be the same as the lighting conditions the drone will map the area of interest.
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Figure 6. The radiometric calibration target used for calibration the multispectral camera. Photo: Paulina Raeva
The camera calibration basically consists of capturing a few images of the calibration target (Figure 6.). It is essential to
put the target on a flat surface and hold the drone with the camera at a minimum height of 50cm above the ground.
During the fieldwork, the possibility of covering the target with a shadow has been minimalized.
Basically, the radiometric calibration target is a white balance card providing with information about the reflectance
properties of the target across the electromagnetic spectrum captured by the camera. (Pix4D, 2018)
Table 4. Number of images per each flight and the achieved Ground Sampling Distance (GSD)
MULTISPECTRAL IMAGERY
Number of Images
GSD [cm]

Mapped Area [km2]

DD/MM/YY

Captured

Oriented

9/04/2017

1116

1084

16.87

1.07

9/06/2017

1120

1084

16.61

1.03

13/07/2017

1108

1092

16.64

1.01

Table 5. Number of images per each flight and the achieved Ground Sampling Distance (GSD)
THERMAL IMAGERY
Number of Images
GSD [cm]

Mapped Area [km2]

DD/MM/YY

Captured

Oriented

9/04/2017

618

605

20.99

0.78

9/06/2017

661

640

21.50

0.89

13/07/2017

1312

1314

21.71

0.74
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IMAGE PROCESSING
The post-processing took place in the Pix4D mapper software. The first step of the process is an image orientation
based on the overlap between the images and the internal and external orientation. All images have a geotag as the eBee
provides with a GPS on board. All three multispectral datasets were processed according to a customized template. The
same applies also to the thermal datasets.

Digital Surface Model and Reflectance Maps Creation
•

Digital Surface Model (DSM)

The DSM was computed according to each dataset’s GSD (Ground Sampling Distance). Two kinds of filters were
applied: Noise Filter and Surface Smoothing.
•

Orthomosaic

The orthomosaic is computed based on the DSM with the resolution of the image processing which is the value of the
GSD. Basically, four different orthomosaics have been created for a band of the multispectral datasets and one
orthophoto mosaic for the thermal datasets.
•

Image calibration for multispectral imagery

Having accomplished a calibration process in the field enables the used software to calibrate and correct the images’
reflectance according to the valued given by the calibration target. The illumination conditions at the specific date, time
and location of the image could be taken into consideration. (Pix4D, 2018) In our particular case, the type of calibration
used is Camera and Sun Irradiance.
Based on the image calibration four reflectance maps (RM) have been created, each for every band – Green, Red, Red
Edge and NIR. The reflectance map is created based on the DSM as well as the orthomosaic but the difference between
the two is that the reflectance map is radiometrically corrected whereas is orthomosaic is geometrically corrected. The
RM is created mainly with a multispectral or thermal input imagery. The goal of creating an RM is to properly compute
the reflectance from each band for a particular image feature based on a pixel value in the images. Thee pixel values are
influenced by incoming light to the sensor, ISO, aperture, shutter speed, etc.
•

Multispectral Index Maps

In order to create an index map, the reflectance maps must have been created. Basically, the index map is based on the
reflectance values from each band. For the multispectral imagery, three different vegetation indices have been applied:
NDVI, GNDVI and Red Edge.
The Normalized Difference Vegetation Index was introduced by Rouse as part of his works from 1973 and 1974
(Bannari, Morin, & Bonn, 1995). His computations were based on the Landsat channels. Nowadays, this is the most
famous and used vegetation index which formula is the following:

NDVI =

NIR − RED
NIR + RED

(1)

From a mathematical point of view, the values computed according to formula (1) will always be in the interval
between [-1; +1].
The results from the NDVI computation are shown in Table 6.
Moreover, in the following study was computed the Green Normalized Difference Vegetation Index. It is an index of
the plant’s greenness which is connected with its photosynthetic activity. GNDVI usually has smaller values than NDVI
but is really important for monitoring of irrigation processes. (Aerial Ag Imagery, 2018) The GNDVI formula is the
following:

848

Proceedings, 7th International Conference on Cartography and GIS, 18-23 June 2018, Sozopol, Bulgaria
ISSN: 1314-0604, Eds: Bandrova T., Konečný M.

GNDVI =

NIR − Green
NIR + Green

(2)

The results from the GNDVI computation are shown in Table 7.
The last index which was calculated is the Normalized Red Edge Index (NDRE). This index is used for detecting a
disturbance in the plant structure. Basically, Red Edge is this part of the spectrum between the red and near-infrared part
where a rapid change in vegetation reflectance is observed. It is suitable for early stress detection. The computation
formula of NDRE is the following:

NDRE =

NIR − RE
NIR + RE

(3)

The results from the Red Edge Index computation are shown in Table 8.
•

Thermal Index Maps

The thermal index maps are again based on the reflectance map which was created prior to the thermal index
computation. The thermal reflectance map consists of pixels which carry information about the length electromagnetic
waves. According to Figure. 5 the thermal wavelengths are longer but weaker than the wavelengths captured by
multiSPEC 4c. A thermal index was applied to the three thermal datasets which turn the pixel values into temperature
values. The formula is the following:

=
Temp[o C ] 0.01* ref .value − 100 (4)

Formula (4) computes temperature values in Celsius. The results from the thermal index computation are shown in
Table 9.
In order to present the index values in a more readable way, a classification has been done. The chosen classification is
Jenks natural breaks with 32 classes. This classification method is a data clustering method which goal is to determine
the best distribution of values into different classes. This is accomplished by seeking to minimize each class’s average
deviation from the class mean while minimizing each class’s deviation from the means of the other group. (Wikipedia,
2017)
The authors think that the more classes there are, the more representative the map is. But from a precision agricultural
point of view 4-5 classes could be enough. More analysis is available in the discussion part.
For visual comparison between the results from the index maps, only the NDVI and thermal index maps are shown.
Graphically the results from NDVI and GNDVI maps are similar.
The NDVI and thermal maps from April 2017 are shown in Figures 7,8, from June 2017 – Figures 9, 10 and from July
2017 – Figures 11, 12.
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Figure 7. NDVI map based on multispectral imagery from April 2017

Figure 8. Thermal map with the respective temperature scale in Celsius from April 2017
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Figure 9. NDVI map based on multispectral imagery from June 2017

Figure 10. Thermal map with the respective temperature scale in Celsius from June 2017
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Figure 11. NDVI map based on multispectral imagery from July 2017

Figure 12. Thermal map with the respective temperature scale in Celsius from July 2017
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Table 6. NDVI values for each individual multispectral flight, their standard deviation, variation and hour at which the
flight took place
NDVI

Min.

Average

Max.

σst.dev.

Var.

Hour

9th April
2017

Multispectral
data

0.37

0.76

0.93

0.05

0.00

15:00h

9th June
2017

Multispectral
data

0.10

0.57

0.91

0.10

0.01

12:00h

13th July
2017

Multispectral
data

0.29

0.78

0.92

0.08

0.01

15:00h

Table 7. GNDVI values for each individual multispectral flight, their standard deviation, variation and hour at which
the flight took place
GNDVI

Min.

Average

Max.

σst.dev.

Var.

Hour

9th April
2017

Multispectral
data

0.50

0.72

0.84

0.03

0.00

15:00h

9th June
2017

Multispectral
data

0.36

0.55

0.81

0.05

0.00

12:00h

13th July
2017

Multispectral
data

0.42

0.68

0.82

0.06

0.00

15:00h

Table 8. Red Edge values for each individual multispectral flight, their standard deviation, variation and hour at which
the flight took place
RE

Min.

Average

Max.

σst.dev.

Var.

Hour

9th April
2017

Multispectral
data

-0.66

0.17

0.74

0.09

0.01

15:00h

9th June
2017

Multispectral
data

-0.31

-0.06

0.69

0.08

0.01

12:00h

13th July
2017

Multispectral
data

-0.97

-0.45

-0.02

0.13

0.02

15:00h

Table 9. Temperature values for each individual thermal flight, standard deviation, variation and hour at which the
flight took place
Temperature

Min.

Average

Max.

σst.dev.

Var.

Hour

9th April
2017

Thermal data

12.98

17.55

20.77

0.82

0.67

15:30h

9th June 2017

Thermal data

25.14

31.93

39.60

1.94

3.76

12:30h

13th July
2017

Thermal data

14.22

20.09

26.38

1.42

2.02

15:20h
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RESULTS AND DISCUSSION
The results from the study are presented as index maps from each flight. From the three multispectral flight, three
different index maps have been created – NDVI, GNDVI and NDRE. The results from the GNDVI and NDRE are
shown in numbers in Tables 8,9. In the graphical part, only the NDVI maps are shown. From the three thermal flights,
three thermal maps have been created.
Despite not having it as a goal in that study, the authors have noticed an unreasonable development of the indexes from
the three months. The logical way, considering the geographic location, is to have increasing temperature and index
values. We have noticed that the flight from April and July happen around 15 o’clock in the afternoon. The flight from
June was done practically at noon. Surprising as the may seem, all index values from June are lower than these in April.
We consider as the next part of our study to take into account the illumination as it might have a significant effect on the
reflectance values. Another reason for the lower values could be the GSD achieved – 21cm. The GSD from April and
July is only 17cm.
From the graphical material, it is noticeable that the NDVI and thermal values are related. In June 2017 the parts with
low NDVI values around 0.2 – 0.3 are also the parts with high temperature. Basically, the thermal maps show not only
the temperature but also indicate dry or wet surface. Meaning, the low temperature is an indicator for a wet surface. In
July, we could notice the very similar relation between the NDVI values and the temperature. Once more, the parts with
low NDVI values are also the parts with high temperature. This relationship between the NDVI and thermal values
could mean that either the plants are stressed and already dry or that the plants are really sparse. In such cases, a field
check is needed.

Figure 13. Comparison between the NDVI and GNDVI values from April, June and July 2017. It is noticeable that the
June data has the lowest values could be even problematic as stated in the results.
Similar UAV mapping could be done whenever and wherever the agronomists need. The current study shows a great
potential for using UAV photogrammetry for agronomic purposes. A UAV flight takes of a similar study area takes up
to 15-20 min. The post-processing could take up to 2 hours. All of these facts mean that in less than 3 hours an
agronomist could have a relevant information of their land and potential problems to be solved. As in this particular
case, we have indicated a spot in the field which persisted dry for two months. In that way, a specialist has a purposeful
idea of which place to check as soon as possible. Moreover, the presented analysis is based on part of the invisible
electromagnetic spectrum, meaning that even of the agronomists have the physical time to inspect their field in person,
they may not be able to detect the potential problems. On the other hand, agronomical tests in laboratories could take up
to two weeks.
In order to have a more representative index maps, the authors have decided to use more 32 classes in their
classification. In reality, of this index information is needed to be imported in a tractor, it is advisable to use other
classification methods in order to calculate the chemical products. These methods could be a classification by either
equal area or equal division of the index values between minimum and maximum.
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Abstract
Airborne LIDAR technology is one of the most widely used rapid solutions for producing 3D dense point cloud. Also,
automatic feature extraction is under 3D Modelling studies in Geographic Information Systems (GIS). There are
several techniques for reconstruction and classification in this field. RANSAC (RANdom SAmple Consensus) is one of
the data processing method in order to use LIDAR data. Additionally, another technique for feature extraction is object
based point cloud analysis . In this paper, RANSAC are used for feature extraction on 3D Airborne LIDAR data.
Thestudy area is selected in Turkey. Roof planes are detected by using both methods. A code is written on MATLAB
software for RANSAC algorithm. eCognition software is used for object based point cloud analysis. In this analysis,
very high resolution satellite images are combined with 3D point cloud of the study area. In the result of the study, the
roof geometry that is obtained using both methods are compared scientifically in terms of area and number of points. In
the conclusion step, the results are discussed and future works are planned.
Keywords: 3D Point Cloud Processing, Object-Based Image Analysis, Feature Extraction

INTRODUCTION
In 21th century, preserving natural sources in long-term, sustainability applications and environmental monitoring have
crucial importance for all around the world. In this manner, solar energy applications, planning urbanization
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professionally are also some of the common sights. In crowded cities, planning the new urban areas is one of the main
topics of decision-makers, and planners. Developing technology has many advantages for also monitoring urbanization
in urban and rural areas also. Automatic roof detection methods are spreading around with using effective techniques in
order to detect and monitor the buildings of urban areas. Identifying natural or man-made changes is possible with
Remote Sensing (RS). Remotely sensed data is widely used for rapid solutions as monitoring the Earth surface. Feature
extraction techniques are widely used for observing and analysing special objects. Land cover and land use classes are
used for regional and global monitoring. Land use and land cover classification is produced and updated in many
organisations rapidly. New technological developments facilitated for economical and high accurate solutions for these
processing and analysis. Besides very high resolution images, Airborne LIDAR technology utilize many advantages for
semi-automatic extraction process. In the study, it is aimed to detect roofs with using separate algorithms for analysing
effectiveness of the remote sensing technologies as well. Also, different algorithms performances are tested for
interpretation and testing before conducting extended areas. In this study, automatic roof detection is conducted as
different methods. Very high resolution satellite image and point cloud are used for the application. In selected test area,
total areas of the roofs are calculated and showed in the tables. As result, roof areas are calculated separately in the end
of the study with two different methods. The results are shown in the tables, for interpretation and visualized as figures.
Several advantage /disadvantages are discussed in the end of the study.

RELATED WORKS
Researchers from photogrammetry and computer vision disciplines have interested in studies on building detection.
Some researchers used image data only, while some used only LIDAR, others built a two-way integration (Demir,
2015).
Forlani et al. (2005) apply RANSAC algorithm to detect building roof planes automatically using a partition in 8 classes
of the gradient orientation. In this study, raw LIDAR is classified as buildings, terrain and vegetation. The classification
results have been verified with digital large-scale maps, in 1:5 000 scaled aerial images and by laying the colour-coded
DSM upon the classification raster image. But comparison between LIDAR and raster data is not aimed.
Sohn and Dowman (2007) suggest a hybrid method for automatic building extraction. Their method include
combination of IKONOS images and low-resolution LIDAR data. Firstly, building cluster was defined using height
attribute of laser data. And, IKONOS image was classified using Normalized Difference Vegetation Index (NDVI) to
detect building edges. Building edges that obtained from two data (collected by either data-driven or model-driven
manner) are integrated in order to eliminate the weakness of both methods. This method has a detection percentage of
90.1% (the correctness) and the overall quality of 80.5%.
Kurdi et. al. (2008) represent an extended version of RANSAC algorithm for detecting building roof planes from point
cloud. Fundamentally, they add two new improvements to RANSAC algorithm. First, a standard deviation condition is
accepted to decrease the negative influence of the distance tolerance threshold t. Second, mathematical morphology
procedures on the binary Digital Surface Model (DSMb) calculated for removing noisy points and lost points on
LIDAR data.
Kim and Habib (2009) integrate photogrammetric and LIDAR data to extract complex building roof planes. Building
roof planes hypothesis is generated for LIDAR data and detected primitive boundaries of roofs. These primitive
boundaries are refined with integration of photogrammetric and LIDAR data. The correctness and completeness values
and ratios of the study area were 89% and 95%, respectively.
Zhang et al. (2014) proposed primitive-based 3D building roof modelling method. The main idea is representing
building roofs by parametric primitives and construct cost functions using information from both LIDAR data and the
aerial imagery. 3D building models have average root mean square error of 0.6 m in XY plane and 0.1 m in Z direction
in the study case.
The studies focused on application of methods. Although other studies try to integrate methods on LIDAR data and
satellite images, in this paper, we compared two different methods. RANSAC is used for detecting planes from LIDAR
data. Object based classification is used for detecting planes from high-resolution satellite images.

DATA AND METHODS
Data
In the application as remotely sensed data, Pleiades satellite image and airborne laser scanner (also known as LIDAR)
data are used for detecting roof planes and calculating areas of the roofs. Satellite image’s acquisition date is November
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the 9th 2014. It is produced in ground control stations after pre-processing steps. The Pleiadas satellite sensors are
produced and supported by AIRBUS Defence and Space units. High resolution images are produced and encourages to
use for many applications. Also, LIDAR data’s capture date is between September the 13th -November the 7th, 2014. It
is captured by Republic of Turkey General Command of Mapping. As satellite image, Pleiades-1A is used for the
application. The spatial resolution of Pleiades-1A images are in the range of 0.5 - 2 meter resolution.

METHODS
Random sample consensus (RANSAC)
RANSAC was developed by Fischer and Bolles (1981) and is mostly used for shape detection. Basic concept of
RANSAC algorithm differs from traditional object detection method. In traditional method, maximum amount of point
is used as input. Then unsuitable points are filtered and data are decreased. But, in RANSAC, minimum number of
point, for example three points define a plane, is selected randomly and used as input (Polat and Uysal, 2017). Then, the
remaining points are tested in order to match the corresponding shape. The algorithm does not continue until all points
have been tested. Instead, the number of “s” that matches a selected, “p” probability value is used to calculate the
model, and this selection repeats N times until it is determined as well (Schnabel, 2007). The number of trials N can be
calculated using equation (1).
𝑁𝑁 =

log(1−𝛼𝛼)

log(1−(1−𝜀𝜀)𝑠𝑠 )

(1)

In equation (1), s is the minimum number of the points that are needed to define as model shape (for plane s=3).
After certain number of iterations, the model that have the largest number of inliers is extracted and the algorithm
continues to process remaining data (Li et al., 2017) .
In this study, Marco Zuliani’s RANSAC algorithm (Zuliani, 2008) was used. The algorithm is named as MSAC that is
RANSAC based algorithm. M-estimator Sample Consensus (MSAC) was implemented by Torr and Zisserman (2000).
There is only difference between RANSAC and MSAC is the evaluation of inliers and outliers. In RANSAC, each
model is scored with its number of inliers. In MSAC, the score of each inliers is weighted, based on how well it fit the
model.
Some advantages of RANSAC algorithm:
•

It has basic concept and easily performed.

•

It has general paradigm that is used in wide application areas.

•

It also works on data with an outlier value of more than 50% (Schnabel, 2007)

In this paper, the algorithm is applied several successive times to detect the whole roof planes. In each iteration, the set
of considered points is removed from the original cloud. This operation is repeated until the number of non-modelled
points becomes smaller than a given threshold (Kurdi et al., 2008).

Object-Based Image Analysis (OBIA)
RS technologies are commonly used for environmental monitoring. This includes, urbanization, forestry, agricultural
monitoring and so on. RS applications are effective for using detecting boundaries, as well. Land administration issues
are widely dominated by RS all around the world. Orthomosaics (with using aerial images)and satellite images are
proper for edge detection and producing cadastral maps those have boundaries. In those manner, very high resolution
and middle resolution images are sparely preferred for producing land cove and land use maps. Behalf of field surveys
for all processes, using RS technologies have many advantages such as being economic, time-saving, and more proper
for most of conditions (weather, rapidly producing, updating and so on). Throughout the years, free and middle
resolution satellite images are used for image processing. These processing includes classification for producing
thematic and topographic maps. Classification methods are several and based on the needed application, as well. With
developing technology, resolution of satellite images are improved fast by time. Besides usage of pixel based image
analysis, some new perspectives are improved for higher resolution images continuously. Additionally, pixel-based
image analysis, object-based image analysis is started to be preferred especially for high-resolution images. In several
analysis, pixel-based analysis have some limitations. Segmentation-based classification shows finer results with
comparing usual per-pixel methods according to results of the applications (Blaschke, 2001). Pixel-based Object-based
image analysis (OBIA) includes, segmentation, and object-based classification processes as differently. Segmentation
step is required for grouping related pixels. Image segmentation advises extracting segments as spatial and spectrally
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grouped pixels according to geometrical, topological and/or textural characteristics (Schöpfer et al., 2010). Moreover,
based on the application segmentation parameters are changed by the specialist of OBIA.

APPLICATION
RANSAC algorithm and object-based classification were applied to LIDAR data and satellite image, respectively. It is
aimed to detect roof plane surface and compare both methods aspects for calculating surface areas (Equation 2).
𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 (%) = 100 − �

𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴−𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 𝐴𝐴𝐴𝐴𝐴𝐴𝑎𝑎
𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴

�

(2)

In this study, Bergama-Turkey is chosen as study area. Aerial LIDAR data and high-resolution satellite image were
used for comparison. LIDAR data was produced by Republic of Turkey General Command of Mapping. The data was
collected between September, the 13th and November, the 7th 2014 in Bergama. Cloud density is 2 point/m2 (Kayi et
al., 2015). A prison area was selected as application area. There are 10 roof planes in the site area.

Figure 1. LIDAR data of the study area

Figure 2. Roof planes detected by RANSAC algorithm

RANSAC algorithm is performed using MATLAB software. At first, the point cloud was cut as a height threshold for
obtaining ground plane of the area. Thus, every remaining point in the cloud was accepted as a point of the plain. 8 of
10 planes were detected. In each iteration largest plane was detected in the algorithm. Then, the plane that is founded
was deleted for the next iteration for finding other planes.
The selected area of satellite image is shown as Figure 1 below. Satellite image of Bergama is obtained as 2 meter
spatial resolution of panchromatic band and 0.5 meter spatial resolution of multispectral bands. These are used for pansharpening process. In the end of the process, 0.5 meter spatial resolution image is produced. Throughout the years,
pixel-based image classification is performed for many kind of applications. However, OBIA has some advantages in
several aspects, especially for very-high resolution images. In the application, segmentation is performed for indicating
easily automated odds and time-saving contribution to the study. Thus, OBIA side of the study focuses on segmentation
of remotely sensed image. eCognition software is used for performing image segmentation. Objects are produces from
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segmentation for roof of the buildings. The objects are shown as in Figure 2 below. The selected roof of the areas are
shown as red segments. After determining of the segmentation parameters, the roof areas of the buildings are calculated
the total amount of the pixel numbers for each segments. Roofs are able to determined mostly as one segment -only one
of them is two segment groups.

Figure 3. Selected Area in Bergama District

Figure 4. Image segmentation of prison area buildings
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RESULTS AND DISCUSSION
As a result, the area of each plane was calculated. Reference area values were calculated as manually using high
resolution satellite image. LIDAR data resolution was not enough to draw planes. The planes are compared according to
their area values. But, the planes have some curvature. Because of this, planes detected by RANSAC were projected.
Thus, comparison of the areas would be more proper. The result of comparison is given table 1.
Table 1. Comparison of the roof plane areas obtained from both methods
PLANES

RANSAC (m2)

OBJECTBASED (m2)

REFERENCE
(m2)

PLANE 1
PLANE 2
PLANE 3
PLANE 4
PLANE 5
PLANE 6
PLANE 7
PLANE 8
PLANE 9
PLANE 10

277.83
314.65
249.91
286.17
157
166.92
137.71
147.73
-

261.75
286.5
249
270.75
169.25
169.25
163
144.25
115.25
122.25

274.98
312.06
259.31
294.28
166.63
167.05
184.85
140.75
175.31
115.61

Ratio of
Correctness
(RANSAC)
98.96
99.17
96.37
97.24
94.22
99.92
74.50
84.27
-

Ratio of
Correctness
(Object-Based)
95.19
91.81
96.02
92.00
98.43
98.68
88.18
97.51
65.74
94.26

Some planes are not detected using 3D RANSAC. Because some points in point cloud are not available for initial model
parameters in 3D RANSAC. All planes were detected using object-based classification. The sunlight affects the satellite
images. Shadows in the image could be detected as roof plane by object-based classification. LIDAR is not affected by
the sunlight. 3D RANSAC algorithm have more completeness than object-based classification.
Resolution of both LIDAR and satellite image can affect methods performances. The application can be made on datas
that have high resolution from data used in this study. Thus, the algorithm can be applied on more flat planes. Also, the
study area could be larger.
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Abstract
The article describes the design of a methodology for creating special cartographic symbols for thematic maps. Three
main aspects were highlighted in the proposal: 1. readability of symbols when displayed under different scales; 2.
maximum possible a lot of information contained in the symbol; and 3. respecting of cartographic rules. After a series
of experiments, it was found that the optimal format for representing point symbols is the EMF vector format. The
methodology was developed for 2 classes of cartographic symbols: point and line symbols. Line symbols have been
developed to transform them from ArcGIS desktop to ArcGIS Online. The authors have created a series of symbols for
thematic maps representing the Moravian Wine Cycle Trails in ArcGIS Online. In case of point features were created
for categories: winery, refreshments, services, accommodation, points of interest, institutions. In the line features
category were created symbols primarily for communications. From these symbols it is possible to determine the type of
communication, the type of surface and its difficulty in terms of cycling. Different categories (difficulty, type of surface,
etc.) can be combined. The final application is available at [14].
Keywords: cartographic symbols, thematic maps, ArcGIS Online

INTRODUCTION
South Moravia is becoming an increasingly popular tourist destination not only for our but for foreign tourists as well.
An integral part of the stay in South Moravia is the visits to wine cellars, vineyards, and various wine events. A very
important place in wine tourism is obtained by the Moravian wine trails which were chosen for the years 2014-2019 by
CzechTourism Agency as one of three top products of the Czech Republic in the field of active tourism. In 2013 the
renowned travel guide Lonely Planet indicated South Moravia and its wine trails in the list of 10 most interesting
regions of Europe.
It should be noted that tourism development should not be just an economic benefit to the region's development, but
should also contribute to the protection of natural and cultural heritage, which in South Moravia is double truth.
Tourists who plan to stay in South Moravia should have a valuable source of information from which he could draw not
only about the route information and interesting places of the stay, but also the information about possible refreshments,
accommodation and related services. Currently, it is expected that the Internet could be the main source of information,
especially the specialized mapping portal. Furthermore, it can be assumed that a large proportion of tourists already has
a qualitive mobile device or tablet with an internet connection available, so it is possible to have the necessary data in a
suitable form and on-line right on the cycle tracks.
Currently, there are 10 wine trails in South Moravia; their names are derived from the names of wine regions. These 10
trails are then con-nected to the backbone Moravian Wine Trail, which is 280 km long. The total length of trails reaches
1200 km. The trails are marked with different colors and the logo of Moravian Wine Trails on each direction and
information board. The color of the logo determines the location of a tourist on one of the trails. Routes are marked
separately and in combination with other cycle tracks. The summary of the trails is in Figure 1.
The following contribution deals with the methodology of creating of cartographic symbols for special maps in wine
cycling tourism and theirs correct visualization in web application. A similar problemacy the authors solved in the
publication [1].
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Figure 1. Moravian Wine Trails

RELATED WORKS
The creation of cartographic symbols is devoted to a number of publications, of which we select only those that have an
immediate relation to our article.
Paper [2] describes experiences in some countries in our environment, as well as use of modern GIS architecture and
production of cartographic symbol keys in the Web Map Server environment. It is a new approach and adapting to
software platforms and it means display and visualisation of geospatial reality of increased quality.
Proportional symbol maps are a cartographic tool that employs scaled symbols to represent data associated with specific
locations. In [3] the symbols are considered as opaque disks, which may be partially covered by other overlapping
disks. The problem is focused on creating a suitable drawing of the disks that maximizes one of two quality metrics: the
total and the minimum visible length of disk boundaries. The authors study three variants of this problem, two of which
are known to be NP-hard and another whose complexity is open. A novel integer programming formulations for each
problem variant and test them on real-world instances with a branch-and-cut algorithm was proposed. When compared
with state-of-the-art models from the literature, these models significantly reduce computation times for most instances.
The quality of dynamic map symbols plays an important role in the representation of spatial-temporal changes. The
paper [4] reports an investigation into the quality of dynamic symbols. To assess the quality of such symbols, a set of
traffic flow data is used for the production of different kinds of dynamic maps, with focus on four variables, i.e. size,
color, frame rate and display format. Two quantitative measures are used for analysis, i.e. deviation and response time.
A set of traffic data is used for the production of dynamic maps for evaluation. The experimental results show that the
size is more efficient and more effective than color for dynamic maps with the same frame rate and display format. The
most efficient and effective color class number is 10 on the large format display such as 1024 x 768 pixels. And the
most efficient and effective size class number is 15 on large format display such as 1024 x 768 pixels. The effective
frame rate for dynamic map animation is smaller than that of the general animation on the Internet or Quick Time and
AVI format video. The most efficient and most effective frame rate is 3 frames per second in the color expression and 6
frames per second in the size expression. In sum, the effective and efficient value of color, size and frame rate on large
format display is less than the value on the small format display. These results suggest the frame rate should be reduced
on the small format display. It is hoped that the results from this study will be of help in the design of effective and
efficient dynamic map symbols for geographical information visualization.
Landmarks are intuitively used in navigational processes as conspicuous points for orientation [5]. Graphical guidelines
that ensure a quick visual encoding and easy mental representation in maps do not exist. To breach this gap, an
experiment is conducted on three study groups to test whether landmarks are most effectively displayed as vignettes,
icons or text symbols in abstract maps. Eye tracking techniques and interviews are carried out with 21 participants to
identify the symbol class offering the quickest visual recognition and a detailed mental representation in cognitive
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maps. The results show that the fixation duration had little variation when the three symbol classes were shown. The
landmark symbol class achieving the highest average memory score was the text symbol.
On the basis of initial studies devoted to a better understanding of how the public user (a pedestrian in the city)
perceives cartographic symbols in the mobile augmented reality system, in [6] was present an attempt to determine the
threshold values of differentiation for three visual variables. The variables of size, transparency, and focus were
implemented into image point symbols representing five types of objects. The set of symbols was designed in
accordance with the rules of cartographic design taking into consideration an analysis of 19 professional tourist works.
The symbols were presented on the screen of a mobile device in a system imitating the augmented reality system
against four different backgrounds: white, a wall, and two typical urban landscapes. The results of an internet survey
conducted using a tablet at four locations in Poznan (Poland) allowed us to determine the following: threshold
differentiation values for the analysed variables, indication of the dependence on the type of background displayed on
the mobile device in augmented reality, and the advantage of using a combination of visual variables.
The paper [7] presents the performance of an experimental cartographic study towards the examination of the minimum
duration threshold required for the detection by the central vision of a moving point symbol on cartographic
backgrounds. The examined threshold is investigated using backgrounds with discriminant levels of information. The
experimental process is based on the collection (under free viewing conditions) and the analysis of eye movement
recordings. The computation of fixation derived statistical metrics allows the calculation of the examined threshold as
well as the study of the general visual reaction of map users. The critical duration threshold calculated within the
present study corresponds to a time span around 400 msec. The results of the analysis indicate meaningful evidences
about these issues while the suggested approach can be applied towards the examination of perception thresholds
related to changes occurred on dynamic stimuli.
The article [8] addresses the measurement and assessment of response times and error rates in map-reading tasks
relative to various modes of linear feature visualization. In a between-subject design study, participants completed a set
of map-reading tasks generated by approaches to a traffic problem. These entailed quick and correct decoding of
graphically represented quantitative and qualitative spatial information. The tasks first involved the decoding of one
graphic variable, then of two variables simultaneously. While alternative representations of qualitative information
included colour hue and symbol shape, the quantitative information was communicated either through symbol size or
colour value. In bivariate tasks, quantitative and qualitative graphical elements were combined in a single display.
Individual differences were also examined. The concept of cognitive style partially explains the variability in people's
perception and thinking, describing individual preferences in object representation and problem-solving strategies. The
data obtained in the experiment suggest that alternative forms of visualization may have different impacts on
performance in map-reading tasks: colour hue and size proved more efficient in communicating information than shape
and colour value. Apart from this, it was shown that individual facets of cognitive style may affect task performance,
depending on the type of visualization employed.
Proportional symbol maps are a cartographic tool to assist in the visualization and analysis of quantitative data
associated with specific locations (earthquake magnitudes, oil well production, temperature at weather stations, etc.).
Symbol sizes are proportional to the magnitude of the quantities that they represent. Paper [9] presents a novel integer
programming model to draw opaque disks on a map with the objective of maximizing the total visible border of all
disks (an established measure of quality). The authors focus on drawings obtained by layering symbols on top of each
other, known as stacking drawings. They introduce decomposition techniques, and several new families of facetdefining inequalities, which are implemented in a cut-and-branch algorithm. They assess the effectiveness of theirs
approach through a series of computational experiments using real demographic and geophysical data.
The paper [10] deals with problem related areas of cloud cartography. In its long history, cartography has always been
at the forefront of adapting to new tools. The computer, first introduced 60 years ago, has represented perhaps the
greatest change in how maps are made. The further combination of computers and communication technology changed
how maps are distributed - and how they are used. Maps became more interactive and animated. The cloud, the nexus of
computers and communication technology, is the most recent symbol of this change. While often simply defined as
using the processing and storage capacity of data centres, the cloud is interpreted here as representing a workspace for
the continued development of maps as a form of both analysis and communication. Examined are the development and
formation of the cloud, the distribution of multi-scale pan-able (MSP) maps, and other related areas of cloud
cartography.
Based on the set-theoretic approach, a formal model is proposed for the synthesized screen image of a dynamic situation
in areas of monitoring mobile objects in publication [11]. The essence of the model lies in varying the description of
sets of aggregated static and dynamic objects that form the information filling of an adaptive dynamic scene with
allowance made for the context of a given object domain. An algorithm is developed for layerwise visualization of the
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contextual cartographical background with the use of the types of cartographical objects that are singled out in the
model. The model is implemented in a web-oriented geoinformation system of monitoring mobile objects that operates
according to the MVC concept and has a client-server architecture. To implement it, the following complex of modern
web technologies is used: PHP and MySQL on the server side and AJAX and jQuery on the client side. The module of
addition/elimination of information on moving objects in a dynamic scene interacts with Google Maps Web Services
without creating critical loads on the server side of the system.
The legend is an important map component. Legend design is one aspect of map design, which forms an important topic
in cartography. From the literature, it is found that only one study was dedicated to the building of cartographic rules for
effective legend design, and no systematic investigations into the building of grouping rules for proper determination of
the grouping of legend features (symbols + text descriptions) had been carried out. The study [12] is therefore devoted
to the building of grouping rules based on Gestalt laws. An experimental evaluation of these developed rules was
designed and conducted. The results indicate that a legend designed by considering these new rules is significantly more
efficient than others violating these rules.
Image maps have become very popular and frequently produced cartographical outputs during recent years. However,
the unambiguous terminology, definitions, content and appearance specification have not been widely researched. The
paper [13] deals with the new definition of image map, its components delineation, and basic classification. The authors
understand the image map as a special map portraying geographic space in a particular cartographical projection and
map scale, where its content consists of two basic components - image and symbol components. Image component is
represented by remote sensing image(s), while symbol component is represented by cartographical symbols. An image
map has to have three essential attributes: cartographical projection, map scale and symbol component by means of map
language. The authors also present aspects of topographic and thematic image maps.

MATERIALS AND METHODS
The goal of the article is to design special cartographic symbols for use in cycling. The authors focused on the following
features:
1. point and
2. line elements.
In case of point symbols it was necessary to divide the phenomena into classes (categories) - see Tab. 1. For each of
these categories, an uniform character has been created, whose internal content (drawing) specified the individual
phenomenon of the given category. Affiliation to a given category is expressed in contour or fill color, or by combining
of these attributes - see Figure 4.
Additionally, it was necessary to resolve display compatibility in ArcGIS Desktop and ArcGIS Online. After a series of
attempts, the universal *.EMF format was selected. The procedure is based on the vectorization of the raster character see Figure 2.

Figure 2. Transform of point symbols into *.EMF format
Line elements of the cycle tracks are primarily divided into two types: Main and Secondary (alternative trails). For both
variants the data on the type of roads, type of the appropriate bicycle, difficulty and surface are collected. The main trail
is then divided into sections of about 10 km, which contain information about the route profile. Each category of the
trail is distinguished by the colour, thickness and the type of lines, so that the user in any combination of layers turned
on got clear and well aranged information.
According to on the type of road line elements are divided into roads of the categories I., II., III., local and tertiary
roads, cycle tracks and lanes.
According to the type of bicycle they are devided into road, mountain and trekking ones.
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According to the difficulty the trails are divided into the easiest, medium and the most difficult ones.
According to the surface type asphalt, paving, clay, gravel and other surfaces are distinguished.
As a special linear element the lines of cellar lanes are kept, which form the complementary information to the point
element of cellar lanes and only show the spatial configuration of the streets’ network.
Each of line element then contains a combination of the above attributes - see Figure 6.

Table 1. Categories for cartographic symbols for special maps in wine cycling tourism
It was also necessary to solve the display of characters depending on the current scale (zoom). After a series of
experiments, this strategy was chosen: Due to the readability of the line elements, four sets of linear element sizes were
created. Boundary scales are: 1: 10,000 (ZM 10), 1: 25,000 (ZM 25), 1: 50,000 (ZM 50). For point elements, 2
character sets have been created with gradual imaging according to importance. The boundary scale is 1: 25,000. The
point elements are displayed according to the following rules:
•

vine, refreshment – displayed for all scales

•

shops and others – displayed from scale 1 : 40 000

•

accomodation – displayed from scale 1 : 25 000

•

points of interest – displayed from scale 1 : 15 000

•

Institutions, train stations, cycle points – displayed from scale 1 : 10 000

The concept of the proposed cartographic characters was stored in ESRI personal geo-database - see Figure 3.
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Figure 3. ESRI Personal Geo-database

EXPERIMENTAL RESULTS
According to the methodology described in the previous chapter, point cartographic symbols were proposed. They were
divided into 4 groups and their overview is shown in Figure 4.

Figure 4. Design of point cartographic symbols
Automatic switching of map layers in ZM 10, ZM 25 and ZM 50 scales is shown in Figure 5. The other maps data
(orthophoto, Open Street Map etc.) are activated by the user himself.
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Figure 5. Automatic visualization of cartographic symbols in various scales
The design of the line elements is shown in Figure 6. The design includes the attributes of these categories: the type of
communication, the type of surface and the difficulty of driving. The final form of the line character is in Figure 6d.
a) Type:
• road of I. class
• road of II. class
• road of III. class
• local road
• tertiary road
• cycle tracks
• cycle lanes
c) Difficulty:
• easiest
• medium
• the most difficult

b) Surface:
• asphalt
• paved
• concrete
panel
• gravel
• clay
• other

d) Example: cycle trail on road of I. class, asphalt
surface, easiest difficulty

Figure 6 Visual form of line cartographic symbols
The proposed cartographic symbols were used in the GIS information system of cycle touristic Moravian wine trails.
The application was created in ArcGIS and published to the ArcGIS Online module - see Figure 7.

Figure 7. Application in ArcGIS Online
The application contains all the necessary information for cyclists. In addition to routes and important points of interest,
you can view photos and attribute tables of selected objects - see Figure 8.
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Figure 8. Application in ArcGIS Online with the next information of the selected objects
Another important user information is to display the profile of the selected track - see Figure 9.

Obr. 9. Publication v ArcGIS Online – displaying of the profile of the selected route

CONCLUSIONS
In the article, point and line cartographic symbols were proposed for use in the purpose of the maps for cycling in the
area of Moravian wine trails. Point elements have been divided into several categories (vineyards, shops and other
services, accommodation, refreshments, places of interest, institutions and cycle point elements). The categories are
uniquely color-coded, and the specific phenomenon is specified by the internal drawing in the character. Linear
characters have been designed to provide information on these parameters: communication class, surface and difficulty.
The specific line element is displayed as a union of all of the listed attributes. The characters were implemented in the
GIS information system of cycling trails in Moravian wine-trails. The application was created in ArcGIS and published
into the ArcGIS Online module. The *.EMF format was used to support the point-to-point character compatibility
between ArcMap and ArcGIS On-line. The ArcGIS Online application allows you to view additional information
(attribute table, photo, etc.) for selected objects. It also solves the dynamic display of point and line characters with
respect to the current map scale. The user can also view the profile of the selected track. The application is available at:
[14].
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Abstract
This paper presents the experience and knowledge from the implementation of security geodetic monitoring of
structures where the most important role plays the connection of state-of-the-art measuring and information
technologies. The use of geodetic robotic measuring stations enables the automated acquisition of coordinate data on
the spatial position in the key locations of the monitored building construction and from them to evaluate geometric
deformations in real time. Security monitoring is of particular importance for building structures at the end of their
lifetime what could endanger the health and lives of people. This concerns the monitoring of large roof structures of
sporting arenas, particularly in winter under snowfall impact, or the static testing of nuclear power plant constructions,
or reconstruction of historical cultural heritage sites, the damage or destruction of which would have irreparable
consequences. Implementation of security monitoring of various building constructions in different conditions has many
pitfalls. Therefore, the flexibility of the measuring system, the accuracy and reliability, the simplicity, the speed, the
clarity and the availability of the evaluated information and the output from the monitoring system need to be
addressed.
Keywords: security monitoring, monitoring information system

INTRODUCTION
Security monitoring of building structures is generally a difficult problem. Particular importance is played by building
structures at the end of their lifetime, when changes in their properties may occur, and monitoring should detect these
changes in time to prevent building structures from becoming a potential source of health and human health hazards. In
2017 there was an unexpected fall of the bridge structure in Prague - Troja [1]. A non-geodetic monitoring was installed
on the building construction, which proved to be ineffective, because a minute and a half before the construction crash,
it sent information to the monitoring system that everything was OK. In the crash, four people were seriously injured,
fortunately there were no losses of human lives.

Fig. 1 – Footbridge in Prague – Troja [1]

Fig. 2 – Collapse of the footbridge in Prague – Troja [1]

Implementation of security monitoring of various structural constructions in different conditions has many pitfalls.
Therefore, the measurement monitoring system must be flexible, accurate and reliable, the simplicity, speed, clarity and
availability of the evaluated information and output from the monitoring.
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The subject of the paper is the issue of security monitoring within the framework of the rescue project and the opening
of the Helfštýn Castle palace in 2017. Helfštýn Castle (Helfenstein in German) was probably built in the last quarter of
the 13th century and its founder and first owner was the Silesian nobleman Friedrich from Linnaeus. The monumental
castle architecture of Helfštýn rises above the valley of the Moravian Gate. The castle was built on an area
approximately 50 m long and 30 m wide and was already fortified with a strong protectve wall, completed in the south
by a massive round tower. On the northern side was situated a simple castle palace, which had two storeys outside the
cellars. The whole area of the castle was surrounded by a wide parkan, behind which a protective ditch was excavated.
The entire castle complex is made up of many constructive and fortification buildings. The castle has five gates, a
number of bastions, towers, and an extensive system of inner and outer fortifications. Its area is one of the largest castle
complexes in Europe. There are three permanent exhibitions at the Helfštýn Castle - Artistic Smithing, Historical Mint
and Exposition of Archeology. The existing palace of the castle is a ruin. Only the perimeter and partition masonry of
the two above-ground floors are preserved. During the reconstruction of the palace, statically definite structures (simple
beams), which most naturally use static masonry capacity, i.e. its resistance to compaction, were utilized as much as
possible. Therefore, it has been proposed to rehabilitate the existing masonry by statically securing it to be preserved as
far as possible in its present form only by the necessary interventions. New building structures are introduced into this
torsion treated that have aesthetic and utility function. The visitor will then walk through rooms that will be differently
spaced, low, high, narrow, wide, majestic, chamber, bright, darker. A new route is inserted into the old walls of the
palace to guide the visitor on all floors of the palace, as well as to the ruins of the palace, bringing it closer to
architectural articles, attractions in the masonry, and giving him a partial view of the palace from above. The new
construction uses the basic triple of materials - sheet steel, polished concrete, glass. As a fundamental and clear request
from the Heritage Institute, the solution of the roofing was a sagittal way that would not exceed the existing height and
volume of the castle. The omission of the roofing in several rooms enhances the appearance of the palace as a torsion of
the original structure [2].

Fig. 3 – Helfštýn castle complex [2]

Fig. 4 - Palace visualization after reconstruction [2]

The original historical material underwent a process of weathering, ripening and aging. The object of the castle palace
stands on a rock bed, which is locally weathered. The purpose of geodetic monitoring of selected building structures of
the castle was to ensure the safety of construction workers during remediation and to check the stability of historic
structures whose damage or destruction by construction activities would have irreparable consequences.

RELATED WORKS
Paper [3] focuses on the integration of geodetic monitoring and geotechnical modeling for analyzes of subsidence
induced settlements in historical structures. In order to assess the potential risk scenarios in a preventive strategy, the
aim is to assess the behavior of the monuments with particular attention to differential settlements. The geodetic
monitoring, carried out since 1984, allows for the optimization and then validation of the numerical model giving the
Conservation Authority a useful tool to manage the safety of the heritage.
[4] The dams are one of the important engineering structures used for water supply and various other important
purposes. In order to provide safety, well-planned and implemented geodetic monitoring is essential for such
engineering structures, which constitute the objective of this study. In fact, micro-geodetic data can be exploited and
used to measure the displacement of the dam by measuring the horizontal and vertical coordinates at different dates
from fixed positions (pillars) to other positions (targets). As a result, the superposition of the geodetic auscultation

875

Proceedings, 7th International Conference on Cartography and GIS, 18-23 June 2018, Sozopol, Bulgaria
ISSN: 1314-0604, Eds: Bandrova T., Konečný M.

charts and the factors that can affect the stability of dams, such as water level, hydrostatic pressure, and seismic states,
show a net correlation between these parameters and the auscultation variation at different periods.
[5] Instrumentation and monitoring of ground deformations in tunneling is a principal means for selecting and
controlling the excavation and support methods among those foreseen in the design, for ensuring safety during tunnel
construction (including personnel safety inside the tunnel and safety of structures located at ground surface) and,
finally, for ensuring construction quality management. In this paper, the effect of Hakim Tunnel excavation on the
behavior of the surrounding ground was investigated based on the geotechnical instrumentation. However, it is
concluded that the rate of excavation in different sequences could have a major role on stability of tunnel. In this case
the surface and underground openings were monitored as well as needed for controlling the face probably collapse.
[6] The text gives a valuable information on quality assessment of civil engineering. Indicators of zero-defects and
engineering process accuracy for impartial quality assessment are offered. The need is stressed to employ indicators
structural safety. Data are given about results assessment for zero-defects parameters, accuracy and structural safety.
Observed defects leads to significant increasing of failure probability of load-bearing structures and reduction of safe
exploitation period for buildings.
[7] With the development of select mining industry in all kinds of mineral resources in our country, it has become
increasingly a serious problem that safety in production and environment of various tailings reservoir which go with
select mine refinery, by means of the modem technology to make the on-line monitoring and warning for tailings
reservoir security is a practicable method for ensuring safety in tailings reservoir. Presented design principle of the
system, the structure of tailings reservoir on-line monitoring and warning systems, contents of monitoring, information
communication style and software system. Focused on the monitoring methods in system construction, such as dam
deformation monitoring, interior displacement surveying of dam body, water level monitoring of reservoir areas,
automatic monitoring for saturation line and so on, these can be a basis for on-line monitoring and warning system.

METHOD OF SOLUTION
The use of geodetic robotic measuring stations enables the automated acquisition of coordinate data on the spatial
position in the key locations of the monitored building structure, and from them to evaluate geometric deformations in
real time. The aim was to determine the change in the horizontal distance between the reference points mounted on the
walls not affected by the construction activity and the checkpoints mounted on the tracked construction of the historic
wall that was affected by the building activity under which the works were carried out by the workers.
At the stage of cutting off the rest of the original historical wall of the parcade, work was carried out by hammering,
causing the vibrations that were transmitted to the ground. Other impacts were the influence of external conditions, i.e.
the unknown influence of changes in ambient temperature and humidity changes in the soil. The construction of the
building structure was a possible development of the destruction, which was qualified for several weeks, with the
projections on the structure being subsequently visible as cracks in masonry in critical places. At the same time, it was
not expected that a sudden collapse of the wall occurred suddenly without any previous changes in the wall structure at
the level of the warning state of the geometric changes of the horizontal displacement and tilt. By static engineer of the
construction structures were determined by the following structural states:
1. Normal operating state ±1 mm.
2. Warning state ±5 mm, which should receive increased attention and propose partial operational measures.
3. Increased risk state ±15 mm, when the construction stops with the necessity of immediate inspection and
assessment by structural engineer statics.
4. Critical state ±50 mm, when destructive cracks threatening the stability of the wall structure will occur on the
object.
The accuracy of the measurements was determined with respect to the limits of the measurement method to 1 mm. The
measurement interval was set at 1 week in the demolition phase under the observed wall, later in the subsoil and
concrete retreat for 2 weeks.
Geodetic measurements in a set time interval using the geodetic total station, determination of the spatial position of the
control points on the structure and reference points by the polar method in Cartesian coordinates X, Y, Z. Measurement
of polar values of angles ( ω) and slope distances (SD) with subsequent calculation of Cartesian coordinates X, Y, Z.
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Deterministic model:
Calculation of the horizontal convergence distance between the reference point and the single observed points from the
coordinates in the partial measurement epoch

S i , j = ( X i , j − X ref , j ) 2 + (Yi , j − Yref , j ) 2
where

(1)

Xi, Yi are the Cartesian coordinates of the observed point in j-th epoch,
Xref, Yref are the Cartesian coordinates of the reference point v j-th epoch

Horizontal distance difference between j-th epoch and 0.(initial) epoch

dS i , j = S i , j − S i , 0

(2)

Simplified stochastic model:

σ dS = σ X2 ,Y (i , j ) + σ X2 ,Y ( ref , j ) + σ X2 ,Y (i ,0) + σ X2 ,Y ( ref ,0)

(3)

i, j

where

σ dS

i, j

is the standard deviation of the length difference between j-th epoch and 0. epoch,

σ X ,Y (i , j )

is the standard deviation of the observed point coordinates in j-th epoch ,

σ X ,Y (i ,0)

is the standard deviation of the observed point coordinates in 0. epoch,

σ X ,Y ( ref , j )

is the standard deviation of the reference point coordinates in j-th epoch,

σ X ,Y ( ref ,0)

is the standard deviation of the reference point coordinates in 0. epoch.

Reliability of the measurement makes it possible to detect change

dS i , j ≥ 1 mm for P=0.95 (α=5%).

Decision-making process:
Status 0: When

dSi , j ≤ 2 σ dS i , j , so "The monitored objects are stable, evaluated by differences dSi, j are within the

boundary uncertainty of measurement = all OK“.
Status 1: When

dSi , j > 2 σ dS i , j AND dSi , j < 5 mm , "The monitored objects exhibit slight changes beyond the

measurement uncertainty threshold and below the warning level“.
Status 2: When

dSi , j ≥ 5 mm AND dSi , j < 15 mm , tak „The monitored objects exhibit changes above the warning

level and below the level of the increased risk“.
Status 3: When

dSi , j ≥ 15 mm AND dSi , j < 50 mm , so "The monitored objects exhibit changes beyond the

boundary of an increasingly risky state and below the critical state“.
Status 4: When

dSi , j ≥ 50 mm , so "The monitored objects exhibit changes beyond the critical state boundary“.

EXPERIMENTAL RESULTS
The effectiveness of security monitoring is increased by the use of today's modern measurement and information
technologies, which at some instant enables to obtain current available information about the state of the monitored
objects as the basis for taking responsible decisions. The results of monitoring are therefore presented through the webbased monitoring information system [8], [9]. Information reports on monitoring results are automatically sent by email and SMS. The monitoring information system ensures online availability on the web for interested persons via a
common personal computer or through the widely used smartphone. The importance is in concentrating the relevant
information in one place (the information system) together with its rapid availability for the necessary interested circle
of persons responsible for building safety.
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The schematic diagram of the security monitoring of the monitored walls of the castle of Helfštýn is shown in Figure. 5.
In Figure 6 is a representation of the values of the convergence changes of the horizontal distances dSi,j. The measured
coordinate values are imported into the information system at the end of the measurement and the changes in the current
state relative to the reference are evaluated. The decision process evaluates the type of auto-sent information in the form
of e-mail, SMS.
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Fig. 5 – Scheme of security monitoring of the
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Fig. 6 – Western Wall - Evaluation of differences in convergence
lengths in the monitoring information system

Figue 7 shows a graphical representation of the evolution of the changes of the western wall in the partial stages of the
measurements carried out in 1 week interval in the stage of cutting and subsoil remediation and subsequently in a 2
week interval during the concreting phase. The change values did not reach the warning state.
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Fig. 8 – Northern Wall - evolution of the differences in
convergence lengths from the 0. epoch

At the northern wall, the value of the changes exceeded the warning state (Figure 8). The cause was a weathered and
erosion-damaged rock foundation forming the basis of the original wall. Therefore, it was decided to manage the
demolition of a part of the wall and the way of its restoration. Here, the functionality of timely recognition of changes in
the design and relevance of monitoring system deployment has been demonstrated.

CONCLUSION
It has been shown that geodetic monitoring used in combination with the information system has been properly
designed and effective. An important factor is obtaining timely and relevant information that requires qualified decision
making. The combination of geodetic technology and Internet information technology successfully plays a role in the
security monitoring of building structures.
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Abstract
Fragmentation of landscapes with conservation value is very important to show what their conditions in protected
areas are. This kind of study is important for protected area management and for the situation of the biodiversity. This
study is focused on mapping and assessment of three types of protected landscapes: forests, transitional
woodland/shrub and alpine meadows using remote sensing data. The study area includes parts from South Pirin and
Slavyanka. The aim is to show what is the current situation and what are the conditions of selected protected areas and
what is the risk of landscape fragmentation. The landscape fragmentation tool (LFT v2.0) in GIS environment was used
for mapping the fragmentation. The results show that protected areas are mainly not fragmented. It is clear from the
spatial analysis that the territory with conditionally natural landscapes has a compact structure and the fragmentation
of the habitats is very small.
Keywords: Landscape Fragmentation, Remote Sensing, GIS, Protected Areas, Land Cover, Slavyanka Mountain, South
Pirin

INTRODUCTION
This study aims to analyze and evaluate fragmentation of landscapes with conservation value, which includes mainly
forests, transitional woodland/shrub and alpine meadows due to their high conservation value in the study area – South
Pirin and Slavyanka mountain. Forests play very significant role for the conservation and maintenance of the
biodiversity, for the sustainable microclimate in a given area, etc. Nowadays forests are at high risk of fragmentation,
mainly because of anthropogenic impact due to constant land use changes during the years. Forest landscapes are highly
sensitive to fragmentation. This is a process of reducing the density of forest areas deviding them to smaller fragments
(Vatseva et al. 2009, 2016).
There are several approaches to analyze the morphological structure of objects at pixel level and at landscape level. The
application of morphological image analysis (Soille, 2003) to classify the spatial structure at a pixel level is based on
two classes of land cover represented by a binary raster map. This methodology has been developed and applied in a
number of ecological studies over the last decade (Vogt et al., 2007a,b, Ritters et al, 2007, Ostapowicz et al., 2008,
Soille & Vogt, 2009; Vatseva et al. 2009, 2016).

DATA AND METHODS
The input data for the three types of protected landscapes was the land cover map (CORINE Land Cover, CLC) for
2012. The CLC map contains 44 land cover classes at the scale of 1:100 000, which include a minimum mapping unit of
25 ha, and the minimum linear elements are with 100 m width (EEA 1995, Bossard et al. 2000, EEA 2007). The CLC
vector data were corrected based on remote sensing data with higher spatial resolution – orthophoto images with pixel
size 0,5 m. Thus, a high geometric and thematic accuracy of the polygons for each class of land cover has been
achieved. The corrected CLC data are realiable for a longer period, because for the period 1990-2012 there are very
little changes in the land cover. Binary land cover maps were obtained by reclassifying the land cover vector data for
the different types of landscapes (forests, transitional woodland/shrub and alpine meadows) using GIS (ArcGIS 10.3).
Next the reclassified vector data were transformed in raster data.
Based on the accepted standards (Vogt et al., 2007a, b, Ritters et al., 2007), a pixel size of 25 m (0.0625 ha for
each pixel) was selected in this study, which is consistent with the spatial resolution of the used satellite images and the
scale
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of the land cover map. In that way were obtained binary raster maps of the three landscape types, which contain
values 1 for pixels representing all the pixels which are not forests, transitional woodland/shrub and alpine meadows,
and 2 for pixels representing the forests, transitional woodland/shrub and alpine meadows. For the purpose of this
analysis, a edge width of 100 m was chosen. This width is most commonly used in past studies and is considered to be
sufficient to obtain objective fragmentation data.
The land cover categories that are included in this research are forests and semi-natural areas. The forest includes three
CLC classes – 311 (broad-leaved forest), 312 (coniferous forest) and 313 (mixed forest). All the three classes were
combined for obtaining the binary forest map. For the transitional woodland/shrub type was used the CLC class 324
(transitional woodland/shrub). And for the alpine meadows was used the CLC class 321.
For the fragmentation for all of the three landscape types, the Landscape Fragmentation Tool (LFT v2.0) (CLEAR,
2015) was used. With the application of the LFT v2.0 the selected landscape type is classified in four main categories –
patch, edge, perforated and core. The core category, which is the most important, is further more divided in three
smaller categories: small (<100 ha), medium (100-200 ha) and large (>200 ha). The pixels that are in the core category
are outside the ‘edge effect’ and they are not influenced by the proximity of another CLC classes. The pixels that form
edge and perforated categories appear along the border of the core category. The pixels of the edge category form the
outer border of the core, and the pixels of the perforated category shows the inner border of the core. The pixels in patch
category form small fragments that are completely separated from the outer border.

RESULTS AND DISCUSSION
The fragmentation of the forests, transitional woodland/shrub and alpine meadows is shown on maps that identify
the four categories of fragmentation: patch, edge, perforated and core. The maps were generated by using the LTF
v2.0 extention. The spatial coverage of the fragmented landscape types is analyzed and also the coverage of these
types that fall into protected areas – a biosphere reserve “Alibotush” and Natura 2000 site “Sreden Pirin –
Alibotush” (BG0001028) (Kitev, 2017)

Fragmentation of Forest Landscapes
The results obtained for the fragmentation of forest landscapes, including broad-leaved forest, coniferous forest and
mixed forest, in the studied area are presented in fig. 1. All of the four categories are observed in the area and their
spatial coverage is shown in table 1.
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Figure 1. Map of Fragmentation of Forest Landscapes in South Pirin and Slavyanka Mountain
The data for spatial distribution of the fragmentation of forest landscapes in the area of South Pirin and Slavyanka
mountain shows that two of the categories are dominating: core and edge. The core category occupies the largest area
with almost 80% of the territory where the large core (>200 ha) is with the highest spatial coverage. The core is
followed by the edge category with a little less then 22%. The other two categories – patch and perforated are with total
area coverage of 1,12 ha (0,02%).
In South Pirin and Slavyanka mountain the fragmentation of forest landscapes shows very stable spatial coverage.
This kind of results demonstrates very good spatial structure of the forest landscapes and a minimal fragmentation.

Table 1. Fragmentation of the forest landscapes in South Pirin and Slavyanka mountain
Category of fragmentation
Patch
Edge
Perforated
Core <100 ha
Core 100-200 ha
Core >200 ha
Total core
Total area

Area (ha)
0,5
4 895,69
0,62
933,06
216
16 237,56
17 386,62
22 282,44

Area (%)
0,01
21,97
0,01
4,18
0,96
72,87
78,01
100,00

The analysis of the fragmentation of forest landscapes data for the study area and for protected area from Natura 2000
“Sreden Pirin – Alibotush” (tabl. 2) clearly shows, that the most part of the forests is included in the protected area,
which covers more than 86 per cent of the total forest area. The core category is with highest values, and the large core
is dominating. This in turn is a sign of the good condition of forests and their density.
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Table 2. Fragmentation of the forest landscapes in Natura 2000 “Sreden Pirin – Alibotush”
Category of fragmentation
Patch
Edge
Perforated
Core <100 ha
Core 100-200 ha
Core >200 ha
Total core
Total area

Area (ha)
0,05
3 803,48
690,91
64,67
14 713,82
15 469,4
19 272,9

Area (%)
0,01
19,73
3,59
0,33
76,34
80,26
100,00

Fragmentation of Transitional Woodland/shrub Landscapes
Results for the fragmentation of transitional woodland/shrub landscapes in the study area are shown in fig. 2 and tabl. 3.

Figure 2. Map of Fragmentation of Transitional Woodland/Shrub Landscapes in South Pirin and Slavyanka Mountain
The spatial distribution of this kind of landscapes shows that with the largest scope is the category edge – just a little
over than 50% of the transitional woodland/shrub landscapes. This category is refered to buffer areas with 100 m width
in the periphery of this type of landscapes. The core is at second place of territorial distribution where the small core
(<100 ha) is with the highest value. The situation with the other two categories (patch and perforated) is exactly the
same as the forest landscapes – the difference is in the area.
The fragmentation of transitional woodland/shrub landscapes show a relatively good structure in terms of their density,
the absence of fragments and perforations testifying to the good status of this type of habitats.
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Table 3. Fragmentation of the transitional woodland/shrub landscapes in South Pirin and Slavyanka mountain
Category of fragmentation
Patch
Edge
Perforated
Core <100 ha
Core 100-200 ha
Core >200 ha
Total core
Total area

Area (ha)
0,93
3 084,25
0,75
1 234,5
457,06
997,94
2 689,5
5 775,43

Area (%)
0,01
53,4
0,01
21,38
7,92
17,28
46,58%
100,00

The results for transitional woodland/shrub landscapes for the study area and for protected area from Natura 2000
“Sreden Pirin – Alibotush” (tabl. 4) clearly show that, like in the case of forests, here too the vast majority of these
landscapes are included in the protected area - 84.9% of the total area. The edge category occupies more than half of the
protected area, and core covers almost 45 per cent. The other two categories are with negligible values.
Table 4. Fragmentation of the transitional woodland/shrub landscapes in Natura 2000 “Sreden Pirin – Alibotush”
Category of fragmentation
Patch
Edge
Perforated
Core <100 ha
Core 100-200 ha
Core >200 ha
Total core
Total area

Area (ha)
0,61
2 707,72
0,58
1 080,77
265,8
847,97
2 202,54
4 903,45

Area (%)
0,01
55,22
0,01
22,04
5,43
17,29
44,76
100,00

Fragmentation of Alpine Meadows Landscapes
For fully representation of the situation of natural areas in the study area, an analysis of the fragmentation of alpine
meadows landscapes was made fig.3. The results for their spatial coverage are presented in tabl. 5. According to the
four categories of fragmentation.
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Figure 3. Map of Fragmentation of Alpine Meadows Landscapes in South Pirin and Slavyanka Mountain
The spatial distribution of alpine meadows landscapes and their fragmentation in South Pirin and Slavyanka mountain
shows that with the largest scope of distribution is the category core. And with the highest percentage is the large core
(>200 ha). On second place is the category edge, which occupies almost 38% of the fragmented territory. The other two
categories – patch and perforated, are with spatial coverage less then 1%, like the other two landscape types (forest and
transitional woodland/shrub). The difference here is that the alpine meadows are with 0,30% of spatial distribution for
patch and perforated, and for the other two categories the percentage is 0,02. The results shows that the alpine meadows
ladscapes are with good density and minimal fragmentation.
Table 5. Fragmentation of the alpine meadows landscapes in South Pirin and Slavyanka mountain
Category of fragmentation
Patch
Edge
Perforated
Core <100 ha
Core 100-200 ha
Core >200 ha
Total core
Total area

Area (ha)
1,12
2 531,38
19,31
625
578,37
2 917,69
4 121,06
6 672,87

Area (%)
0,01
37,94
0,29
9,36
8,67
43,73
61,76
100,00

As regards alpine meadows, the data show a high share of this type of landscapes in the protected area (tabl. 6).
From all the alpine meadows landscapes, over a 60 per cent are in the Natura 2000 “Sreden Pirin – Alibotush”
territory. The largest share is for the core category, followed by the edge category. The other two categories covers les
than a half per cent.
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Table 6. Fragmentation of the alpine meadows landscapes in Natura 2000 “Sreden Pirin – Alibotush”
Category of fragmentation
Patch
Edge
Perforated
Core <100 ha
Core 100-200 ha
Core >200 ha
Total core
Total area

Area (ha)
0,49
1 678,24
18,33
490,17
453,46
1 265,8
2 209,43
3 906,49

Area (%)
0,01
42,97
0,47
12,55
11,6
32,4
44,76
100,00

CONCLUSION
In conclusion it can be summarized that the total area of landscapes with forests, transitional woodland/shrub and alpine
meadows covers 34 730,74 ha, which is over 85 per cent of the studied territory of South Pirin and Slavyanka mountain.
These results shows that in the study area most of the territory is coverd with conditionally natural landscapes. The area
covered by the core category is 24 197,18 ha or 69,67% from the fragmented territory. The next category – edge, covers
10 511,32 ha (30,26%). The edge category includes the buffer areas with 100 m width of the forests. The perforated
category covers total area of 20,68 ha, and the patch category – 2,55 ha. Summerized these two categories covers total
are of only 0,07 per cent of fragmented area. It is clear from the analysis that the territory with conditionally natural
landscapes has a compact structure and the fragmentation of the habitats is very small.
On the basis of the results obtained, it can be concluded that, in terms of conditional natural areas, the studied area of
South Pirin and Slavyanka mountain is characterized with high compact habitats. The data show a significant
predominance of the core category for forests and transitional woodland/shrub landscapes, and almost half of
the fragmented territory for alpine meadows, which is of major importance for the conservation value of landscapes.
In the presence of compact territory, the habitats are not insulated and manage to sustain themselves. All this gives
reason to define the area as conditionally natural and well preserved from a natural point of view.
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Abstract
The paper presents an automated technology for updating selected elements of technical and cadastral maps. The main
source of data is georeferenced laser scanning technology utilizing the Leica MS60 station with purpose-controlled,
low-volume, scalable scanning. The evaluation technology is based on object-based filtering of laserscanned data using
the current un-actualized form of technical or cadastral map. The supporting background for classification of objects
can be also the orthophoto from a dron or aerial photogrammetry. Algorithmization based on edge detection is
intended primarily for updating buildings, fenced plots, roadways, visible aboveground technical infrastructure and
trees. Algorithmization based on the detection of digital terrain models is intended to update changes in landscaping
and altimetry. The technology is based on the use of standard analytics tools in ArcGIS or QGIS with support of Python
scripting language.
Keywords: vector map updating, laser scanning, automation, algorithmization

INTRODUCTION
At the end of 2017 one of the most important tasks of the State Administration of Land Surveying and Cadastre was
completed, namely digitization of cadastral maps in the Czech Republic. In total, the cadastral map was implemented in
digital form in 12,954 cadastral territories, which is 99,0% of their total number. In the remaining 1% of the cadastral
territories it was not possible for technical and legal reasons to create a digital form of the cadastral map and the
situation is solved by the process of land consolidation in the territory or by new mapping.
The aim of the digitization of cadastral maps was to achieve the compatibility of technical part of the cadastre of real
estates with other spatially defined data, which will make the information system of the cadastre of real estate a more
complex information system about the territory and will serve the broad needs of users from various fields. The basic
long-term objective is further improvement of cadastral maps by the updating of the cadastral documentation by new
mapping. Updating by new mapping will complement the renewal based on land consolidation results. Additionally,
mapping will also be realized in locations where the cadastral map does not have the necessary accuracy because it was
created by digitization of an analogue cadastral map or from earlier, less accurate measurements.
One of the technologies for maintenance and updating of selected cadastral map objects is laser scanning technology.
When using this technology, it generates a large amount of data (cloud) that ordinarily requires sophisticated hardware
and software support during data evaluation. The article deals with the modified technology of collecting and evaluating
the scanned data for refining the position of selected elements or detecting changes of buildings and other uniquely
identifiable objects in digital cadastral maps or their erroneous display. The role, by its nature, belongs to the processing
of large volumes of data that the authors dealt with in the project described in the publication [1].

RELATED WORKS
Laser scanning is one of the advanced methods of data collection. However, there are relatively few publications
dealing with the use of this technology in relation to the cadastre of real estate. The topic closest to this article is the
study [2] in which the authors compare the methods of terrestrial surveying, photogrammetry and laser scanning for the
acquisition of data for the real estate cadastre. Selected objects - buildings and structures were several times surveyed
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by the above methods and the results were compared from different points of view. The work [3] deals with the use of
aerial scanning for updating the cadastre database in Slovenia
Paper [4] reports on a study designed to establish automated procedures for the development of a digital model to assist
in faster and better services and delivery of real-estate services by integrating 3D laser scanning and BIM technology. It
proposes an intuitive and interactive building model that is easy to query and navigate, and thus support property
developers, buyers and sellers in the property sales sector. An outline of the new approach is provided to illustrate the
benefits of the proposed method to the real-estate services sector. The key arguments in the paper are consolidated by
the results of a qualitative study amongst real-estate professionals, which sought to determine the added value of BIM3D laser scanning in comparison to conventional building surveying and Computer Aided Design (CAD) methods.
The work [5] addresses the integration of building interiors into the real estate cadastre information system. The paper
[6] deals with the use of remote sensing and image recognition methods for monitoring land registry objects. The topic
of publication [7] is the use of laser scanning to refine the hedonic price estimate in the real estate appraisement
process.
Paper [8] presents two integrated solutions for realistic 3D model acquisition and reconstruction; an early prototype, in
the form of a push trolley, and a later prototype in the form of an autonomous robot. The systems encompass all
hardware and software required, from laser and video data acquisition, processing and output of texture-mapped 3D
models in VRML format, to batteries for power supply and wireless network communications. The autonomous version
is also equipped with a mobile platform and other sensors for the purpose of automatic navigation. The applications for
such a system range from real estate and tourism (e.g., showing a 3D computer model of a property to a potential buyer
or tenant) or as tool for content creation (e.g., creating 3D models of heritage buildings or producing broadcast quality
virtual studios). The system can also be used in industrial environments as a reverse engineering tool to update the
design of a plant, or as a 3D photo-archive for insurance purposes. The system is Internet compatible: the photo-realistic
models can be accessed via the Internet and manipulated interactively in 3D using a common Web browser with a
VRML plug-in.
3D scanning of indoor spaces by various methods is dealt with in article [9]. The results are compared and an optimal
method for generating a point cloud for the given purpose is proposed. The Chapter in the book [10] discusses
appropriate methods for implementing 3D virtual city models. The article [11] proposes a method for estimating the
volume of timber in forestry in Hedmark (Norway) territory using aerial laser scanning. The study [12] analyzes various
methods of spatial data acquisition in the Czech and Slovak Republics. The thesis also shows the state of the given issue
in education and in practice in both countries.

METHOD OF SOLUTION
The acquisition of georeferenced data is based on the use of the Leica MS60 motorized geodetic scanning system with
the possibility of mounting on the vehicle in combination with GNSS. The scanned cloud is immediately in field
georeferenced in the national coordinate system by the Leica MS60 multi-station geodetic measurement of to at least 2
points determined by GNSS-RTK. The data acquisition technology includes two vehicles with GNSS and a geodetic
reflective prism mounted on the roof to provide orientation and one vehicle with the Leica MS60 geodetic scanning
multi-station.

Fig. 1 – Purposeful selection of the scanned area by fencing
The collection of scanned data is acquired by the Leica MS60 multi-station from one location in more targeted sectors
as required (Figure 1), so that the partial clouds are sparse and thus small enough to capture the required cadastral map
objects, especially buildings and other uniquely identifiable objects . The benefit is a significant reduction in the amount
of data that is immediately backed up to the cloud storage and are available as shared for viewing or evaluating by
others. Another benefit is the possibility to perform an immediate checking of the cloud in terms of completeness of the
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coverage on the multi-station display with the possibility of immediate comparison with the digital form of the cadastral
map or orthophoto (Figure 2) with the possibility of detecting contradictions or changes and their marking in the form
of an attribute.

Fig. 2 – Scan scanned cloud to orthophoto image

The proposed evaluation procedure is based on parametric filtering from the input cloud above the objects of the
updated digital form of the cadastral map with the aim of significantly reducing the data volume with subsequent
detection of the edges of the buildings and other objects. The process takes place as much as possible automatically in
two phases:
1. preprocessing in a special application created in Borland Delphi,
2. evaluation in one of the GIS programs (Geomedia, ArcGIS or QGIS).
The aim is to design a suitable method for automated updating of selected elements of technical and cadastral maps.
Authors are focused on buildings and structures. The essence of the update is to identify the differences in the layout of
buildings or structures between the real state and the drawing in the map. Input data is: a point clouds representing the
current state in field and a map in digital form including given location. In case of non-compliance, 2 variants may
occur:
1.

Actual status has more objects than drawing in the map,

2.

Current status has fewer objects than digital map.

In case ad 1), the process of detecting changes can be described by a mathematical model:
R = (C → D) – (S → B)

(1)

D = fr(C)

(2)

B = fb(S)

(3)

where R is the resultant set of objects, the set C represents the point cloud of the laser scan, and S is the set of objects in
the digital map. The set D is obtained from the point cloud by preprocessing by the fr function, and then the set B is
generated by applying the buffer (function fb) to the set S. The function fr realizes the edge detection (contours of
buildings and structures), the parameter fb (buffer) is the accuracy criterion according to ČSN 01 3410 standard (for
example, for the 3rd class of the map accuracy, the boundary break point standard deviation of the 14 cm is
determined).
In case ad 2), the change detection process can be described by a similar mathematical model with the same symbolism:
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R = [(C → D) → B] – S

(2)

D = fr(C)

(4)

B = fb(D)

(5)

If R = {∅}, then no changes are detected, if R ≠ {∅}, then there are differences between current maps of cadastre of real
estates and the actual state in reality. The block diagram of the whole process is shown in Fig. 3.

Cadastral maps

Cloud points

Preprocessing
in Delphi

Spatial analyses in GIS

Evaluation of results

Obr. 3. The concept of detecting changes of selected objects in technical and cadastral maps
In Figure 3, the fb function provides the "Spatial analyzes in GIS" block, the fr function is implemented in the
"preprocessing" block. While the fb buffer function is generally known from spatial analyzes, finding a suitable fr
function required a number of experiments. Edge detection based on a central discrete convolution proved to be
inappropriate for its time-consuming performance. Applying a convolutional filter to a 15x10-meter building in ArcGIS
lasted about 8 minutes processing time on a desktop computer, which is totally inappropriate for the next process. It is
more advantageous to use the cloud point aggregation according to the position in the plane (x, y) with the attribute of
point frequency in the z-axis (height of the object) and the filtration:
Select x, y, count(z) from list group by x, y having count(z) > p

(6)

where the list is a list of laser scan point coordinates, and p is the parameter that specifies the height of the object
(according to the cloud resolution) in which we guide the imaginary plane of the cut that separates buildings or
structures from other objects in the field.
Unfortunately, this filtering could not be done in GIS because GIS, including Python scripts, currently does not support
the "group by" aggregation clause. For this purpose, a special program was created in Delphi, which is used to prepare
the input data - see Figure 3. The program has these functions:
1. divides the input cloud of points into segments of smaller data volume so that data can be processed on
common technical and program resources (desktop computers),
2. in each segment, it will filter the cloud of points according to the relationship (3),
3. modifies the resulting data file into a suitable format for further processing in GIS (in the case of QGIS it is a
CSV format).

EXPERIMENTAL RESULTS
The method proposed in the previous chapter was verified at a selected location in Brno (Czech Republic). Fig. 4a
shows a cloud of points around a building, in Fig. 4b is a raw cloud with a point filtering. Points dyed red fit the
aggregation function in Equation (6). Fig. 4 to Fig. 6 contain only input data slots and serve to demonstrate the proposed
method.
In Fig. 5a is a filtered cloud of points along with part of the cadastral map. In the next Fig. 5b is marked a buffer of 14
cm around a building plotted in the cadastral map (see relationship 3 or 5). Another example is shown in Fig. 6. On the
left (Figure 6a) there is a cloud of points around the building, the right part (Figure 6b) contains a cloud after filtration
with overlapping part of the cadastral map.
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a) building with point cloud

b) raw point cloud

Obr. 4 - Laser scanning of a building

a) cloud point after filtration with cadastral map

b) cloud point after filtration with buffer application

Obr. 5 - Point cloud processing in coincidence with digital cadastral map
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a) building with points cloud

b) cloud after filtration with cadastral map

Obr. 6 - An example of detecting changes in the cadastral map
In Fig. 7 is an example of Fig. 6 after processing in QGIS. Green areas represent a buffer around buildings in the
cadastral map, blue is a cloud and a red filtered cloud of points.

Obr. 7 - View the result in the QGIS map window
The resulting detection of changes in the cadastral map with respect to the current state is shown in Fig. 8. It is the
application of the relation (1) i.e. the actual state in this case has more objects than the drawing in the map.
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Obr. 8 - The result (difference) in the QGIS Map Window

CONCLUSION
The article proposed a method that identifies the edges of the ground plan of buildings using an aggregate function in
the input point cloud. After this filtering, the cloud is compared to the state plotted in the current cadastral map in
digitized form. As a result, it detects changes in object drawings and can be used to update changes in landscapes and
engravings in cadastral and technical maps in digital form. The process takes place as much as possible automated in
two applications: 1. in a special program in Borland Delphi, and 2. in a suitable GIS program (Geomedia, ArcGIS,
QGIS). In our post, we describe the QGIS application, which is freely downloadable from the Internet. The proposed
method is relatively fast, easy to use for technical and software applications, and can be used to detect field changes in
arbitrary digital maps in conjunction with laser scanning. The results can be used to update the relevant digital maps.
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Abstract
The preservation, conservation and promotion of the cultural values of our country are responsibility of all. In this
process, the geodesists and cartographers are responsible for mapping the sites of cultural heritage.
In this report are presented the field activities for mapping, description and attractive visualization of the rich cultural
and historical heritage left by our ancestors on the lands of Pliska, Veliki Preslav, Madara and other remarkable places
of the Shumen region.
The aim of the study is to develop theoretical and methodological bases for cartographic documentation, which later
can serve to create specialized maps for the management of cultural heritage. The described technology for
documenting and preserving cultural and historical sites is based on the use of the modern technology for airphotographing of the areas occupied with archaeological monuments by unmanned aerial vehicles (UAVs), commonly
known by the name drone. As a result of the surveyed objects the relevance of some of the principles of the cartographic
documentation is illustrated. A database of cultural and historical heritage sites in the Shumen region has been created
in the form of various digital documents - orthophotomaps, 3D models, photographic pictures, texts from historical
sources for description of cultural objects, etc.
Key words: cultural heritage, Shumen, 3D models

INTRODUCTION
The theme of cultural heritage and its conservation has always been part of the public and professional debate on the
development of the regions and their future. The researches on the cultural heritage, its place and importance for the
development of the regions are becoming more and more topical not only in Bulgaria but also in Europe and globally.
The preservation and the "inclusion" of the heritage in the process of inevitable changes in the modern living
environment are achieved with an acceptable balance between conservation, reconstruction and integration.
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The existing practice of preserving and managing cultural heritage has always been linked to the planning of areas
where there are cultural monuments. Most often, the territorial feature is a separate settlement, complexes or separate
buildings. For easy management of such territories, it is established practice to observe the cultural heritage and
respectively to have it restored and preserved by the municipalities. In today's complex economic and political
environment, the imposition of such a model is of a financial nature but also is one of the ways for economical
development of the regions.
The review of the publications dedicated to the cultural heritage in Bulgaria mainly deals with the normative basis, the
history, the contemporary state of the models for preservation of the cultural heritage. On the subject of cultural heritage
there are still insufficient current studies in Bulgaria for systematizing and collecting of digital information on the
cultural monuments. However, it is noteworthy the activation of the scientific circles in the field of history, archeology,
architecture, culture and others to describe, classify and offer a methodology for their preservation. In practice,
however, there has been no elaboration of a mapping project for cultural heritage sites and their introduction into the
GIS environment for Bulgaria (with few exceptions, such as the map of cultural monuments in the central part of Sofia).
Even areas with a concentration of cultural and historical heritage such as the palace complexes in Madara, Pliska and
Veliki Preslav in the cadastral maps are "white spots".

BRIEF OVERVIEW OF THE MODERN TECHNOLOGIES IN STUDYING, PRESERVING AND
MANAGING OF THE CULTURAL HERITAGE
The subject of this paper was also to analyze the use of modern technologies for documentation of the territory occupied
by cultural and historical objects and to create a basis for preparing a project for their management. Below we will
briefly recall their essence and application:
•

Geographic Information Systems (GIS) are a modern digital technology for collecting, processing, mapping
and analyzing spatial geographic information (Andreev A., Markov M., 2009).

•

The Global Navigation Satellite System (GNSS) in the near future will be the most common method for
collecting cartographic information. The system can quickly and accurately determine the spatial position
(latitude, longitude and altitude or spatial Cartesian coordinates) of points on or above the ground. The
accuracy that is achieved is centimeters for geodetic applications.

•

Remote sensing is а group of methods designed to collect information about the Earth's surface from a
distance, as well as atmospheric and ocean data. The data acquisition process is based on the use of satellites
equipped with air sensors to detect and classify objects on Earth. The cartographic applications derived from
remote sensing include the following: planimetric (coordinate) information; digital elevation models (DEM's);
thematic and topographic mapping.

•

Air photogrammetry is the first remote method. The photogrammetric methods are used to make airplane aerial
photographs on the territory, after their processing the orthophoto images are obtained. They become
orthophoto maps by adding of mapping symbols. Photogrammetric photos are the main source of data for
creating a DEM. Over the last decades the unmanned aircrafts (UAVs) have been successfully developed and
used. They are more known as "drones". They have numerous applications, both military and civilian function.
As we will see later, the drone is an invaluable assistant for 2D and 3D mapping of cultural monuments.

•

Laser scanning is used to capture 3D data. It can be used to scan features on both, the terrain surface as well as
volumetric objects and buildings (Maldžhanski Pl., 2012). In practice, terrestrial and aerial laser scanning is
used.

•

The 2D and 3D computer modeling is the result of the processing of the technologies described up to here photogrammetric, satellite, laser scanning, very often in combination with GNSS to determine the exact
location of the objects and the invaluable GIS help with storage and visualization capabilities. 2D images and
maps provide a lot of information about historical events and monuments and the surrounding area. The 3D
models of areas with concentration of cultural and historical objects allow users to navigate space easier. They
combine the DEM and the monuments of culture located on the Earth's surface. This provides the best possible
visual image for them and the environment.

•

Web mapping. Interactive maps provide users with the ability to preview, enlarge, or move the map. These
maps have two advantages over traditional paper maps - access to the most up-to-date information and
specialized tools to extract information.

From what has been described up to now, it is understood that each of these technologies is important in order to reach
the end result - documenting the cultural and historical heritage through a database and presenting it to the public. A
general benchmark regarding the accuracy and volume of captured cultural and historical heritage areas can be found
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among all technologies that provide images in digital form. For example, the methods for remote sensing and
photogrammetry can serve archaeologists for capturing the visible parts of archaeological excavations and ruins, as well
as for the discovery of cultural monuments known only to historians from written sources. Appropriate examples for the
application of these technologies are the activities carried out for the detection of the lost castles of Denmark.
The technology for terrestrial scanning is very successfully used in architecture, photogrammetry and archeology for the
creation of digital 3D models of buildings and other cultural monuments undergoing reconstruction. The ground
scanning can complement the aerial laser scanning to create a three-dimensional environmental model. (Kamburov,
2010).
The described three-dimensional imaging and modeling technologies provide capabilities for documenting the cultural
and historical objects in general and in individual details with high accuracy and reliability, speed for reaching the end
results, representativeness, and usability in design. The application of the technologies, despite the undeniable quality of
end products, is still costly for mass use, especially for our country.

TECHNOLOGY FOR DOCUMENTATION AND PRESERVATION OF THE CULTURAL AND
HISTORICAL SITES IN SHUMEN REGION
The cultural heritage of the Shumen region covers a great historical period - from the monuments of the ancient ages to
the unique sites of the XX century. 141 sites are declared as national, historical and cultural. Most of them are part of
palace complexes, which are marked in the cadastral map only with their outline. There are fortress walls, earth and
stone fortifications, churches and monasteries, shrines, stones, fortresses, etc.
For the spatial situation of the individual sites were used data from the approved cadastral maps, digital models of the
map of restored ownership in a scale of 1: 5000 and the capture of some of the objects with GPS equipment. The
following geodetic and photogrammetric activities were carried out:
•

Creating of a geodetic network necessary for georeferensing of the objects

For each area of study, existing points of geodetic networks (triangular and working) were used and new (control)
points were created. The new ones are measured with a GPS receiver TRIMBLE R4. Their coordinates are calculated in
accordance with the existing regulations. This process is described in detail by (Ivanov, S., 2017).
•

Photogrammetric surveying of valuable archaeological sites

The selected archaeological sites were surveyed with UAVs (drones), model: PHANTOM 3 Professional. The process
involves two main parts - planning and making the flight. The survey is conducted in fully automatic mode.
•

Photographing of individual objects

The photographic capture of individual objects is used to get an idea of the current state of the objects. A rich
photographic material is collected for them. Most often such objects are houses - museums, religious buildings located
in settlements, heavily forested shafts, trenches, stone-earth barriers and others.
•

Processing of geodetic measurements

GPS measurements of the control points required for georeferencing and controlling of the photogrammetric model to
the actual coordinates of the territory are performed. Coordinate registers of points from geodetic networks that are
close to the surveyed areas are used.
The root mean square error (RMSE) of the coordinates obtained with the TRIMBLE R4 GPS receiver for real time
kinematic positioning (RTK) is:
- horizontal accuracy- 8 mm + 1 ppm and
- vertical accuracy- 15 mm + 1 ppm.
High accuracy of the coordinate definitions of the cultural heritage sites is required when they fall into a settlement and
are property within the meaning of the Cadastre and Property Register Act. In (Kastreva, P. Drenovski, Iv., Ivanov, S.,
2015) are given detailed descriptions of different possibilities and requirements for accuracy in the creation of a future
specialized map of the cultural heritage sites when they are or are not land properties within the meaning of the
Cadastre and Property Register Act
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•

Photogrammetric processing

The process involves processing the captured image to obtain a raster image in that all distortions and errors caused by
lens distortions, camera rotation and tilt in exposure times, differences in the scale of individual photos, relief effects,
and so on are removed. This raster (orthorectified) image is a digital map in an orthogonal projection. Therefore, it is
possible to make direct and accurate measurements in the scale of the image. Any quantitative (metric) and quality
(semantic) information can be derived from the created orthophoto plan.
In our case, the photogrammetric processing of the digital aerial photos was done with AgisoftPhotoScan Professional
(Agisoft, 2016a). Upon its completion, it is possible to generate: Digital Elevation Model (DEM); OrthoMosaic; spatial
TIN (Triangulated Irregular Network) model; a dense cloud of dots (Dense Clouds); hierarchical block model (Tiled
Model); contours; Textures; exporting cameras with their parameters and positions (Cameras); Markers export - these
are the Ground Control Points (GCP) with their geographic and plane coordinates and Shapes export;

CREATION OF 3D DIGITAL MODELS OF THE OBJECTS OF CULTURAL AND HISTORICAL
SITES IN SHUMEN REGION
The technology described briefly was applied for the creation of 2D and 3D models of part of the cultural and historical
sites in the Shumen region. For this purpose, objects of different shape and size were selected:
•

Bas-relief form - Madara Rider;

•

Fortresses - Shumen fortress and Madarska fortress;

Creating a 3D model of Shumen Fortress
For the transformation of the model into the actual coordinate system, 9 control points defined with their GPS
coordinates and evenly distributed over the whole area of the object (Fig.1).

Figure 1. Location of the control points
The surveying of the territory was done at a height of 30 meters. The number of received aero-photos is 114. After the
photogrammetric images are processed, their position coincides with the position of the cameras during the exposures.
As a result, a sparse cloud of link points is generated, then a dense cloud of points (Fig. 2). All points of the dense cloud
are joined in non-overlapping and connected triangles, resulting in a three-dimensional polygon model (Fig. 3).
On the basis of the dense cloud of dots and the output photographs, a hierarchical block model with textures is
constructed (Fig. 4). To achieve higher accuracy in generating the digital elevation model (Fig. 5), we used the
compressed cloud of points. The spatial resolution of DEM is 2.4 cm / 2.4 cm for each pixel.
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Figure 2. A dense cloud of dots on a part of a fortress wall

Figure 3. TIN model based on a dense cloud of points

Figure 4. Hierarchical (Tiled) 3D model of a part of a fortress wall
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Figure 5. Digital elevation model of а part of a fortress wall
Based on the data from the original aerial photos and their processing an orthophoto plan was created (Fig.6). The
spatial resolution of the ORTHO file is 2.4 cm / 2.4 cm for each pixel. Together with DEM, a 3D model of Shumen
Fortress is obtained (Fig.7). In addition to making measurements, it can also be used to advertise the cultural historical
objects as it gives a realistic picture of them.

Figure 6. Orthophoto plan of Shumen Fortress

Figure 7. 3D model of Shumen fortress
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Creating a 3D model of "Madara Rider "
Capturing vertical objects is fundamentally different from surveying objects in the horizontal plane. While with
horizontal objects can be pre-set the flight height, area of captured region, start and end point, etc., the vertical
surveying is carried out entirely by manual control of the unmanned aircraft. The number of photos taken is 66. As a
result of the photogrammetric processing of the photo material, a 3D model for the rock bas-relief "Madara Rider"
(Fig.8) is obtained.

Figure 8. 3D model of Madara Rider

Creating 3D Model of Madara Fortress
The air survey of the Madara Fortress took place at a height of 40 meters, which is 10 meters more than when surveying
the Shumen Fortress. The change in flight height affected the spatial resolution of DEM and ORTHO files:
- Accuracy of DEM: 7.89 cm / pix.
- Accuracy of the ORTHO file: 3.9 cm / pix.
120 photos were taken. After the photographs processing an orthophoto and 3D model of the Madara fortress were
obtained (Fig.9). On the orthophoto model, in spite of its poor spatial resolution compared to that of Shumen Fortress,
very accurate measurements and sections can also be made. To check the claim, a cross-section of a battle tower from
the fortress was made and tower width of 2,873 meters is obtained. The width of the same tower is 2,865 meters,
measured with 5-meter tape-line. This example shows the high spatial accuracy of the mapped objects.

Figure 9 3 D model of Madara Fortress¨
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CONCLUSION
The results of this study provide a unique historical perspective for the cultural monuments located in the Shumen
region. The created models show that the graphic editing, remote sensing methods and GIS technology used in this
study are effective tools for presenting and managing cultural and historical resources and the environment.
The study shows the contemporary ideas of the authors for cartographic documentation of the sites of cultural and
historical heritage in the digital environment. The resulting 2D and 3D cartographic models that characterize the objects
studied differ significantly from the traditional models used so far. The distinctive feature of the models is the way
information is provided and their proven high precision. As a conclusion, the use of digital cartographic methods and
technologies can be successfully applied to all cultural heritage objectives - design, restoration and conservation,
studying, storing and advertising of the Bulgarian history and its monuments that have preserved the Bulgarian spirit
and culture.
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Abstract
The map is the unique tool to show spatial relationships in the world. Because of that, written and visual media
frequently give a place maps as a graphic element. Thus, the study focuses on the maps which published in the
newspapers. The main aim of this study is collecting, categorizing and archiving maps’ contents of 8 newspapers,
which were published since the Alphabet Revolution of Turkish Republic (1928) to year 2000. During the study, maps
and visuals resembling maps have been examined and classified by cartographic rules and their themes in a Web based
database. The primary objective of the study is to archive these maps, analyze their Cartographic levels and determine
their roles in the news to show map use in all part of the newspapers and to prove the importance of Cartography in
spreading knowledge through maps in the news. It is believed, a new Cartographic perspective has been contributed to
existing literature.
Keywords: Newspapers, Maps, History, Map Use, Cartographic Heritage, Maps on the News

INTRODUCTION
Maps which are graphical representations of geographic information are one of the best communication tools used for
the transfer of information. Maps act as graphical models of the real world with the information such as spatial
relationships, location, direction, distance, height, neighborhood, continuity, structure, shape, hierarchy, density and
size [1]. The best way to convey the spatial information to user is a map. The other graphic representations (even table
and statistical graphics) have not enough tools for the visualization of spatial relationship. Also the spatial distribution
of phenomena, visible or invisible belonging to the real world can be conveyed to users via maps with different ways.
People don’t have to be professionals to come across a map in a daily life. Maps are very common tools used in media.
Visual and printed media which is a very easy and cheap way, has an important role to spread all information to public.
For decades, especially newspapers have had a significant place in peoples’ lives because of the convenience they
provide in transporting current information. A newspaper assigned missions to publish accurate, understandable and
effective news, appeal to all segments, be neutral and reach the greatest number of readers from the day of publication.
Accordingly, use of graphic elements is frequent in the newspapers in order to strengthen the expression. Therefore,
maps that have a good way to transfer spatial information and graphics are widely used in the newspapers to strengthen
and improve the efficacy of the news. In most news, visualization of the message can be enhanced by using maps. Maps
have found a place in the newspapers not only as a way to spread the news, but also as advertisement, art, comics and
cartoons which are complementary elements of newspapers. So, areas of the usage for maps vary according to the
purpose of the news.
In this study, a specific historical period, map and contents of 8 newspapers selected based on their circulation are
investigated from the start date of publication until the year 2000 for those which are still published, or to the term
ination date of publication for those publication is ended. The research includes years between 1928 and 2000.
Mentioned historical periods include the time period between the Alphabet Revolution of Turkish Republic and the
Web newspapers were launched. Because the Alphabet Revolution of Turkish Republic occurred in 1928, the study
starts from this date. With this development, the alphabet style changed Arabic to Latin alphabet. So, with that all
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newspapers design, text of map also changed. Along with this change, such new period would begin for newspaper’s
map. The reason why it ended in January 1, 2000 is because the type of publication of the newspapers was changed.
Online journalism was launched in these years. This means, the format and style of the press technic had changed. This
improvement also affected the press style of the newspapers. Along with this progress, the style of representing all
phenomena in map was changed.
The selected newspapers are: Cumhuriyet (1928-2000), Hakimiyet-i Milliye (1928-1934), Milliyet (1950-2000), Sabah
(1980-2000), Star (1999-2012), Tercüman (1955- 1994), Ulus (1945-1975), Zafer (1949-1960). Six of these were
examined at archives in Istanbul. Rest of the newspapers were examined via Internet because they are accessible
through a Web archive. The researcher conducted all of the examination done in the libraries and online.
The second part of the study was carried out in the office. All these images were categorized from various aspects such
as map types or usage of cartographic elements and accuracy of the usage of these elements.
Due to the fact that maps can represent anything that has a spatial component, there are many possible map types [2];
however, these have been grouped into a few categories in this study. In this context, it was analyzed what is or is not a
proper newspaper map design, including the spatial information conveyed depending on the cartographic theories, the
existence of the usage of map elements and the accuracy of the usage of map elements. One of the main objective of
the study is cartographic analysis of the maps reaching the readers through newspapers in this period.
The other purpose is to show importance of maps for representing the spatial information in the newspapers.
Accordingly, the categorization focuses on another question: which part of the newspaper has included ’map content’.
Such as Report, Sport page, Advertorial, Column etc. Another aim of the study is to investigate the usage of maps as the
most powerful communication tool for geographic information transfer in a newspaper and to analyze of the design and
cartographic elements. Especially the designs and types of the most commonly used maps are analyzed. Evaluation and
archiving maps, storage in a database are also aimed in the study, which will provide important data for scientists from
the other disciplines and for future studies. The examined images under the heading of the categorizations determine
appropriate place in a flow chart to design a database [3], [4], [5], [6].

THE MAP ARCHIVING FROM THE NEWSPAPERS
Evaluation and archiving maps, storage in a database are also aimed in the study. Due to this reason, the examination
part is an one of the important part of the study. The examination is mainly being carried out in some newspaper
archives. One of the most comprehensive and important newspaper’s archive is in the Atatürk Kitapliği in Istanbul. In
this library, the 6 newspapers’ pages have been examined one by one according to a schedule of the research. Beside
some works in these libraries, some newspapers can be reached by Internet. However, the numbers of newspapers that
can be reached in the libraries are more than online resources. So, there are just 2 Turkish newspapers called Milliyet
and Cumhuriyet that can be reached all copies since their first day until today in this way in other words as online.
Currently, the archive works carried out with these 2 ways. If there is not internet option, the library is the best (or is a
better) way to examination but it is a time consuming, error available and tiring process. But the archiving with online
sources is easier and saving time when comparing with the archive library works. So, in addition to previous study [3],
[4], [5], [6] about Turkish National newspapers’ maps, this study also can be given rise to propose some suggestions to
the newspapers that have not an availability on the online way, to open their archives for the people who want to reach
some information easier.
After all collecting data process, there is another important work stage to organize all map contents that taking their
photos from the newspaper copies. In office stage, these images have been entitled by the format
‘Year_Month_Day_NewspapersName’ and collected for the classification process and planned database in an external
hard disk. This part of research is time-consuming as well because, every image has been searched one by one and
entitled by the format. So, the entitled images are needed to arrange with this format to take place in the user-friendly
database system [3], [4].
At the same time, in the following process, the cartographic techniques of the published maps archive can be analyzed
and their accuracies or deficiencies could be observed with designed database. After collecting of all data (newspaper
maps) in the database, scientists who are working in the different areas can take advantage of this collected data.
Proceeding from here, the published maps archive will be base for the further investigations and the different studies by
means of the database. So that, it is very important how these great number of data have been organized for useful
querying.

905

Proceedings, 7th International Conference on Cartography and GIS, 18-23 June 2018, Sozopol, Bulgaria
ISSN: 1314-0604, Eds: Bandrova T., Konečný M.

METHOD OF CATEGORIZATION OF THE PUBLISHED MAPS FOR THE DATABASE
To help map evaluation, a syllabus was created which contains the main evaluation aspects and categories (Figure1).

Fig. 1. Map evaluation syllabus
The categorization could be evaluated under 2 main titles according to Cartographic literature which include main
books and researches about basics of Cartography [7]. Also there are some interdisciplinary studies give some idea
about the categorization and basic approaches [8], [9]. Taking advantage of these resources, a categorization was made.
The Cartographic analyses which could be the first title of the chart has been made under 3 titles: ‘Map Types’,
‘Cartographic Elements in Published Maps’ and ‘Scale’. The first categorization is based on map function: ‘Map
Types’. The purpose of these titles is analyzing ‘the maps’ to determine their types. The first subheadings of the ‘Map
Types’ are ‘General Purpose Maps (Reference Maps)’ and ‘Image Maps’. According to this categorization, the title of
‘General Purpose Maps’ consist of three headings: ‘Atlas Maps’, ‘Thematic Maps’ and ‘Topographic Maps’. On the
other hand, the ‘Image Maps’ involves 2 different types: ‘Aerial Photographs’ and ‘Satellite Images’. The ‘Thematic
Maps’ heading contain 8 subheadings: ‘Picture Symbol Maps’, ‘Choropleth Maps’, ‘Dot Maps’, ‘Graduated Symbol
Maps’, ‘Chorochromatic Maps’, ‘Isoline Maps’, ‘Network Maps’, ‘Flow Maps’. During the cartographic evaluation,
existence and correct usage of cartographic elements in published maps have also been examined. ‘Title’, ‘Scale’,
‘Legend’, ‘Directional Indicator’, ‘Inset Map’, ‘Text’, ‘Resource Information’, ‘Projection and Datum Information’ are
the subheadings of ‘Cartographic Elements’ title.
Some published maps do not have scale information. Therefore, the ‘Scale’ should be predicted and the scale factor has
been approximately examined with 4 parameters: ‘Global’, ‘Continental’, ‘Regional’ and ‘Local’. Global scale involves
the entire world maps such as atlas maps and globes. Continental scale is for one continent demonstration. Regional
scale is for a region like a country or showing two or more countries together. Finally, local scale is for street maps and
large scale maps. The other main categorization is about the part of the newspaper in which the map is. For instance, a
map could be in a sport’s page, a comic or an advertisement, etc. The categorization focus on the parts of the newspaper
would reflect the use of maps, such as ‘Report’, ‘Sport’, ‘Strip Cartoon’, ‘Logo’, ‘Column’, ‘Caricature’, ‘Article
Series’, ‘Advertisement’, ‘Announcement’, ‘Weather Forecast’. ‘The map is in which part of the newspaper’ has been
examined. Therefore, the parts of the newspaper, which mostly use maps as a graphic presentation, have been explored.
There is another subtitle below ‘Report’ title to determine for what purposes are maps selected. Maps are usually
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included in report pages that have such topics as: ‘Politics’, ‘Transportation’, ‘Criminal’, ‘Natural Disaster’,
‘Contagious Disaster’, ‘Propaganda’, ‘Sport’, ‘Social Life’, ‘Economy’, ‘Science’, ‘Art’, ‘Education’ etc [3], [5], [6].
According to that structure, the database including geometric information was designed. Beside that the system
provides some queries based on features of images, the images could be inquired by location. This database system has
been structured by a computer programming language called C Sharp (C#) in Microsoft Visual Studio 2015 platform. It
was chosen because of the useful interface and flexibility of the language.

RESULTS
This study introduces an ongoing project on creating an extensive database of maps of Turkish newspapers. The project
covers issues of eight selected newspapers in a timespan of more than 70 years. All the maps found in the papers was
scanned and categorized. The building of the database has just finished and 30 years of newspaper selected between
1970 and 2000 to entry to the database for the first analysis. 6 of ( newspapers; Cumhuriyet, Milliyet, Star, Sabah,
Tercuman, Ulus are included in this data set. Because of the data entry to database has just began, there is no enough
result in the end.
The resulting database will be a great help for anyone who would like to investigete the characteristics and development
of newspaper maps through the decades of the twentieth century. The database, containing multifaceted data offers a
great opportunity for researchers to conduct research not only in the field of Cartography, but do interdisciplinary work
like the current study, connecting Cartography, Journalism, History and Politic studies. The research offers a new
Cartographic perspective to existing literature about ‘map use’.
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Abstract
The landscape mapping of various regions continues to be the most important task of the modern geography. In recent
decades, this direction has been widely used GIS technologies and spectral measurement for its purposes. Studies in the
central part of the Volga river delta landscape has a number of reasons. The process of the landscape mapping of the
central part of the Volga river delta has several stages with various GIS technologies, there are available topographic
maps in electronic form, radar topographic survey data (SRTM), planar-altitude base data and remote analyze. Webgeoportal technologies makes it possible to detail the location of key areas and field routes. The mapping process is
combined with GPS and mobile geolocation applications. Modern GIS technologies allows creating an electronic
landscape map of the central part of the Volga river delta landscape at a scale of 1:100 000.

Keywords: the Volga river delta, landscape, space images, GIS, landscape mapping, geolocation applications,
spectrometry.

INTRODUCTION
Despite the achieved success in the field of small-scale landscape mapping, the problem of the availability of mediumand large-scale cartographic data to different regions remains unsolved. The current situation does not make possible to
conduct a retrospective analysis of the structural and functional features of natural ("restored") landscapes, to
investigate the dynamics and transformation of geosystems under the influence of natural factors and anthropogenic
agents.
The object of the study is the central part of the landscape of the Volga river delta (Figure 1, Figure 2). Despite the
study of the natural geosystems of the delta ( Barmin Alexander N., Ermolina A.S., Iolin M.M., 2010; Barmin
Alexander N., Kurmangaliyeva A.R., 2011; Volynkin, I.N. , 1969; Zanozin V.V., 2006), the absence at the moment of
the landscape map of this region makes its implementation relevant.
The creation of a modern electronic landscape map is divided into several stages, on each of which certain functions are
realized in GIS technology (Konovalova T.I., 2005).
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Figure 1. Channel plains in the delta of the Volga River

Figure 2 Baer knolls in the delta of the Volga River

STAGES OF A LANDSCAPE MAP CREATING PROCESS
The first stage of mapping
At the first stage "catalog" of data of the explored territory is created. In this case, literary sources, stock cartographic
materials, available topographic maps in electronic form, radar topographic survey data (SRTM), planar-altitude base
data and space images became as a basis.
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The second stage of mapping
At the second stage, the necessary materials are prepared for expedition work. So, the boundaries of the geosystems of
stow-rank were previously allocated. The key areas were planned and a route of investigation was compiled, based on
web-geoportal technologies and visual analysis of the structure of the landscape pattern. Data from stock literature and
cartographic sources allowed to determine the boundaries of the region under study and to characterize its natural
territorial complex (NTC).
Route studies in the central part of the Volga delta landscape began in spring 2015 and continue in the present. In the
process of field research, landscape descriptions of key areas are carried out, a thorough photographic survey of NTC is
performed. Separately, it should be noted, that field studies are combined with accurate positioning systems and mobile
geolocation applications. This symbiosis allows quickly, directly in the process of the route, record the research
pathways, make corrections to the data, send graphic data and text materials to the laboratory.
The third stage of mapping
The third stage involves careful processing of field research data in the laboratory. Photographic materials are grouped
according to dates, on the basis of obtained mobile geolocation applications, interactive maps of routing studies are
formed. Such maps store information about the size of the surveyed NTCs, the graphs of altitude differences and, in
fact, the altitude data itself. Elevation data are also derived from analysis of terrain models, topographic maps and
SRTM data. Such a careful approach to studying the difference in elevation is due to the release of NTC as such. On the
basis of data on altitude, there were isolated tracts of limniс (kultuc) and channel plains (low, medium and high levels) (
Zanozin V.V., Zanozin V.V., Barmin A.N., 2017). On the basis of space images, an analysis of indicative landscapestructural relationships was carried out (Viktorov A.S., 1986). Climatic, geological and geomorphological and time
factors were considered at the satellite images analysis for detection of the landscape picture (NTCs borders).
Work on the decoding and spectrometry of NTCs is carried out in Image Media Center software, developed by Center
of Innovative Technologies (Moscow). Selected key areas with NTCs untouched by anthropogenic influence formed
the basis for creating an atlas of spectral graphs.
Space spectral measurement
Today in Russia there are no generally available spectral catalogs and atlases for the regions of the country that will
improve the accuracy of remote sensing data analysis in scientific and applied problems.
On the basis of the goal, the following tasks were set:
•

to study the theoretical basis of space landscape studies and spectrometry of the natural landscape;

•

to identify key areas of the central part of the Volga river delta with NTCs, unaffected by anthropogenic
impact;

•

to formulate the method of spectrometry of NTCs, characteristic for the region under study;

•

to obtain a set of spectral graphs;

•

to realize multi-user access to research materials.

The identification of landscapes involves a transition from the recognition of dominant tracts to the analysis of the
internal structure of the landscape as a whole, i.e. the whole set of tracts. With visual decoding, the contrasts of the tone
(color) image of the reference NTCs can become among the other deciphering features one of the effective ones. To
determine the reference NTCs, it is necessary to take into account the textural features of the pattern, the size and
configuration of the contours. Despite the variability of the tone of the cosmic image, often due to a change in the
seasonal, subseasonal and weather conditions of landscapes, the features of the picture in the main features can be
preserved for a relatively long time, reflecting the horizontal inland landscape differentiation of elementary natural
geosystems.
The brightness of objects, which is characterized by the coefficient of spectral brightness (rλ), varies in different
spectral zones and is denoted as a percentage or fractions of unity. Parameters of coefficient of spectral brightness are
represented as a graph (or curve) of spectral brightness.
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The coefficient of spectral brightness of landscape objects, as well as clouds and air haze, depend on the physic and
chemical properties of the elements of these objects, temperature, humidity, and vegetation - from the phenophase, the
season, spatial structure and other factors. Thus, one of the main tasks of studying the optical properties of natural
objects and vegetation cover, in particular, is to determine the empirical dependences of the coefficient of spectral
brightness of these objects on various factors that affect their variability.
Complete functional descriptions of the variations of the coefficient of spectral brightness of natural objects from
various influencing factors are commonly called «catalogs». Directories or other descriptions that do not contain
complete information on the dependence of the spectral brightness on factors that affect their variability and are not
provided with statistically significant series of initial data should be referred to as «atlases» of coefficient of spectral
brightness (Altynov A.E., Malinnikov V.A., Popov S.M. , Stetsenko A.F. 2010).
Separately, it should be noted that the spectrometric measurements of NTCs in the central part of the Volga river delta
are aero-spectrometric and space-spectrometric (Figure 3). Aerospectrometry is carried out from the side of an airplane
or helicopter to study larger and less homogeneous objects, for example, west-subordinate lakes, etc.

Figure 3. Space spectral measurements of NTCs in Image Media Center software, developed by Center of Innovative
Technologies (Moscow)

The peculiarity of space spectrometry is the use of remote sensing data, where the total radiation of the Earth's surface
and atmosphere is recorded. Therefore, one of the tasks of space spectrometry is to study the effect of the atmosphere
on the optical characteristics of terrestrial objects.
The last stage of mapping
At the last stage, data validation, its systematization for typing of allotments during the creation of the landscape map
and, in fact, the design of the cartographic product itself are realized.
The projected landscape map of NTCs of the central part of the Volga River delta is synthetic. This means that the
geographic complexes are mapped onto the map, combining them into species and types in accordance with the
taxonomic system of landscape units. Thus, the image objects on synthetic maps are not different geographical
components, but their complexes, displayed in a single system of symbols. Each symbol of the map refers
simultaneously to many interrelated indicators (Isachenko A.G.,1961). An example of a fragment of the projected
cartographic material is shown in Figure 4.
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Figure 4 . Fragment of the landscape map of the central part of the Volga river delta
(based on the key area Obraztsovo-Travino),
1 - low level limniс (kultuc) plain; 2 - middle level limniс (kultuc) plain;
3 - limniс (kultuc) high level plains; 4 - Channel shallow low-level plain; 5 - Channel shallow plain (average level); 6 Channel fine-grained plain of high level; 7 - limniс (kultuc) lake; 8 - watercourse;
9 - natural levee (channel bank)

CONCLUSIONS
In addition to solving the issue of designing cartographic data, the issue of their distribution remains. Therefore, the
next stage of designing a landscape map is the stage of distribution, support and continuous transformation.
With the development of GIS and IT technologies, cartography continues to evolve. Previously, it was proposed to
develop a landscape web-GIS (Zanozin V.V., 2016). Such a geoinformation resource will provide a generalization of
different level information, the development of non-standard scientific concepts, the rationale for decisions on the use
of natural resources, will allow the dissemination of cartographic data for free use.
Modern GIS-technologies in landscape mapping makes it possible to optimally organize field studies and interpretation
of space images, create a comprehensive information system for representing the territory, and systematize the process
of designing cartographic material.
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Abstract
This paper discusses available geo-data sets and their use for disaster preparedness education in Bulgaria, which
should be adapted to school and university education using advanced mapping and visualization methods. The younger
generation of different ages can be included in process of data collection before, during and after disasters, as well in
design and elaboration of cartographic products. Based on previous experience and achievements in preparation of
educational materials for different children groups, geo-data characteristics and their expedient usage for disaster
preparedness are outlined. Getting children involved in making 2D and 3D maps contributes to acquire the knowledge
and skills how to use different maps for particular purposes. These syllabus development aims to support the openended model for educational and training centre "Save the Children’s Life". The main purpose of such type of centre is
to build a disaster prevention culture of the younger generation. An opportunity to involve the young people in carrying
out a scientific and experimental researches, which provoking their interest to access to real geo-data and modern
mapping methods related to DRR, as well some changes of the school curriculum in this direction, is also discussed..
Keywords: Geo-data, disaster preparedness, educational curriculum, cartographic products, educational centre

INTRODUCTION
In 2015, UNICEF approved the new Sendai Framework for Disaster Risk Reduction (DRR) 2015 – 2030 adopted at the
third UN International Conference. Based on the lessons learned, gaps identified and future challenges, among the
actions to be undertaken, a special attention is paid to the children and youth in their role as agents of change, to whom
should be given the space and modalities to contribute to the disaster risk reduction, in accordance with legislation,
national practice and educational curricula - Priority 34 of the Senday Framework (UNISDR, 2015). The preparation of
the population and the children in particular, on topics related to disaster preparedness, is a key tool for building a
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culture of prevention and safety, based on sustainable theoretical and practical knowledge. The Sendai framework
recognizes the need to involve the younger generation in various risk mitigation measures, strengthening community
sustainability and even in shaping the legislation to better protect against disasters and related emergency situations.
Children, as one of the most vulnerable social groups, need special care, and appropriate measures and reasonable action
must be taken to protect them in all phases of DRR management (Kousky, 2016). Special efforts are required to prepare
children of different ages for a proper crisis situations response. First steps towards these preparedness is to provide proper
information and education. One of the most appropriate and intuitive information delivery tools and decision-making
capability is working with different maps - preparation, reading, comparing – e.g. landscape maps, disaster hazard and risk
maps, city maps, road maps, evacuation plans, etc. The success of this challenging task lies upon the availability and the
accessibility of relevant geo-data.
Another challenge is to engage the public community and the young generation in the process of preparing for and coping
with natural disasters. Adequate government policy in this direction is a key to DR prevention and saving lives. The
benefits of implementing training on the nature disasters protection in educational programs can be summarized as: a)
creating a sustainable safety culture in future generations; b) creating sustainable behavior of children and young people
during the disasters backed by the right actions and decisions during the emergency in order to reduce the consequences; c)
dissemination of core practices and protection actions to the family and community level through children; d) building a
new generation aware of the existing natural threats of the planet and setting the foundations for looking for better and
advanced practices for dealing with them in the future (Lopez et al., 2012; Savova-Georgieva, 2018).
This paper discusses the availability and suitability of different geo-data for disaster preparedness education in Bulgaria,
given that specialized disaster information needs to be adapted to different age groups of the younger generation and
appropriately presented through effective contemporary interactive visualization methods. Data and geoinformation
from different sources can be collect before, during and after disasters, in which the activities the younger generation
can take part as well as in the development of cartographic products. Getting children involved in the development of
2D and 3D maps and innovative methods of collecting, storing and processing data contributes to the acquiring of
knowledge and skills to use different cartographic products for specific purposes.
Developing an appropriate curriculum and the creating an educational and training center for the younger generation is
a feasible undertaking to increase knowledge and culture for disaster risk prevention. Some syllabus development
aiming to support the open-ended model for educational and training centre "Save the Children’s Life" in Bulgaria is
suggested by Bandrova et al. (2015) and Marinova and Kehayova (2016). The contribution to building a disaster
prevention culture and the training of younger generation has an undeniably explicit social and economic impact.
Starting to work in this direction in the secondary school, and even earlier, these pupils will be educated students who
are already prepared to improve their knowledge and skills to deal with natural disasters, to contribute to the
development of relevant readiness policies disasters and for their effective implementation. Next step of the education is
the University level. The effective work towards sustainable development of resilient society requires sound education,
oriented to the disaster mitigation phase, which is strongly related to the multi- and inter-disciplinary university
education (Kouteva and Boshnakov, 2018). During this education undergraduates and graduated students are involved
in work with professional geo-data and databases.
This paper aims to provide brief review that touches different use of geo-data, including their usage as opportunity to
involve the young people in carrying out a scientific and experimental researches provoking their interest to access to
real data and the application of mapping methods within the process of disaster risk management.

GEO-DATA AND GEOINFORMATION TOOLS FOR EDUCATIONAL AND TRAINING
PURPOSES
Geographic location, geodynamical setting, hydro-meteorological and climatic conditions are strongly associated with
emerging natural disasters in a particular region on the Earth surface. Geo-spatial information covers a wide range of
data sets and formats and its diversity makes it suitable for solution of various tasks related to the full cycle of DR
management. In the last two decades, considerable research effort has been directed towards the establishment of
databases on historic natural disasters on the Bulgarian territory (e.g., Pashova et al., 2010; Slavova, 2018). Undisputed
role is played the remote sensing and GIS, whose inclusion in activities before, during and after the disaster
significantly improve the quality response and recovery. As a result, many disaster databases and information systems
on national and local level have been built (e.g., National Geofund, Meteorological Database and Information Service at
NIMH-BAS, seismic data base at NIGGG-BAS, National Automated System for Environmental Monitoring, etc.).
Several platform as geoportals provide information about different geohazard at local, regional or national level (see
e.g. GIS portal of MRDPW at web address: http://gis.mrrb.government.bg/).
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The specialized data sets and information is used mainly from researchers, experts, and decision-makers of managing
bodies and agencies at different levels. It is a challenging task to interpret useful content of all information releted to
DRR from different sourses on the understandable language for children, and they to be able to react properly in
emergency situation. Short overview of good practices (Bandrova et al., 2015; Marinova and Kehayova, 2016; SavovaGeorgieva, 2018) shows that the children and young people can be attract to learn of the natural phenomena by the
interactive computer graphics and computer games, short informative broshures, puzzles and colour hazard-related
pictures, multimedia products (music, audio playbacks, short educational movies, etc.) and to contribute for improved
their DR preparedness. Education by multimedia educational tools – with new hardware and software tools the
multimedia can be used for better communication and educational purposes at schools. It comprises a harmonious and
simultaneous existence of five arts – text, graphics, design, video, animation, and sound. Interactivity, www internet,
virtual and augmented reality (Savova, 2016), 3D mapping, and invovative technological devolopments substantialy
change the educational and training possibilities, delivering direct messages during the learning process. The new
technological achievement provide direct transfer of text, video and sounds messages by emmediate fransfer-receiving
informationa and simultaneous communication dialogues. By WWW-internet showing and sharing the information by
various ways via Web sites, Web blogs, Social Media, on-line cources and interactive tutorials using also
communication channels boast the communication exchange. Long-distance learning methods offer new possibilities of
reaching and spreading out useful DRR information and knowledge, to test the shoolars and students with on-line test
quizzes. The educational courses include text, video, audio tutorials, 3D animation presentation, e-books, tests, and
many other interactive applications. By multimedia tools the complicated processes such as earthquake, landslide or
meteo-storm can be demonstared attractively and children and students can understand the complex interrelationships
through controling the learning process. Multimedia e-games and virtual reality can be easily understand by childrens,
following strong rules of level of difficulties and sophistications, complexity of problems and test with questions by the
adventure games for problem-solving approach. One good example of the platform for e-learning is Multimedia
Educational Resource for Learning and Online Teaching (https://www.merlot.org/). MERLOT is a program of the
California State University, which gathers free and open online resources. The aim is to share high quality learning
materials and pedagogy. The content is assembled from various sources worldwide. Students can find submitted
materials, authored materials, commented, learning exercises or provided personal collections, including for DRR
educational and training purposes.
One of the latest innovations is the inclusion of sharing by Social media as a powerful tool for real-time data collection,
including in case of emergency situations (Alexander, 2014; Dillon, 2016). This is done by tracking messages from
profiles that mention the particular disaster. End products are continuously updated interactive maps via Internet
available for online use. While the efficiency of social networks and platforms for volunteer sharing of geospatial
information on the Internet is indisputable in dealing with disasters, discussions are still ongoing on its credibility.
Experts are looking for solutions to improve security and the application of criteria for the selection and verification of
user data.
On the base of the research with children and students on the topic of EW&CM, suitable layers of topographic maps
could be included as a base to make a map for children useful in situations of disasters. Some of these layers include
hydrology network, relief (not represented by contour lines), administrative boundaries, roads, railways, specific objects
of infrastructures represented by symbols. The geo-data can be choosen according to specific response of the questions:
“Who will read the map?”, “Why the map is made?”, “What is a map device?, etc. General responses of these questions
could be seen in (Hřebíček and Konečný, 2006). Another very important question, particularly for the MSc and PhD
students is “How the map is made?” that is connected with the necessary geo-data, relevant methods for data processing
and appropriate visualization.

GEO-DATA AVAILABILITY, ACCESSIBILITY, QUALITY AND SUITABLITY TOWARDS
EDUCATION FOR DISASTER PREPARADNESS
Spatial data and associated technologies have been important for effective collaborative decision-making in DR
management (Mansourian et al., 2005). Diversity of data sets and multi-source information require appropriate
organisation into unified data base, systematization and interoperability. The process of DRR is inter- and
multidisciplinary, for which timely and effective provision of geo-data and other information have an essential
contribution. Remote-sensing techniques, GIS and GNSS tools are frequently used for management in pre-, during and
post-disaster activities. Data storage, organization and integral management into GIS-environment greatly increase the
utility of geospatial information. Still challenging task remains the spatial data-sharing in disaster management
activities. To overcome some of this challenges the use of a Spatial Data Infrastructure (SDI) and geospatial
technologies is recommended by several studies and initiatives (INSPIRE, 2007; Miyazaki et al., 2015; Sterlacchini et
al., 2018). The use of SDI in DR management supports the creation of technology for web-based access to spatial
information and includes the responsible disaster management bodies as key stakeholders for producing, updating and
maintaining the necessary spatial data sets for disaster response.
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The Committee on Earth Observation Satellites (CEOS) developed a reference model for using satellites, sensors,
models, and associated data products to support DRM within the Global Earth Observation System of Systems
(GEOSS) (Evans & Moe, 2013). The CEOS concluded with perspectives for the engineering and technology viewpoints
and highlighted the considerations of catalog service, data access, and interoperability among services and platforms.
The developed reference model could serve as a guideline for delivering Earth Observation data in emergencies and is
applicable to geospatial data products. The sharing of remote-sensing, GNSS, GIS and volunteer data, technologies and
procedures during the natural disaster management should be encouraged in order to support communication and to
avoid damage due to disasters as well as to elaborate emergency plans. The exchange of information will aid in the
development of intelligent DRR systems, enable the communication of the precise location and magnitude of damage
and the determination of escape routes, and facilitate the development of mitigation and aid procedures after disasters.
Geospatial data are necessary to be with specific accuracy and detail to satisfy the needs for DR management.
Traditionally, these requirements are disclosed in the form of technical rules, regulations, instructions and guidelines for
creation, maintenance and update. Most of the public authorities (research institutions) and governmental
bodies/agencies in Bulgaria provide data sets and information following the national legislation and adopted internal
regulations. On European level, restrictions on the provision of geospatial data is defined even for the open data of the
European Union. Article 13 of the INSPIRE Directive of 14 March 2007, 2007/2/EC establishing an infrastructure for
spatial information in the EU regulates the possibility of limiting public access to the national spatial data and
geoservices (INSPIRE, 2007).
With regard to the geospatial information management in Bulgaria two main directions can be distinguished: (i)
collection and updating geospatial data performed by national agencies worked with geospatial information; (ii) use of
geospatial data by public and private sectors of the economy, mainly through market mechanisms. Effective solution of
specific tasks related to the DR management should be provided with the ability to integrate a large amount of
geospatial data generated by various organizations and agencies by establishing National SDI. The delay of this process
on governmental level (Pashova and Bandrova, 2017), makes difficult the effective use of available resources for the
purposes of DRR activities. Responding to this challenge requires coordination between governmental institutions,
academia, local governments and communities, NGOs and other interested parties.
Geospatil data are playing increasingly important role in disaster risk preparadness. Integrating information on risk
assessment on easily accessible, publically available datasets is a clear request addressed by Hyogo or Sendai
Frameworks for the disaster risk management. Successful DRR results from the combination of top-down strategies
with bottom-up methodological approaches, which can be bridged the gap between practice and policy using SDI based
on risk mapping (Antofie et al., 2018). The Disaster Risk Web-platforms (DRWP) across Europe is developed and
maintained by the Joint Research Centre of the European Commission. DRWP have acquired an important role in DRM
through sharing of geospatial data, tools and methodologies with great importance for DR management. DRMKC
RiskData Hub will host various geospatial data, technologies and methodologies coming from different sources
(projects, organisations and scientists). In order to share all these resources, the platform will promote data sharing on
the concept of open data and open technologies. Bulgaria has not yet developed a disaster web platform that have
provided links between hazard modelling, societal, and environmental impacts. There is some geoprtals providing some
information about the inventory hazardous events or impacts, representation of hazards and risk maps (see, e.g.
http://gis.mrrb.government.bg/; http://bsdi.asde-bg.org/risk_en.php).

INTERNATIONAL EFFORTS FOR DRR EDUCATION AND TRAINING
The theme of “Disaster Reduction, Education and Youth” was introduced during the UN World Disaster Reduction
Campaign in 2000 (UN, 2000). This priority has become integral to the 2005-2015 Hyogo Framework for Action as part of
Priority 3, focusing on the “use of knowledge, innovation and education to build a culture of safety and resilience at all
levels” (UNISDR, 2005). The International Decade of Education for Sustainable Development (2005-2014) led by
UNESCO provides a long-term focus for taking this agenda forward. It is becoming increasingly clear that young people
should not be perceived as mere victims but as effective and full participants in the whole process of disaster risk reduction
taking into account their levels of physical, social and emotional development, and assessing their capacities and opinions.
Young people are able to convey messages with a meaning shared by their families and peers; they are more willing to
learn/change and develop a culture of adaptation and mitigation, offer immense creativity and the will to reduce risks, and
are able to participate beyond a disaster preparedness role (Seballos et al., 2011; Lopes et al., 2012).
Disaster risk reduction is a proactive approach, which starts with disaster risks identified, assess and address as part of
long-term development. According to UNICEF (https://www.unicef.org/eca/), a few countries worldwide have
comprehensive and child-sensitive DRR plans in place and relevant training for their execution when a natural hazard
strikes. Very often, most of victimims and injuries are due to lack of preliminary information and training on the
existing very good DRR plans. Children form one of the most vulnerable to disaster social groups; therefore they need
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to be educated continuously in the field of DRR. Important challenge of the advanced researchers and experts is to
ensure that knowledge and skills, gained by the children in the DRR training centres during primary and secondary
school will be useful throughout their lives. Major milestone in improving the children's knowledge is developing their
cognition competencies and skills to deal with geospatial data and information. It is expected that the child have a
"basic" understanding of the terms Geography and Information from the primary and secondary school. Collaboration
between schools and universities, involving undergraduate and postgraduate students in DRR education at schools,
coupled with contemporary tools and technologies providing geospatial information is an effective approach for
increasing resilience of youth generation against disasters and accidents (Lopes et al., 2012).
International DRR strategies and initiatives (UNISDR, 2018) include headline targets for adequate crisis management
tied to population education. Recently, a special attention is paid on the inclusion and popularization of the education
and training related to natural disasters at school (Seballos et al., 2011). DRR education should be based on: (i) selected
pedagogical approaches, (ii) positive impact on pupils and (iii) experimental training to include them in actual disaster
preparation and real-life lessons to respond to the real human experience. The acquired experience in the field of Early
Warning & Crisis Management (EW&CM) has shown that the non-specialists, students and children have to be
educated in disaster preparedness and relevant special topics, including how geoinformation from a wide range of
available paper and multimedia materials can be quickly and easily extracted and visualize. It is very important to use
the proper tools to develop and improve the spatial thinking skills of the young people (e.g. Bandrova et al., 2015;
ISDR, 2018).
The International Cartographic Association (ICA) is active in the process of teaching people how to make and use maps
created for early warning, nature risks and disasters, for emergency needs. ICA follows resolutions and agreements
from World Summit on Sustainable Development and mainly United Nation Hyogo Framework. The results are coming
in the form of organization of various meetings and seminars as well as propagation of the cartography and geographic
information understanding in the risk processes and crises management (Konecny, 2008). One of the main role of the
ICA commition on EW&CM is to search and find the right way for preparing better educational materials to support
teachers in their role as educators. Education specialists and children can perform simulation exercise to demonstrate
how young children can apply their skills in responding to emergency situations, while educators were able to interact
with the children using child-centred and inclusive methodologies. With cross-sectoral commitment and consistent
work developing education curriculum and training materials for DRR, there is reassure that all children, including
children with disabilities, will enjoy safer lives and more resilient schools. We could show here many examples in this
direction such as: (1) Simulation game of natural disaster in Indonesia: educational simulation game that dealls with
disaster understanding and prevention; conveys messages written in the answering cards that help students to
understand what natural disaster is and how some actions can reduce the impact of disasters; (2) Algeria provides to
students posters, booklets, brochures, books, emergency “Go” Bags, site-based exibit; (3) Iran proposes earthquake
preparedness planning in school, supplying with textbooks, educational materials and tools; (4) In Turkey there are
several national projects in which educational materials are elaborate; distance learning programmes, awareness and
measures for disaster risk mitigation and climate change adaptation; (5) India proposes educational materials, models of
flood, cyclones, different games; (6) USA and Australia provide web-based activities, school kits and classroom
activities, audio visual resources for education and training.

BRIEF OVERVIEW OF BULGARIAN EDUCATIONAL INITITIVES RELATED TO DISASTER
PREPARADNESS
Bulgaria is prone to natural disasters, such as floods, heavy snowfalls isolating mountainous populations, and seismic
activity (BG, 2017; NSI, 2018; EM-DAT, 2018). The potential impact on children and families ranges from damage to
households and assets to human casualties. The Government has capacity to respond as well as access to significant
financial support from the European Union in the event of an emergency, but there is a need to introduce a child- and
gender-sensitive approach in the DR preparedness and response.
Bulgarian educational system provides limited knowledge and does not sufficiently develop the skills of children and
students of different age to deal with situations or events that are extraordinary, such as natural disasters. To answer
these needs, a conceptual framework for Educational Disaster Centre “Save the children life” establishment at UACEG,
Bulgaria, is stated, considering that the children are very capable to adopt innovations quickly, to develop their own
innovative solutions to real challenges, and take advantage of complex concepts to reduce risk in disaster situations
(Bandrova et al., 2015). The education in the EDC aims to contribute to developing child' skills to act appropriately for
their own safety in case of emergencies. Such educational initiatives at national or international level are also supported
by the UN Office for DRR (www.preventionweb.net) and UNICEF (UNICEF, 2018). Spatial thinking should be taught
at all levels in the education system. With advances in the tools and technologies of computation, developing spatial
thinking is more readily possible today, but concomitantly, improved cognitive abilities are necessary, to take advantage
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of rapidly changing support systems. Spatially literate students should be lifelong learners using advantages of the
modern tools and technologies.
Following the trends traced by the Committee on Support for Thinking Spatially (CSTS, 2015), this educational
challenge, in general, is threefold: (1) to provide pupils, children, and youths with experience using low-tech tools
(paper, pencils, protractors, compasses, etc.); (2) to provide students with opportunities to learn several general-purpose,
high-tech applications that support spatial thinking (e.g., Excel, PowerPoint); and (3) to develop the skills that will
allow them to learn new low- but especially new high-tech applications (e.g., Bandrova et al., 2015; Savova, 2016). The
disaster preparedness as well as rapid and adequate disaster response includes knowledge on proper use of thematic
maps, other graphic materials and multimedia products, reading special symbols in these materials. This knowledge
couples the ability to read and to construct such symbols.
Educational programs for students' disaster response in Bulgaria as a general concept is suggested by Marinova and
Kehayova (2016). Taking into account the specificities of Bulgarian educational system and already achieved results
until 2016, a critical overview of available educational materials, books, posters, etc. elaborated within the framework
of EU or nationally funded projects, is carried out. The main shortages discovered in this analysis are the lack of
educational and training materilas of all major natural hazards concerning Bulgarian territory; the content, design and
useful information, are not sufficiently well adapted for the children at different ages; regularly provided National
reports for DRR do not include information about the development and implementation of educational materials for
children in the Bulgarian school curriculum. The concept of disaster response education programs comprises three
different levels of education, consisting of lectures and training in four main modules: "Types of disasters", "Disaster
Assessment and Preparedness", "Disaster Protection and Response", and "First Aid". The proposed educational
programs aim to teach students what to do and how to react before, during and after a disaster, providing them
knowledge and building up skills to cope with unexpected situations.
The best way to teach children is to play games with them. By game the children will be not only teached but also will
understand their opinion about different details in the process of EW&CM, to encourage them to use maps (see Figure
1) and to take better decisions for their safety behaviour (Bandrova and Milanova, 2011). The main task is to study
children’s understanding of maps for EW&CM and to perform similar researches at national and international level, for
example in Austria, Bulgaria, Czech Republic and Slovakia (Bandrova at al., 2010). Another reason to do such
researches is to increase the number of children participated in educational and training activities. This will provide an
opportunity to make conclusions on the basis of statistical analysis.

Figure 1. Preparation of children to use maps
A suitable flood-proofing tool is a sandbox with an augmented reality or AR Sandbox (see Figure 2). This is a system
that can be used for real-time natural disaster simulations in laboratory conditions. It is created by Oliver Craigos and
his team at the University of California, UC Davis (Kreylos, 2015) AR Sandbox aims to combine a real sand container
with virtual topography. This is done by means of closed sensor chamber, digital projector with 3D camera, and
computer with powerful simulation and visualization software. The system enables users to create topographic models
by sand modeling, real-time, hypometric coloring, and isophytes. Its main advantage is that topographic patterns are
scanned in real time - that is, with changing the facing forms in the sandbox container to a convex surface on them, they
also change (Savova, 2016).
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Fig. 2 Architecture and realization of AR Sandbox (Savova, 2016)
Specialized education in DRR at university level in Bulgaria is provided, so far, at military academies, high schools
related to the Ministry of Interior and civil universities. The education at the military sector is predominantly oriented
towards operational actions during the response phase of the disaster management cycle. Regarding the civilians’ high
education, structural engineers have been always educated to use and apply the newest code and standards for design
and construction. Recently new efforts have been performed introducing elective courses on disaster risk management
for structural engineers at the University of Architecture, Civil Engineering and Geodesy, Sofia. New MSc program,
titled Engineering Provision against Disaster and Accidents at the Faculty of Structural Engineering
(https://www.uacg.bg) has been set together with the NATO CMDR COE (https://www.cmdrcoe.org/) and the
Academy of Ministry of Interior (https://www.mvr.bg/academy). The process of this program preparation itself has
proved to the program development team and the authors the need to expand the narrow boundaries of the construction
specialists’ education to accommodate the interdisciplinary knowledge required for effective participation in accidents
and disaster prevention.

CONCLUSIVE REMARKS
Geoinformation from different sources can be used to collect data before, during and after disasters, and in this process
the younger generation may be included as well as in developing the educational and training cartographic products. It
is still difficult to find appropriate and provide geo-data and spatial information on the Bulgarian territory with the
necessary qualities that could be useful for the purposes of the full DRR cycle. Responsible institutions which have to
carry out disaster risk management, in some cases, do not use freely or at a certain level the accessible information, and
do not taking into account the interdependence and impact of individual risk events on the human environment. This
can be confirmed by several examples over the past few years, such as floods in Varna and Dobrich in June 2014 and
flood in Burgas in October 2017.
Using geo-data and innovative methods for their collection, storing and processing is the natural way of rapid upgrading
and development with participation of the children at different ages is an approach that can successfully enhance their
culture of DR prevention. Open-ended model for educational and training centre aims to building a disaster prevention
culture and the training of younger generation from earliest childhood. Starting to work in this direction at primary and
secondary school and even earlier, these pupils will be educated students, already prepared to upgrade their knowledge
and skills to deal with natural disasters, to contribute to the development of relevant disaster preparedness policies and
for their effective implementation. proper measures need to be taken to change of the school national curricula and to
include the education and training topics related to acquaintance with main types of disasters, disaster assessment, DR
preparedness, protection and response, and first aid. Forming educational networks, working with parents, partners and
governmental institutions at international, national or local level to bring about structural change, for example in
education policy, can be activities supporting DR preparadness. Other can include working to improve education,
legislation and increase the resilience by proper tools for developing prevention capacity at the individual and
institutional level. Schools and training centres like "Save the Children’s Life" can recognised as focal points in DRR
and involved in community education and advocacy programmes.
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Abstract:
The main aim of this contribution is to show the automation of workflow of generation of strategic report based on
spatial analysis.
The data, including spatial data concerning emergencies solved by the operational centers of Fire and Rescue Service
of the Czech Republic, are stored in relational database management system. They are very valuable sources of
information for strategic decisions.
The data are further processed by various analytical methods, including methods of spatial analysis, in order to identify
key facts for strategic decisions concerning the management of emergencies. The outputs of the data analysis are
further transformed into standardized report for the superior officers of the Fire and Rescue Service of the Czech
Republic in order to make them easier to understand.
It is very convenient to automatize the above-mentioned process with Python script, which uses ArcPy library for
processing of spatial data and LaTeX for final report generation.

INTRODUCTION
On 1 January 2016, a new unit for fire protection of the Prague Castle (the seat of the president of the Czech Republic)
was established [1]. This Unit is a part of the General Directorate of Fire and Rescue Service of the Czech Republic and
its chief is directly subordinate to the director general.
The Unit’s work shift consists of two crews. One of these crews is set aside solely for the protection of the Prague
Castle. The Unit closely cooperates with other security services of the Prague Castle, such as the Military Office of the
President of the Republic, the Castle Guard, President of the Czech Republic Protection Unit of the Protection Service
of the Police of the Czech Republic and State Officials Protection Unit of the Protection Service of the Police of the
Czech Republic.

The Unit for Fire Protection of the Prague Castle fulfils its duty not only in the area of the Prague Castle, but also
carries out standard fire brigade missions in the area of adjacent districts of Prague, including Hradčany, Malá Strana,
Dejvice, Bubeneč, Lysolaje, Sedlec and Suchdol.
The Unit is specialized on the chemical protection and protection of historic monuments, or more precisely, of the
cultural heritage. In the framework of the unit, a Guard of Honor is also established.
For support of the internal decision processes concerning the Unit, a regular monthly report of the Unit activities must
be prepared. These monthly overviews share the same structure, so the possibility of their automatic generation through
a script naturally emerged.
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THE STRUCTURE OF THE REPORT
The monthly reports are provided in the form of a pdf file in order to prevent its further unwanted modification during
reading and to ensure the proper display of the structure of the document when read or printed. Its structure consists of
the following main parts:
1.

title page,

2.

an introduction to the report,

3.

list of responses which occurred in the operational area of the Unit,

4.

list of responses on which the Unit participated,

5.

one page summary of the Unit responses during the last six months, classified according to the standard
classification of emergency events.

Each page of the document contains in its footer the number of the current page and the number of all pages in the
document.
The title page contains, beside the name of the Unit and the name of the department responsible for generation of the
report, also the month and year for which the report is generated.
The introduction gives the reader a short description of the data that are summarized in the report. It also gives the timestamp indicating the time when the report was created.
After the introductory pages, the tabular overviews with lists of responses follows. The lists of responses, which
occurred in the Unit’s operational area, and the responses on which the Unit participated, are not necessary the same. In
reality, these lists overlap only partially.
The Unit is not involved in all responses, which occur in its operational area. Sometimes, for example, the incident is
too small and the assets of voluntary firefighters are sufficient, or the assets of another unit are more suitable, to deal
with the emergency. On the other hand, the Unit may also deal with a response outside of its operational area.
The first response list gives the overview of the responses, which occurred in the Unit’s operational area, in the form of
a dynamically generated table. The table contains:
1.

type of the response according to the standard classification scheme of the Fire and Rescue Service of the
Czech Republic (e.g. fire, car accident, technical support, railway accident (subway included)…),

2.

short description of the response,

3.

municipality and its part in which the response occurred,

4.

address of the incident, with street name and house number (if available),

5.

the precise date and time when the incident was reported to the operational center,

6.

time when the incident was reported to the Unit,

7.

name of the unit and time when the incident was reported to each unit involved.

Under this table, a short summary of its data is provided. In the summary, the total sum of all responses, which occurred
in the Unit’s operational area, is given, together with the number of responses in which the Unit was or wasn’t involved.
The second list, also a dynamically generated table containing the data on the responses on which the Units participated,
has the same structure as the first table. Again, under the table, a short summary of its data is provided. In the summary,
the total sum of all responses, on which the Units participated, is given together with the number of responses carried
out by the unit both inside and outside of its operational area.
The last table provides the half-year overview of the responses of the Unit. The responses are classifies according to the
standard classification scheme of the Fire and Rescue Service of the Czech Republic. The last row of the table contains
sum of all the responses on which the units participated during the month.
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FROM THE DATA TO THE REPORT
The data describing the emergencies and responses are stored in Oracle relational database management system situated
at the regional operation centers of Fire and Rescue Service of the Czech Republic. In regular intervals, selected group
of the records and its attributes are synchronized with a central Oracle relational database management system at the
General Directorate of Fire and Rescue Service of the Czech Republic. In order to prevent damage of the data stored in
this database, minimize the workload on the key tables in database and create custom selections of the data and its
attributes, various views are created.
For generation of the monthly report of Unit responses, two special views were created:
1.

view containing all responses on which the Unit participated,

2.

view containing data about all responses carried out by the all firefighting units, both professional and
voluntary, in the territory of Prague, the capital and largest city of the Czech Republic.

From the database, the standard classification scheme of the responses is also downloaded.
At the start of the script, the user gives to the command line interface of the script, which generates the report (figure 1),
the month end year for which the report will be generated. After this input is given to the script, the script carefully
checks it for validity. When inputs are valid, the script start it’s further processing. If inputs are non-valid, the script
execution is safely ended and information with further description of the error is provided to the users.

Figure 1. Command line interface of the script with month end year for which the report will be generated.
If the input data are valid, the script sends to the database containing the data an SQL query, which selects the data
corresponding to the month and year given by the user. The selected data are subsequently downloaded into ESRI File
Geodatabase (FileGDB) containing the tables with predefined structure. The file geodatabase serves as a template,
which is filled by data downloaded from the database. The download of the data into file geodatabase is carried out
because of following purposes:
1.

Execution of the spatial analysis over the data. The data stored in views of Oracle database does not use the
support for the storage of spatial data and further spatial analysis.

2.

To prevent damage of the data stored in Oracle database situated at the operational center of General
Directorate of Fire and Rescue Service of the Czech Republic.

3.

To minimize the workload on the key tables in database.

The file geodatabase in its template state contains the polygon feature class of the Unit’s operational area. With the
polygon it is possible easily select all responses inside the Unit’s operational area and make further selection from this
responses based on whether the Unit participated at the response or not. We can also use the polygon for selection of
those Unit responses, which are either inside or outside its operational area. The results of the spatial selection are
stored in the predefined empty tables in file geodatabase.

927

Proceedings, 7th International Conference on Cartography and GIS, 18-23 June 2018, Sozopol, Bulgaria
ISSN: 1314-0604, Eds: Bandrova T., Konečný M.

Finally, all responses of the Unit during the past half year are reviewed und summary table of those responses is
created. In this table, the responses are classified according to the standard classification scheme of the responses and
sum for each class is provided together with control sums. The total sum of the Unit responses in each month of the
preceding half year is also created. The standard classification scheme classifies the responses into following categories:
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.

fire,
fire where fire brigade doesn’t respond,
car accident,
large car accident involving many cars,
railroad accident (subway included),
aircraft accident,
other transport accident,
escape of gas or aerosol,
escape of liquid (without petroleum product),
escape of petroleum product,
escape of solid particles,
escape of other hazardous chemicals – other (including other than chemical materials)
technological accident,
technical assistance,
technological assistance,
other assistance,
radiation incident,
other emergencies (epidemic, zoonosis and others),
false alarm.

REPORT GENERATION
When all data are prepared and stored in file geodatabase, the program can start the final generation of the final report.
For generation of the report in the form of pdf document, the pdfTeX, which is a part of LaTeX document preparation
system, is used. The program for generation of the report reads the template, which is plain text file and contains LaTeX
directives for formatting the final document, and fills the template with the data obtained from file geodatabase. The
program uses standard Python template strings mechanism.
The substituted template is interpreted 5 times in order to ensure proper numbering of the dynamically generated parts
of the pdf document.
After the generation of the pdf report, a plain text e-mail, announcing the creation of a new report to superior officers is
also created from predefined template.
The title page of the generated report is shown on the figure 2.
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Figure 2. Title page of the generated report with dynamic numbering of the pages and with the period for which the
report is generated.

USED TOOLS
The program for the generation of the reports is written in Python 2.7 language and uses the interpreter and environment
distributed with ArcGIS Desktop 10.X by ESRI Company. This python distribution contains the ArcPy library for
processing of spatial data, which is used for spatial analysis in the program [2]. Program successfully runs with Python
2.7 language distributed with version 10.4, 10.5 and 10.6 of ArcGIS Desktop [3]. For access to the Oracle database, the
interpreter was supplemented with cx_Oracle library of an appropriate version [4, 5]. The file geodatabase template was
created using ArcGIS Desktop 10.X [6].
As a distribution of the TeX/LaTeX typesetting system for Microsoft Windows, MiKTeX has been used [7]. For tabular
overview of the Unit responses, the LaTeX package “longtable” is used. The “longtable” package defines a new
environment, “longtable”, which has most of the features of the “tabular” environment, but produces tables, which may
be broken by TEX’s standard page-breaking algorithm [8].
In order to ensure the proper handling of special Czech language accents, the UTF-8 character encoding was enforced
during the whole chain of processing of the data.
In order to make usage of the script easier, the windows bat file is used. This file contains full path to the appropriate
Python language interpreter followed by full path to the main script file.

SUMMARY
The script for generation of the report on Unit responses successfully serves more than two years already, with only
minor changes. The script also illustrates the possibility of generation of reports based on spatial analysis. It automatizes
the whole chain of report creation, starting from selecting data from the database, through their processing, up to the
creation of the final report in the form of a pdf document.
We also successfully tested the creation of maps, depicting the spatial distribution of the responses in the Unit’s
operational area, and their inclusion into the report. This feature of the program is not being used at the present time,
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because the tabular data are sufficient for the support of the Fire and Rescue Service of the Czech Republic strategic
decision processes.
There are also plans for improvements of the featured script. The challenge is the necessity to rewrite the program into
Python 3.X, which is distributed with ArcGIS for Desktop successor - ArcGIS Pro, because of the end of support of the
Python 2.X and ArcGIS for Desktop in the future [10, 11]. Another improvement, which should be realized, is a
creation of graphical user interface, which both prevents the entering of invalid inputs and makes the handling of the
program easier.

REFERENCES
1.

Generální ředitelství Hasičského záchranného sboru ČR. (2018). Hasičský útvar ochrany Pražského hradu - Hasičský
záchranný sbor České republiky. [online] Available at: http://www.hzscr.cz/hasicsky-utvar-ochrany-prazskeho-hradu.aspx
[Accessed 27 April 2018].

2.

Environmental Systems Research Institute, Inc. (2017). What is ArcPy? [online]
http://desktop.arcgis.com/en/arcmap/latest/analyze/arcpy/what-is-arcpy-.htm [Accessed 27 April 2018].

Available

at:

3.

Environmental Systems Research Institute, Inc.
http://desktop.arcgis.com/en/ [Accessed 27 April 2018].

4.

Oracle
Corporation.
(2018).
Database
|
Cloud
Database
|
https://www.oracle.com/database/index.html#close [Accessed 27 April 2018].

5.

Oracle Corporation. (2018). cx_Oracle - Python Interface for Oracle Database. [online]
https://oracle.github.io/python-cx_Oracle/ [Accessed 27 April 2018].

6.

Environmental Systems Research Institute, Inc. (2018). What is a file geodatabase? [online] Available at:
http://desktop.arcgis.com/en/arcmap/10.3/manage-data/administer-file-gdbs/file-geodatabases.htm
[Accessed 27 April 2018].

7.

Schenk, Christian. (2018). MiKTeX. [online] Available at: https://miktex.org/ [Accessed 27 April 2018].

8.

Carlisle,
David.
(1998).
The
longtable
package
http://www.ctex.org/documents/packages/table/longtable.pdf
[Accessed 27 April 2018].

CteX.

[online]

Available

at:

9.

Josh.
(2010).
Creating
a
BAT
file
for
python
script.
https://stackoverflow.com/questions/4571244/creating-a-bat-file-for-python-script
[Accessed 30 April 2018].

[online]

Available

at:

(2018).

ArcGIS

–

Desktop.

[online]

Available

at:

Oracle.

[online]

Available

at:

Available at:

10. Schenk, Christian. (2018). Python 2 nás opouští, za dva roky skončí podpora, distribuce už ho odsouvají. [online]
Available at: https://www.root.cz/clanky/python-2-nas-opousti-za-dva-roky-skonci-podpora-distribuce-uz-ho-odsouvaji/
[Accessed 27 April 2018].
11. Root.cz. (2018). ArcGIS Pro. [online] Available at: https://pro.arcgis.com/en/pro-app/ [Accessed 27 April 2018].

930

Proceedings, 7th International Conference on Cartography and GIS, 18-23 June 2018, Sozopol, Bulgaria
ISSN: 1314-0604, Eds: Bandrova T., Konečný M.

BIOGRAPHY
Capt. Pavel Špulák
I was born in Prague on 7th July 1973. In 1991, I have finished Chemical Industrial
College and in 1997, I have finished The Institute of Chemical Technology, Prague and
obtained a degree of chemical engineer. After that, I worked in various research
institutions and universities. Since 2005, I became a member of the Fire and Rescue
Service of the Czech Republic and I am working at the General Directorate. At present
time, I am a member of Department of Information and Communication Technologies.
My work is focused on various ICT, GIS and programming issues. My favorite
programming technologies are Python (both 2.X and 3.X), ArcPy, Oracle, PostgreSQL,
Java, ArcGIS API for Java, JavaScript, CSS3, HTML, jQuery, Dojo and ArcGIS API
for JavaScript.
Col. Jan Brothánek
I was born in Ostrava on 12th April 1983. I have finished the College of Civil
Engineering in 2002 and in 2008, I have finished the Technical University of Ostrava
and obtained a degree of engineer. My studies there were specialized on GIS. After
finishing the University, I worked as implementation specialist in software
development center of the PPF group. Since 2010, I am a member of the Fire and
Rescue Service of the Czech Republic and I am working at the General Directorate as a
GIS specialist. Now I am deal with coordination of GIS issues in the scope of Czech
Fire and Rescue service and project management.

931

Proceedings, 7th International Conference on Cartography and GIS, 18-23 June 2018, Sozopol, Bulgaria
ISSN: 1314-0604, Eds: Bandrova T., Konečný M.

THE ROLE OF HUE AND REALISM IN VIRTUAL REALITY
Zdeněk Stachoň, Petr Kubíček, Filip Málek, Martin Krejčí, and Lukáš Herman
Zdeněk Stachoň, Ph.D. (zstachon@geogr.muni.cz)
Petr Kubíček, Assoc. Prof., Dr., Ph.D. (kubicek@geogr.muni.cz)
Filip Málek, M.Sc. (408533@mail.muni.cz)
Martin Krejčí, M.Sc. (405318@mail.muni.cz)
Lukáš Herman, Dr. (herman.lu@mail.muni.cz)
Masaryk University, Faculty of Science, Department of Geography, Laboratory on Geoinformatics
and Cartography, Kotlarska 2, 61137 Brno, Czech Republic
phone: +420 549 491 490, fax: +420 549 491 487
Abstract
The use of Virtual Reality (VR) in general and virtual geographic environments (VGEs) in particular is becoming more
and more common. However, the use and usability of traditional graphical variables within such environments is still
rather unclear. Our research is based on a review of studies about the three-dimensional spatial visualization. We
performed two empirical studies focusing on the role of colour hue and the level of realism within the VR environment
on the task (wayfinding) performance of users. In the first pilot study we compare their wayfinding ability using colour
hue markers (decision points) versus grey markers in the test virtual environment. In the second pilot study we compare
their wayfinding within two environments with different levels of realism, realistic and symbolized, including points of
interest (PoI) used for navigation. Our results showed that colour hue highly influences the participants’ selection of
points of interest and the level of realism affects their orientation ability, especially the number of PoIs they used. In
general, participants perform wayfinding more effectively in the more realistic environment.
Keywords: color hue, level of realism, navigation, virtual geographic environment, virtual reality, wayfinding

INTRODUCTION
The main benefit of geoinformatics is undoubtedly to make life easier for people, to help them make better decisions in
common life situations, and to bring some added value using spatial information (Řezník, 2013). Some of the latest
technologies that could be used in real life are virtual geographic environments (VGEs) in combination with virtual
reality - VR (Lin et al., 2015).
The factors influencing the usability of virtual 3D environments have been analysed from different viewpoints. Šašinka
(2012) introduced a triarchic model identifying three different groups of key factors: spatial visualization (stimuli), user
individual differences (spatial abilities, age, gender), and context (tasks to be solved, scenario). He emphasized the
importance and interaction of all three of the above-mentioned categories when working with a traditional, twodimensional representation. Recently, Lokka and Çöltekin (2016) presented an analytical study focused on navigation
with virtual 3D geovisualizations and proposed similar categories (tasks, stimuli, and participants) as crucial inputs for
testing the memorability of geovisualizations. They extended the original list of factors to include 3D geovisualization
issues (e.g., level of realism, pseudo 3D versus stereoscopic 3D, interactivity of the visualization), and stressed the
necessity of conducting further empirical studies.
The basic component of each visualization is color. There are many studies that explore the importance and impact of
color in cartography. However, there are not many studies that use color for user orientation in a 3D environment. In
their work, Raubal and Winter (2002) mention the role of color in orientation in space. The use of color as an element
for signaling the correct walkthrough of a level is also mentioned by Shepherd and Bleasdale-Shepherd (2014), who
combined GIS (Geographic Information System) and video games. Read (2003) notes that color can be used as a visual
stimulus that focuses the individual's attention on a specific location.
The importance of color hue in orientation is also explored by other authors (e.g. Dalke, et al., 2005, Spence, et al.,
2006, Osman and Wiedenbauer, 2004). An interesting concept is in the work of Helvacıoğlu (2007), which was the
main inspiration for the first pilot study in this article. This study compared children’s perception of color hue markers
versus grey markers. Their results confirmed that the color hue markers are useful in decision-making and thus in
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wayfinding. Ranjbar et al. (2016) investigated the effect of color in a virtual environment, but the study did not find a
connection between color use and finding the specified path, but the results were influenced by a specific VR
environment (department store). Hidayetoglu et al. (2012) used a virtual environment instead of a real one for exploring
a path using color. They confirmed that color improves the ability of people to find the right path.
A second important component of each VGE is its level of realism. We can distinguish between different types of
realism. With varying levels of realism, we can see how people's behavior changes in a VGE compared with the real
world (Chalmers and Ferko, 2010). User behavior across various levels of realism has been explored in many scientific
research projects (e.g. Jahnke, Krisp and Meng, 2009; Zanola, Fabrikant and Çöltekin, 2009; Smallman and Cook,
2011; Wilkening and Fabrikant, 2011; Lokka and Çöltekin, 2017). However, none of these studies used interactive,
stereoscopic visualizations as stimuli. Stereoscopic visualization was used by Zanola, Fabrikant and Çöltekin (2000),
but the stimuli were only static views of selected geographic features.
In the real world, people use different landmarks to navigate. However, we are not sure if this pattern persists in virtual
environments. Lokka and Çöltekin (2017) compared realistic, abstract, and mixed visualizations in a VGE. All
environments were based on a 3D model of fictitious city. The mixed environment had photo-textures only on selected
buildings. Their participants preferred this mixed visualization VGE. Höffler’s (2010) review argued that spatial ability
plays an important role in learning from visualization, but he did not demonstrate that visualizations with a lower degree
of realism are always more appropriate than visualizations with a higher degree of realism. A slightly different view of
realism is given by Borkin et al. (2013). The authors come to the conclusion that visualization is always less memorable
than the real world. They argue that the best solution is try to make the most accurate visualization accompanied by
pictograms and other elements. However, they also assume that these added elements are attractive to people.
This paper describes two exploratory studies, one of which focuses on the role of color hue and the other on the role of
realism in navigation tasks. Both studies were done in a VR constructed using the Unity graphic engine. The first pilot
study used a HTC VIVE headset and the second used Oculus Rift. VR allows us to work with stereoscopic
visualization, and because it offers a high degree of immersion, it produces a visualization closer to reality than many
other visualization methods. VR created in the Unity engine allows us to change the appearance of individual objects,
but due to relatively small number of studies that deal with this topic, we do not know exactly how these changes affect
user behavior. A VR environment created with Unity also allows us to record the movement of the user in the virtual
environment.

COLOR HUE WITHIN VIRTUAL REALITY
In the first pilot study (PS1), we focus on how the color designation of objects affects participants’ wayfindg judgments.
Specifically, we tested whether it is preferable to mark the route using color hue markers or gray markers.

Research question
The main goal of the research is to verify whether designating objects using color hue can significantly influence
wayfinding behaviors. The work is focused only on finding the right path, which is marked with a certain color hue
sequence. In this pilot study we also deal with the accuracy of participants’ choices and the speed of their walkthrough.
Because our study is based on the work of Helvacıoğlu (2007), the research questions were very similar. We focus on
three aspects of wayfinding that are most crucial for this activity, including:
●
●
●

the correctness of the walkthrough,
the amount of time spent,
the ability to properly reconstruct the walkthrough on the map.

We were interested in whether the color hue visualization would lead to a shorter walkthrough time, and to a smaller
number of stops to look around. In the second part of the experiment, the participants completed a questionnaire survey
that included giving a verbal description of the entire route. Using this procedure, we aimed to find out where the
elements were oriented in the environment. We want to find out in both conditions whether participants used the color
boxes as landmarks or preferred other points of interest (PoIs) such as important buildings, etc.

Research methods
Experiment materials
This pilot study used a 3D visualization of a small town that included many thematic symbols. The visualization
included colored navigation markers and was modified so that the research route had six points where the participant
had to turn, similar to what was done in Helvacıoğlu’s (2007) experiment. At each of these six turnoffs, the navigation
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box indicated the direction of the route (Figure 1). There was also at least one landmark that was different from other
buildings at each decision point. Specifically, these landmarks were two trees, a church, a well, a cross, and a mill.
In addition, we created two different environmental conditions. These differed from each other by the color of the
navigation markers. In the first environment, all of the markers were the same grey color. In the second environment,
the markers were colored in different hues: yellow, orange, red, purple, blue and green. In the first part of the research,
both environments included a guideline. The guideline makes it possible for an experiment participant to follow the
route by themselves. The second part of the experiment removed the guideline and thus the participant had to depend on
his or her own navigational abilities. We modified the buildings in the town such that the participant could see only two
markers at the same time.

Figure 1. The individual routes with markers (A – starting point, B – finish point).

Experimental Procedure
The participants were first tested on their ability to distinguish colors, then they were introduced to the environment. In
the third phase, the first part of task, which used the white guideline indicating the specified path was displayed, and
then the participants were asked to follow the same path without the white guideline. The study used a between-subjects
design. That is, each participant saw only one of the environmental conditions, either color hue or gray. Finally,
participants completed a questionnaire survey (Figure 2).
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Figure 2. The design of PS1.
Experiment Participants
PS1 involved ten people, five in each environmental condition (gray, colored). The participants’ age range was between
21-31 years (M/F, 4/6), and all were non-geographers with minimal experience with VR. All participants passed the
color vision impairment test without any problems.

Results - PS1
We observed differences between the accuracy and also the walk-through times in both groups (Table 1). The most
observable difference is in their success in completing the task. All participants successfully followed the path with
colored navigation markers, but only 2 participants out of 5 made no mistake when using the grey navigation markers.
However, all participants reached the finish point. The total walk-through times and number of stops do not show any
noticeable differences.
Table 1. Results of PS1.

ID

Environment
(C - color,
G – grey)

P1

C

P4

Successful task
solving

Time (s)

Number
of stops

yes

147

3

C

yes

139

0

P6

C

yes

133

0

P7

C

yes

137

0

P9

C

yes

132

1

P2

G

yes

133

0

P3

G

no

160

5

P5

G

yes

142

0

P8

G

yes

140

0

P10

G

no

129

3

All participants correctly described the route in the color navigation marker condition. The same two participants who
made mistakes during walk-through, also described the route incorrectly in the grey marker condition. More interesting
results can be seen when we focus on whether the participant used the marker for orientation, as the existence of these
markers was neither explained nor emphasized in our instructions to them. In the color marker condition, the
participants used the markers much more frequently than in the grey marker condition. Three people even used the
markers for majority of the route. In contrast, only one participant used the grey markers in this way. The effect of the
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color hue is noticeable in this case. Significantly, color hue helped participants to register the presence of navigation
markers and then use them for navigation. In the grey marker condition, participants more frequently mentioned
buildings than the navigation markers in their description of their routes.
For the color marker condition, we also asked which color hue helped participants in their orientation within the
environment. Most of the participants did not remember a specific hue that would help them. Instead, they talked about
the "color contrast". They simply knew that each box had a different color and they were not interested in a particular
hue. Only one participant could recall all of the colors. From this result, it is clear that none of the colors made it into
the minds of the participants, they rather they focused on their contrast with the rest of the environment.

LEVEL OF REALISM WITHIN VIRTUAL REALITY
In the second pilot study (PS2), we focused on how the level of realism affect the users. The experimental condition, in
this case, is the level of realism of in the virtual environment. The task is the same for each of the tested environments.

Research question
The main goal of this pilot study was to find out if and how the level of realism affects the participant in fulfilling the
given wayfinding task. This task consists of memorizing and then correctly following the specified route in the VR
environment. In the real world, there are many things that people use for orientatation such as, for example, the different
elements of buildings, various important elements that are located in public places, etc. Therefore, we can hypothesise
participants will better orientate themselves in a realistic environment, leading to better peformance on the task. So the
research question were:
●
●

Will participants achieve better results in realistic environments?
Will they find a faster route and make fewer mistakes than participants in an abstract, symbolized
environment?

Research methods
Experiment materials
For this pilot study, we created two 3D models of the same territory, namely, a small town with two portrayals, one
realistic and the other symbolized (Figure 3). To preserve the real environment, the town is modeled according to the
real town but a city was chosen that no participants would know. In addition to common town houses, several
landmarks - church, cross, windmill, lookout tower, well, bus stops, rocks, trees, square, river, and other terrain
elements - were placed in this town.

Figure 3. Comparison of designed environments (A - realistic, B - symbolized)
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Experiment participants
PS2 involved 14 people who were evenly distributed across both experimental conditions (realistic, symbolized).
Participants ranged in age from 20-35 years (M/F, 8/6), and were mostly students of geography. A few students from
non-geographic fields were also tested for comparison, however no effect of disciplinary knowledge was detected. We
used a between-subjects design. Participants were divided into two groups where the first group performed the task in
the realistic environment while the other group performed a task in the symbolized environment. Each group had the
same proportion of geography students and students studying other subjects.
Experiment Procedure
The participants first completed the Perspective Taking Test (PTT) and the Spatial Imagery Test. Subsequently, they
were introduced to the VR environment when they put on the headset and tried to walk through the test environment.
There, the controls and movement were explained and after each participant was ready, the task was begun. The
experimental scheme can be seen in Figure 4.

Figure 4. The experimental design of PS2.
The task was the wayfinding, namely finding the specified route in the VR environment. In this role, the participant
fulfills the role of a tourist who is visiting the town and is interested in looking at the most interesting places. Before a
participant started the route, they viewed a 2D map showing the walkthrough path. The participant had to remember this
route and then proceed to the VR environment.

Results - PS2
In this task, the participant walked through the memorized path in the virtual environment. We made three
measurements of participant performance:
●
●
●

Task completion: has the participant reached the finish point;
Task mistakes: the participant followed the memorized path, but made errors;
Task correctness: the participant followed the memorized path without making any mistakes.

As shown in Table 2, all participants except one completed the task. More interesting is that all participants followed
the correct route in the realistic environment, while three out of seven participants in the symbolized environment did
not follow the correct route. When we focus on task correctness, we found the realistic environment more effective.
Four participants out of seven accomplished the walkthrough without any mistakes in the realistic environment, while
only two participants out of seven did not make any mistakes in the symbolized environment. If we focus on route
length, standing time, and number of stops, participants who were in the realistic environment condition had a shorter
route length, less standing time, and made fewer stops than those in the symbolized route, but the differences are not
significant and are associated with making mistakes along the route.
Table 2. Results of PS2.

ID

Environment
(R - realistic, S
- symbolized)

P1

R

yes

yes

yes

984

23

7

P3

R

yes

yes

yes

968

3

3

P5

R

yes

yes

yes

979

27

4

Completed
the task

Passed the
specified
route

Without
mistake

Length of
route (m)

Time of
standings
(s)

Number
of stops
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P7

R

yes

yes

yes

974

0

0

P9

R

yes

yes

no

1158

26

7

P11

R

yes

no

no

1111

49

8

P13

R

yes

yes

no

2377

42

15

P2

S

yes

no

no

2652

251

39

P4

S

yes

no

no

1088

16

7

P6

S

yes

yes

no

1012

25

8

P8

S

no

no

no

1159

15

4

P10

S

yes

yes

yes

980

3

3

P12

S

yes

yes

no

1355

3

2

P14

S

yes

yes

yes

962

2

1

Succ
ess
rate

R

100%

85,70%

57,10%

1222

24,3

6,3

S

85,70%

57,10%

28,60%

1315

45

9,1

GENERAL DISCUSSION AND FUTURE DEVELOPMENT
Since the first pilot study was methodologically inspired by Helvacioğlu (2007), the results we obtained should be
compared with that study. Regardless of the difference between the experiment environments (real buildings versus
VR), we confirmed that color (color hue) has a significant effect on the success of the walkthrough. We also achieved
similar results related to color memorability, with no distinct difference between colors. Participants remembered all the
colors regardless of the hue. It was also possible to confirm the effect of color on the use of the markers. On the other
hand, it was not possible to confirm that color led to faster times. The reasons may be varied, but probably one of the
most important is the way of walking. A VR that is controlled by the keyboard loses the nuance of movement, while in
reality, it is possible to slow or accelerate according to our confidence in the direction we are heading.
When we focus on how the level of realism influences the given task, it is clear that people perform better with a
realistic environment than a symbolized one. The results of the second study show that participants who used the
realistic following the route through. This may be due to the fact that the realistic environment is more obvious to
people, so they are better oriented. The symbolized environment can be more monotonous and because of it, people
more easily become lost there.
There are several limitations of the pilot studies. Probably the most important constraint lies in the low number of
participants. In this small group of people, one single person with an unusually poor or excellent performance can
greatly influence the results as a whole. Therefore, the results presented should be considered preliminary, an
exploratory study that rather points to existing issues.
Similar results have been published by Liao et al. (2016) and Schmidt and Delazari (2013) who compared a 2D map and
3D visualization and came to the conclusion that people are better and faster using realistic 3D visualizations than a 2D
map that is more symbolized. Bandrova (2001) and Bandrova and Bonchev (2013) have also come to the conclusion
that realistic visualizations are preferred and considered to be more natural to people.
Although we can now easily use applications like Google Earth VR, user behaviour with VR environments is still
underexplored. Thus, this paper, as well as other similar studies (e.g. Špriňarová, et al. 2015; Juřík, et al. 2016; Liao, et
al. 2016; or Kubíček, et al. 2017) shows where research should be focused. Cartography, in general, can play a major
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role in creating digital models tailored to the needs of VR. The advantage of our research is the implementation of the
VR, which can be used in later user testing.
The results show that 3D visualization with a high level of immersion can be more beneficial to humans in the future
than the classic 2D visualization we know, for example, from classic maps. However, VR is a technology that is still
hitting the limitations of computer technology as well as other practical problems (cable connection, heavy weight of
headsets, etc.). In addition, motion in VR environments is often controlled using a keyboard and mouse, which is not a
completely intuitive control method (this topic is more discussed by Juřík et al., 2016). While new controls for
movement in VR have been developed, there are still some limitations with space, etc.
It would be interesting extend this study for example by using eyetracking (pilot studies on the interaction of interactive
3D geovisualizations with eye-tracking have already been done - see Herman, Popelka and Hejlová, 2017). Using this
method, we could better find out which POIs and landmarks are more useful in orientation and wayfinding. Eyetracking would also make it easier to recognize how much the participants observe other elements of the environment.
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Abstract
Due to increasing number of incidents occurring during outdoor recreation in Croatia, idea and motivation for
research and development of the model for risk assessment support system for outdoor activities arises. In order to
reduce human and financial losses, more effort has to be made to understand the opportunities and the importance of
using spatial analysis for risk management with an emphasis on the quality of input spatial data as the basis for risk
analysis, assessment and risk mapping. Using combination of environmental, spatial and social data we conducted
simulation on real world data from Croatian National Protection and Rescue Directorate. This paper seeks to improve
the existing approaches to risk assessment, and to develop and define a model for risk assessment and public service for
introduction to incident likelihood and spatial allocation of resources where incidents are likely going to occur
resulting with risk reduction.
Keywords: risk assessment modeling, outdoor recreation, incident likelihood, geospatial analysis, Croatia

1. INTRODUCTION
Relatively neglected area both of real-world significance and of academic study, outdoor recreation issues related with
risk assessment and raising public awareness of threats included are important for overall health and financial safety of
society related with that kind of generally accepted active leisure. This paper strives to define main components
necessary for establishment of risk assessment support system for outdoor recreation due to which we hope to reduce
number of incidents resulting with injury or death by providing information about potentially dangerous locations for
whole of Croatia.

1.1. Key definitions
Outdoor recreation is simply recreation that is typically carried on outdoors requiring space and resources for its
enjoyment with no sharp line between recreation and all other activities – the same activity may be work at some times
and recreation at others (Clawson et al 2013). Outdoor recreation overlaps with tourism in the distinctive characteristics
and behavior associated with each; they both involve travel and interaction with other people, and with the environment
in its widest meaning (Jenkins et al. 2005). The places associated with outdoor recreation have always included forests,
the coast, lakes and rivers, mountains and other spectacular scenery that is nowadays frequently designated as national
park or similarly protected (Bell et al. 2007), although Seeley (1973) points out possibility of few activities like
swimming, that can take place either outdoors or indoors. Outdoor recreation often implies activities such as hiking
(trekking), bicycling, swimming in lakes, streams or ocean, downhill skiing, cross-country skiing, photography, nature
study, orienteering, trail running, rock climbing, fishing, canyoning, geocaching, picnic and many other practiced by
wide population. Participation in all outdoor activities has been increasing when measured by number of participating
people according to Cordell et al. (1999) and Cordell (2004) thus becoming important factor for potential risk which
may be posed to health of certain part of population – in specific, the participants of outdoor recreation.
According to ISO 31000 (2009), risk is the “effect of uncertainty on objectives” and an effect is a positive or negative
deviation from what is expected. In other words, this definition implies the chance of unplanned events despite our plan.
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Our each action contains uncertainty, thus containing element of risk that requires management. Our actions for
accomplishing objective will not always get the results we expected – sometimes resulting with positive results, and
sometimes negative, with possibility of both occurring in the result. That being said, we should reduce uncertainty (or
lack of certainty) to lowest level possible.
Uncertainty, in the context of risk management, represents a state involving lack of information that leads to inadequate
understanding or incomplete knowledge of a likelihood, consequence or event. According to the ISO 31000, the term
risk management refers to the architecture that is used to manage risk, including risk management principles, a risk
management framework, and a risk management process.
Risk assessment, as part of risk management, is a process made up of 3 processes: risk identification, risk analysis, and
risk evaluation. Risk identification is used for finding, recognizing and describing the risks that may affect the
objective. Data for it may be obtained from experts, historical data, theoretical analysis and stakeholder input. Risk
analysis implies process used for understanding the identified risks and estimating level of risk. Risk evaluation defines
a process used for comparison of risk analysis results based on which it will be decided if level of risk is within
acceptable limits.

Figure 1. The risk management process from ISO 31000 (2009)
An injury (damage to body) is often considered as general term which is usually a result of hits, accidents, falls,
weapons and other events that range from non-significant to life-threatening. There is an acknowledged risk of both
severe and frequent injuries associated with sport, active recreation or leisure (e.g. Gabbe et al. 2005; Finch et al. 2007;
Flores et al. 2008).
Nowadays, computer technologies play important role within risk assessment process, enabling people to collect and
store data from different sources, perform fast analysis on large databases and help in risk evaluation. Decision support
systems (DSS) are defined broadly as interactive computer-based systems that help people use computer
communications, data, documents, knowledge and models to solve problems and make decisions (Power et al. 2009).
DSS can also be applied for risk assessment. According to El-Baroudy et al. (2006) the main objective of risk
assessment support system (RASS) is to identify potential hazards, estimate the impacts of each hazard and propose
possible improvements and management actions which will significantly reduce the risk, usually consisting of two main
components: qualitative risk assessment component (QLRA), and quantitative risk assessment component (QNRA).
Although interaction between QLRA and QNRA is possible, often only one approach is used within RASS model.

Figure 2. Interaction between the two main components of the risk assessment support system (El-Baroudy et al. 2006).
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2. RISK ASSESSMENT FOR OUTDOOR RECREATION
As mentioned before, risk assessment is a process of three separate parts; identification, analysis and risk evaluation.
Each process should be defined separately on one hand and enable mutual interaction on the other hand.

2.1. Existing approaches to risk assessment for outdoor recreation
Historical approaches to risk management in organized outdoor activities have centered on the adoption of guidelines or
on aspects such as (Hogan, 2002);
•

minimum experience or qualifications of leaders,

•

minimum and/or maximum number of persons in a group,

•

maximum number of participants per leader,

•

prior experience required of participants,

•

minimum equipment standards, and

•

intra-organizational approval processes.

In some cases, an assessment of risk may have already been carried out at an organizational policy level to meet certain
aspects of their operation complied with industry standards, government policy or insurance requirements (Parkin et al.
1998). For example, in Queensland, Education Queensland has assessed rock-climbing at level 3 or “high risk” and
canoeing on grade II water at level 4 (very high risk) in their Workplace, Health and Safety Guidelines document
(QDOEM, 1996). Regardless of approach, all named authors strive to the same goal – find and recognize potential risk
of outdoor recreation while trying to understand its nature and estimate risk level to determine is risk within acceptable
limit not entering devastation and disaster state. Modern RASS should have exactly the same goal with possibility of
dynamic adaptation based on stakeholders input data enabling constant improvement.

2.2. Risk identification
Understanding the role of the exposure to natural factors in the occurrence of incidents combined with the presence of
dynamic effects is a complex problem. The occurrence of incidents in outdoor recreation is known to be related with a
number of different factors, including exposure to objective (natural process and events in nature which itself, or in
combination with other factors may pose a threat for people) or subjective threats, caused by human behavior and
mistakes due to lack of knowledge, experience, skill or bad miscalculation (Petković et al. 2013). According to New
Zealand Mountain Safety Council Risk Analysis and Management System (RAMS), dangers in outdoor activities can
arise from three sources; environmental, human and equipment factors (Haddock, 1993). For purposes of Croatian
RASS for outdoor activities equipment malfunctions will not be taken into account due to premise that it is high quality
equipment (clothing, footwear, climbing ropes, helmets, harnesses etc.) with low or no possibility of failure and only
objective (environmental) and subjective (human) threats will be used for risk identification. Stochastic nature of
incident occurrence, both exposure to objective threats and participant´s background related, is contributing to the
complexity of outdoor recreation risk understanding so this should be taken into consideration as a factor which might
alter the results given by RASS.

2.2.1. Objective threats
When thinking about risks for outdoor recreation it is necessary to conduct an identification process to determine all
potential risks associated with specific activity or area in which incident occurred. Possible sources of such information
can be retrieved from relevant articles or reports, visitors in specific area, nearby employers, local inhabitants, or
participants of incidents. Hogan (2002) mentions that objective threats originate from the surroundings; weather, terrain,
availability of shelter and remoteness while Smerke (1989) continues by listing threats for outdoor recreation from dark,
ultraviolet rays (sunburns, snow blindness etc.) and animal attacks among others.
Through RASS input option users should be able to report not only location of injuries but also risk associated with it;
for ex. head injury due to fallen rock from cliff. In that way we could gather and store information about risk sources
and consequences caused by objective threats. From scenario in example we could conclude that there is potential risk
of injury close to cliffs due to falling rocks. If this occurs on several occasions in different locations with cliffs we could
conclude that there is risk of injury close to cliffs and with analysis of terrain RASS needs to detect such areas using
DEM and provide information about risk. With time, as we get more information about injury locations related with
cliffs, fine modeling should be possible. Off course, for this example, DEM quality is directly influencing on results so
that is something we should bear on mind.
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2.2.2. Subjective threats
Many authors describes predictable patterns in participants motives within outdoor activity (Donnelly et al. 1986), how
people believe that they have control over the outcome of events (Knopf, 1983) and social group structure (Heywood,
1987) with goal of achieving better understanding of subjective threats in outdoor recreation. Hogan (2002) mentions
that subjective threats originate from people´s attributes, such as skills, knowledge, experience, health and fitness, age,
fears, etc. When looking at just running, Blair et al. (1987) discuss stretching habits, age, time and place of running,
weight relative to squared height (BMI), average speed of running and average distance run per week as factors which
might possibly be related to sustaining running injuries but only BMI and average distance run were found to be related
to an elevated risk of being injured. We need to bear on mind that defining strong relation between participant´s profile
and risks is not an easy task. Profile of outdoor recreation participants inevitably influences on the risk leading to
conclusion that person´s attributes should be recorded so we could define and monitor pattern of subjective threats
within RASS leading not only to better understanding of threats but also as tool used for prediction of participants
motives.

2.3. Risk analysis
After identifying potential threats, next step is to approach to risk analysis. As said before, risk analysis by ISO 31000 is
developing an understanding for each risk – namely likelihood of the consequences and consequences itself. Analysis
can be qualitative, semi quantitative, quantitative, or a combination of these, depending on the circumstances (Purdy,
2010). ISO 31000 does not prefer qualitative over quantitative risk analysis and vice-versa, as both represent significant
role in better risk understanding. For outdoor recreation qualitative risk analysis is most commonly used, especially in
UK and Australia (e.g. Camp Coolamatong 2007; Girl guides 2012; Barton Camp 2018) mainly describing likelihood of
an accident happening with likelihood rating ranging from rare to almost certain. Quantitative risk analysis on the other
hand, is rarely applied for outdoor activities. Reason for that might be lack of research in this field due to high costs and
lack of reliable data, complexity of the issue, as well as the fact that most of involved stakeholders are orientated
towards personal interests (of company or person), without involvement of National administrative body or insurance
company which could require numerical likelihood of events.

2.3.1. Quantitative risk analysis (QNRA)
QNRA produces numerical outputs presenting likelihood of events presented with probability level. QNRA can be used
on situations involving quantifiable measures. QNRA models should be made by experienced stakeholder of RASS
with deep understanding and knowledge of risks and factors involved with it so we could retain reliable and realistic
results.
Uitenbroek (1995) in his paper discussed about the mathematical relationship between the number of events in which
people are injured and the number of injured people using Poisson distribution to express the relation. The number of
injury causing events in a population will be larger than the number of injured people as same person can be injured on
more than one occasion. The expected average number of events per head of the population (μ) is related to the chance
of not sustaining an injury (p0) according to the following formula (1).

μ = -ln(p0) and p0 = exp(-μ) (1)
In this paper, mathematical relationship between the number of people injured and the number of times people sustained
injuries was not subject of research.

2.3.2. Qualitative risk analysis (QLRA)
Though numerical data are preferred in risk management, QLRA often provides support used for detailed investigation
of QNRA and can also provide information needed for risk management providing satisfying results. QLRA is usually
preformed due to ease of implementation, simple structure and is easily recognizable by policy makers and
stakeholders. Often it is also impossible to define likelihood of events due to complex factors and influences of risks in
which QLRA is the only possible way to present risk exposure.
Within QLRA, impact/probability matrix is usually used to represent the severity of a risk based on a presumption that
combination of consequence and likelihood defines magnitude of risk severity;

Risk Exposure = Probability x Impact (2)
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2.3.3. Semi-quantitative risk analysis (SQRA)
SQRA extends quantitative concept of risk analysis to apply numerical thresholds to the matrix cell edges resulting with
finer delineation between risk exposures. In other words, position of risk within each matrix cell can be adjusted and
moved either higher or lower in the cell, while qualitative matrix places risk in the mid-point of each cell.

2.4. Risk evaluation
Risk evaluation is responsible task since based on it risk treatment will be decided (if necessary) with intention of risk
reduction. On the other hand, some risk will be declared as acceptable and no action will be taken on the terrain. It is
obvious that this should be done by educated and professional personality of RASS stakeholders. Several Croatian
authors (e.g. Martinić et al., 2008; Bulat, 2015; Martinić et al., 2015) have already been publishing scientific papers
related with that subject with focus on risk evaluation within protected area. Protected areas today account for 8,54% or
7.528,03 km2 of the total area of the Republic of Croatia, i.e. 12,22% of the land territory and 1,94% of the territorial
sea (Hrvatska agencija za okoliš i prirodu, 2018) and are often well attended, especially in summer tourist season.
During last years, number of visitors in protected areas in Croatia has been growing, as well as the offer of outdoor
recreation within them making it logical choice for making emphasis on them as one of main stakeholders which should
be involved into risk evaluation as part of RASS.
19% of search and rescue incidents reported to Croatian National Protection and Rescue Directorate from 2010-2017
took place in protected area (National or Nature Park).

3. RISK ASSESSMENT SUPORT SYSTEM FOR OUTDOOR RECREATION IN CROATIA
Establishing RASS for outdoor recreation in Croatia among other requires active participation of national stakeholders
as well as active citizens which should not only be educated about it through public interface but to also participate in it
as one of main stakeholders.

3.1. Possible stakeholders for data sourcing
Input data should cover as much as possible known threats for users of outdoor activities – among other;
•

Croatian Mountain Rescue Service and National Protection and Rescue Directorate should have the most
significant role since they as recognized legal entities have both knowledge and infrastructure to carry out
RASS on national level. Both stakeholders should be involved into all parts of risk assessment.

•

Croatian Meteorological and Hydrological Service could provide weather information as one of most dynamic
factor (both historical, current and forecast). This data could ensure that risk factor changes dynamically based
on weather conditions thus providing more reliable information for participants.

•

State Geodetic Administration could provide relief data and maps for terrain analysis. Using this data it is
possible to detect dangerous areas such as sheer cliff edges, rivers, dangerous drops, very steep climbs etc.

•

Croatian Mine Action Centre needs to be included by providing locations of mine fields.

•

Citizens should be informed about RASS and they should strive to be engaged through incident report and help
in collecting data related with it.

3.2. Specification of structure and content of RASS for outdoor recreation
Suggestion for gathering information needed for risk identification is to collect as much as possible data about
surroundings that might be relevant for further use in risk analysis. Quality of spatial data is of great significance hence
special care should be taken for its analysis. Preferably official National data should be used for risk identification
ensuring control and supervision over input data which will directly have influence on risk analysis.
It is also necessary to get feedback about incidents from public (validation of data quality needs to be monitored by
national RASS stakeholders to avoid misleading conclusions). Locations of incidents should be recorded in ideal case
by reliable measuring instrument – use of GNSS devices will most probably do the job due to its wide recognition and
ease of use. In any case, description of incident and location should be included into data for further analysis of risk
likelihood and impact on outdoor activity users. Here it is crucial to educate users how to recognize potential threats
which should be specified in the description.
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Risk analysis is a complex procedure and it should be made by integrated approach of expert personality from different
scientific fields. Modeling of RASS is done by altering variables used for risk analysis. Population behavior analysis,
incident scenario and finding correlation with surroundings are just some of the parts which national RASS stakeholders
should implement for successful risk analysis.

Figure 3. Structure of RASS for outdoor recreation
Based on risk analysis results, risk evaluation will be done and actions (if necessary) will be taken to reduce risk.
Among others, risk can be avoided, mitigated, transferred or accepted. Also, national RASS stakeholders should
monitor the risk on regular basic providing information about risk towards public via public interface. Simulation of
described procedure is described below.

3.3. Simulation on real-world data
For testing purposes we have selected Croatian National Park Paklenica. 95 km2 was proclaimed as National Park in
1949 due to extraordinary geomorphologic structures and unique natural features. Park is well attended by outdoor
activity enthusiasts – especially climbers and hikers due to high mountain peaks (up to 1752 m) and dense network of
provided hiking trails so it seems like interesting area for testing RASS for outdoor recreation.
First step implies risk identification. For this purpose we have retrieved data from Državna uprava za zaštitu i
spašavanje (Croatian National Protection and Rescue Directorate) – DUZS, in total 1270 reported incidents in Croatia
from 2010-2017 with stress that data for 2017 contains incidents reported till November 2017. When analyzing spatial
data of incidents we can detect 10 most common types of risks in Croatia – Figure 4.

Figure 4. Most common reported risks to Croatian National Protection and Rescue Directorate
After identification of risk in test area from incident reports, bearing on mind that objective threats originate from
surroundings, we have combined several sources such as hiking trail register, land cover and digital surface model to
closely provide insight into ambient which might pose a threat for outdoor activity users and result with an injury.
Modeling of risk was made containing information about incidents that happened till given moment. For instance, first
model was made with incident data from 2010 and its quality was checked with incident data for next year and all
previous years. Results were than analyzed, and if necessary improvements of RASS were made. Steps would repeat for
next year´s data. In this iteration process idea is that each year model improves by gaining more data and information
about incidents that should (at least in theory) provide better results. For our simulation, first year included risk mainly
of falling from cliff. All cliffs in test area were extracted from national topographic map and hypothesis that cliffs and
their surrounding represent risk were given. Described 2010 model was than tested with incident data from 2010-2011.
Shortcomings of model were obvious as more different outdoor activities were included (namely hiking and cycling).
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Figure 5. Used sources for model of surroundings and map of National Park Paklenica
We have than improved 2010 model with new hypothesizes based on new information gathered from incident reports.
New RASS model – 2011 which was further tested and developed with new data was developed annually till 2013. We
have noticed that since we had relatively small number of incidents, new input data was changing model fast. We
decided to make 2 year gap to gain more data for modeling. For 2015 we had 58 incidents which originate from
different outdoor activities and have different surrounding. From this data we have concluded that visitors are more
likely to become injured or sick in steeper terrain, tend to spend more time in close vicinity to trails and especially close
to entry into National Park (up to 4 km into park) influencing on likelihood of incident. Also correlation of incidents
with landcover was noticed. All of this lead to improvements of RASS model resulting with solution presented on
following figure (only southern part where most of incidents occurred is presented).

Figure 6. Final RASS model for National Park Paklenica
With this approach, we have managed to predict locations of incidents with more than 92% incident likelihood in
defined area as well as to improve detection of high risk areas. Lowest prediction was from 2010 model when we
managed to correctly predict 87% of incidents in 2011 what is logical due to lowest number of incidents.
We would like to mention that risk from dark, snake attack and fall into holes/caves was not considered due to lack of
data for modeling and complexity of risk. It is important to stress again that this part should be done by experienced
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person and that results in this paper are only made for purpose of testing possibility of RASS use for outdoor recreation
in Croatia and that by no means we take any responsibility for use of presented results.
Used variables and descriptions are presented in table below.
Table 1. Final Qualitative risk analysis for RASS model 2015
Variable

Description

Hypothesis

Impact

Likelihood

Risk

Hiking trails

Euclidean distance (m)
to hiking trails.

Visitors spend more
time on or near
hiking
trails (150m buffer).

Minor (2)

Rare (2)

Low (4)

Cliffs inside
trail buffer
zone (150 m)

High risk of injuries
from fall on cliffs
located within distance
of 150 m from trails.

Visitors are probably
going to visit cliffs
closer to trails.

Catastrophic (5)

Probable (5)

High (25)

Cliffs outside
trail buffer
zone

Medium risk of injuries
from fall on cliffs
located
outside
distance of 150 m from
trails.

Visitors are probably
going to visit cliffs
closer to trails.

Catastrophic (5)

Rare (2)

Medium
(10)

Zone around
cliffs inside
150 m trail
buffer zone

If zones around cliffs
are inside 150m buffer
from trail - higher
likelihood of incident.

Zones around cliffs
can be potentially
dangerous – falling
rocks.

Significant (4)

Rare (2)

Medium (8)

Zone around
cliffs outside
150 m trail
buffer zone

If zones around cliffs
are
outside
150m
buffer from trail lower likelihood of
incident.

Zones around cliffs
can be potentially
dangerous – falling
rocks.

Significant (4)

Negligible (1)

Low (4)

Slope

Slope angle (degrees)
of terrain, derived from
25-m digital elevation
model (DEM)

Visitors are more
likely to become
injured or sick in
steeper terrain

if <20° than -1
if >45° than +1

if >45° +1

Remoteness
from entry
points

4km zones around
entrances to National
park

Visitors are probably
going to visit area
around entrance

Keep the same

if risk is within
4km from entry
point add 1

Natural
grasslands or
transitional
woodlandshrub

Incidents in tested area
are occurring mainly
on 2 types of landcover

Visitors are more
likely to get injured
on specific type of
landcover

Keep the same

+1

4. DISCUSSION AND CONCLUSIONS
Essence of the modeling of risk assessment support system for outdoor recreation in Croatia presented in this paper lies
on involvement of wide population, nature enthusiasts and outdoor recreation participants making it unique in whole
World due to the fact that it also encourages all necessary and interested stakeholders on vertical and horizontal level of
National services. Core idea behind it is in collectively built and publicly accessible Web service that is able to
dynamically cope with new inputs and information about risks which may be encountered during outdoor activity,
process this data and present to end-users information about possible risk level on one hand, and on the other hand to
provide National stakeholders hazardous location for which risk treatment will be decided – hopefully resulting with
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risk reduction. With years of collecting and analyzing data and results, RASS will constantly be improving, resulting
with reliable tool for risk assessment with long term reduction of number of incidents, increasing public health, safety
and decreasing costs of medical treatments, provided rescue services and insurance requirements.
Although we have decided to conduct test in small area, given results are promising and prove that with described
approach of risk analysis we can produce reliable model of risk.
Probably the best first step for establishing RASS for Croatia is to involve National and Nature Parks where most of
visitors engage into outdoor activities and where 1/5 of all reported incidents in Croatia occur. With raising awareness
of risk we will reduce incident occurrence and establish foundations for safe development of outdoor activities what for
a tourist destination like Croatia should definitely be of great importance.
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Abstract
Geo-spatial information technology can provide data resources, positioning benchmarks, basic framework and key
technologies for disaster prevention and reduction. At present, there are some problems in China’s disaster reduction
services. Too much emphasis is placed on decision-making and not on early warning. In addition, the technology,
system and application integration of disaster reduction services is not enough. There is still a lack of a unified
understanding and a holistic top-level design guidance framework of disaster reduction services. In order to solve the
technical problems of integrated perception, location, integration and comprehensive scene simulation of emergency
information such as disaster events, various disaster-bearing bodies and the disaster-pregnant environment, and
knowledgeable disaster reduction services, this paper returns to the nature of disaster reduction services, outlines the
background of the concept of top integrated design of the integrated disaster reduction intelligent services, puts forward
and explains the concept, connotation and characteristics of the integrated disaster reduction intelligent services from
the perspective of surveying, mapping and geoinformation. Besides, an integrated disaster mitigation intelligence
services architecture is designed with the consideration of the demand for disaster prevention and reduction services.
This enterprise architecture is composed of the perception layer, the network layer, the technology layer, the system
layer and the application layer. Finally, the paper mainly elaborates comprehensive disaster reduction technology
system, including high-precision indoor and outdoor seamless positioning, accurate integration of spatial information,
emergency scenarios integrated simulation and intelligent information services as the core technology in complex
disaster environment, and formed the intelligence, totalization, integration and accurate thinking of disaster reduction
services technology. The proposed top-level design for the integrated disaster reduction intelligent services can solve
the integrated perception, positioning, integration and simulation of the scene, and intellectualized disaster reduction
services and other technical problems.
Keywords: Disaster Reduction; Intelligent Services; Top-level Design; GIS.

INTRODUCTION:
China is one of the countries which seriously affected by natural disasters in the world. According to the statistics of the
past 5-20 years，there are 3573.5 people died in the earthquake in China, and the average annual economic losses were
29.587 billion yuan in every year. The annual average number of deaths caused by geological disasters such as
landslides, collapses, and mudslides were 1,090, so economic losses were between 12 and 15 billion yuan; The annual
death toll from floods and disasters was 1647.8 people, and economic losses were 110.634 billion yuan[1-2]. Affected by
the coupling of natural, economic and social factors such as global climate change, extreme weather events, and their
secondary disasters will increase in the future. Destructive earthquakes are still frequent occurrences. The suddenness of
natural disasters, abnormalities and complexity have increased. At the same time, there are some problems in Chinese
disaster reduction services. Too much emphasis is placed on decision-making and not on early warning. The integrated
disaster reduction services system is incomplete. Local governments at all levels have weakly integrated disaster
prevention and reduction capabilities[3-5].
At present, comprehensive disaster-relief “intelligent” technology to solve the predictable, controllable and preventable
issues of emergency disaster incidents has been the consensus view of experts in related research fields at home and
abroad. In the past decade, “intelligent” system for comprehensive disaster reduction has been applied and validated in a
few developed countries or regions. The National Emergency Management System (NIMS) was established in 2008.
Implementing a cross-section using the life cycle model, multi-event emergency management guide all departments,
governments at all levels, non-governmental organizations, and private organizations to collaborate[6-7]. The Copernican
Emergency Management Services Center (EMS) is an emergency management services center in the European Union
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which provides timely and accurate geospatial information services for human-made emergency events and
humanitarian crises[8-9] services. The earthquake and tsunami warning system built-in Japan that covers the whole
country, the disaster information system, emergency response support system, and early evaluation system were
established [10-11]. The Korean U-City plan is a redefinition of future high-tech cities. It integrates IT infrastructure,
technologies, and services to provide intelligent city services for urban housing, urban economy, and urban
transportation. Among them, U-Facility Management(FM) can not only provide services for the allocation and efficient
use of urban facilities. And more importantly, it can provide very flexible resource scheduling services in the
emergency handling process[12-13].
Modern spatial information technology has become a universally adopted high-tech method for disaster prevention,
disaster reduction, and disaster relief in various countries. It can provide data resources, positioning benchmarks, basic
frameworks, and key technologies for disaster prevention, disaster reduction, and disaster relief. It plays an
irreplaceable role in public safety management. With the increasing popularity of the Internet, artificial intelligence,
Internet of things, and communication technologies, the location-related disaster-afflicting bodies, and typhoon-related
environmental data have become increasingly abundant. Uncertainty, unpredictability, and complexity of emergencies
require that comprehensive disaster reduction services technologies continue to be integrated, integrated, spatialized,
refined, and intelligent[14-17]. It is urgent to solve technical problems such as the integration of disaster events, various
disaster-afflicting bodies, and typhoon-prevention environments, as well as the integration of sensing, positioning,
integration and scenario simulation, and knowledge-based services. Spatial information technology provides an
important role for emergency decision-making, disaster prevention, and reduction, and has an irreplaceable role in
public safety management. The top-level design of the integrated disaster reduction intelligent services proposed in this
paper is mainly from the perspective of information technology. Based on mapping geographic information technology
and various information carriers such as Beidou networks, communications network, Internet and sensor networks, it
builds a comprehensive disaster reduction technology system with high-precision indoor and outdoor seamless
positioning, accurate spatial information integration, integrated simulation of emergency scenarios, and intelligent
information services in complex disaster environments. Independently developed an integrated, full-flow integrated
disaster reduction intelligent services system. A multi-level comprehensive disaster reduction application demonstration
system was established for different disasters.

1.THE CONNOTATION AND CHARACTERISTICS OF THE INTEGRATED DISASTER
REDUCTION INTELLIGENT SERVICES
The Integrated Disaster Reduction Intelligent Services, which integrates advanced technologies like public safety,
artificial intelligence, big data, cloud computing, Internet of things, network communications, etc, is based on mapping
and GIS technology. By fully perceiving the disaster site, the services can enhance the relationship of things-things and
things-persons and comprehensively, accurately, grasp the dynamic trend of various risks in real-time, and predict and
prevent and control possible dangerous accidents and emergencies. After a crisis event occurs, the services can do
information sharing and coordination and cooperation, and the full integration of people and technology can be
achieved, too, and all of these make the prevention, mitigation and relief management of disaster more intelligent,
efficient, and secure. The Integrated Disaster Reduction Intelligent Services is a comprehensive systematic project,
which can achieve information sharing and collaboration among different departments and systems when facing up
complex disasters, and more intelligently perceive and analyze and handle disaster events and make full use of existing
resource to make the best management decision so that incidents and disasters can be predicted in time. Utilizing
Information and intelligent methods to help the reduction and relief of disaster, which can minimize the number of
casualties and economic losses[15].
The disaster reduction services refer to the services that provide disaster reduction and mitigation and damage-loss
protection in the entire process of disaster management, including prevention and preparation, monitoring and early
warning, disposal, and rescue, recovery and reconstruction. Intelligence is the core of disaster reduction services. It
requires the ability to automatically identify users' explicit and implicit needs, and actively, efficiently, and safely
provide the services they demand. Comprehensiveness is the essence of disaster reduction services. It mainly deals with
various natural disasters and their entire processes, and comprehensively studies and integrates them. Integration is the
foundation of disaster reduction services. It is a service that integrates multiple independent resources and provides
them with the same system to accommodate each other, cooperate with each other, and work together. Accuracy is the
requirement of disaster reduction services. It is mainly aimed at different disaster environments and different disaster
services targets. It provides precision in the concept of time, accurate spatial location, and refined services content.
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Figure1 The connotation of the integrated disaster mitigation intelligence services
The integrated disaster mitigation intelligence services have its own characteristics, which are mainly reflected in (1)
Comprehensive and thorough sensing. Through sensing technology, various aspects of urban security management are
monitored and sensed. Utilizing all types of intelligent sensing devices and systems to monitor all aspects of the city's
environment, status, and location, monitor potential hazards, integrate, analyze, and process perceived data, and
integrate it with intelligent emergency services to promote each key systems of city operate safely and efficiently. (2)
Broadband ubiquitous interconnection. In urban integrated intelligent disaster reduction, various types of broadband and
wireless technologies provide the basic conditions for urban applications. Broad interconnection as the "neural network"
of smart cities greatly enhances the ability of intelligent emergency response as an adaptive system for information
acquisition, real-time feedback, and intelligent services at any time and place. (3) Ubiquitous positioning. Positioning
terminals based on GNSS, Bluetooth, UWB, WIFI, etc. can achieve high-precision indoor and outdoor seamless
positioning[18], obtain real-time and accurate position information, and use the multi-positioning system coordination
platform to collect, transmit and process information collected by various positioning system data collection terminals.
So it can provide real-time and effective location services information for emergency decision-making and command
systems. (4) Efficient and rapid processing. The integrated disaster reduction intelligent services system is a complex
integrated system. The application of a new generation of comprehensive sensing technology has increased the city's
massive data. Based on cloud computing, storage, calculation, and analysis of massive data is implement through the
application of intelligent fusion technology, which greatly improves the ability of decision support. (5) Smart
collaborative services. The integrated disaster reduction intelligence service is a comprehensive system engineering. In
the face of complex disasters, different departments and systems in the city can achieve information sharing and
collaborative operations, and more intelligently perform disaster awareness, analysis and disposal, make full use of
resources, and make the best city development and management decisions, timely forecast and response to emergencies
and disasters.

2 OVERALL STRUCTURE OF COMPREHENSIVE DISASTER REDUCTION INTELLIGENCE
SERVICES
The entire process of comprehensive disaster reduction, including advance prevention, disaster warning, disaster relief,
and post-disaster recovery, will accomplish the integration of surveying and mapping geographic information
technology, computer communication technology, and public safety management technology, establishes a new model
for geospatial information technology to support public safety. The overall design with integration, comprehensiveness,
intelligence, and precision as its core has initially achieved the integration of software systems, key technologies, and
application services, and has established a system of technology, and apply a three-level index project management
system. Using the model library-driven decision analysis and intelligent services technology, an integrated, full-flow
integrated disaster reduction intelligent services system was developed. The overall architecture design of the project is
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divided into five basic levels. As shown in the following figure, the design concept of an integrated disaster reduction
intelligent services can be fully demonstrated through the division of effective hierarchical structure services.

Figure2 Overall structure of the integrated disaster mitigation intelligence services

(1)Perceptive layer
Perception layer is the data resource foundation of the integrated comprehensive disaster reduction intelligence services,
and is a key part of comprehensive disaster reduction information collection, it consists of a basic sensing device
(composed of basic identification and sensor components such as RFID tags and readers, various types of sensors,
cameras, GPS, two-dimensional code labels, and readers), a network of sensors (RFID network, sensor network, etc.),
and terminal devices such as mobile phones, tablet computers, and telephones.
The sensory layer is the data resource foundation of the integrated disaster reduction intelligent services and is a
key part of comprehensive disaster reduction information collection. The network consists of basic sensing devices,
which consist of basic identifications and sensor components such as RFID tags and readers, various types of sensors,
cameras, GPS, two-dimensional code labels and readers, and sensors (RFID networks, sensor networks, etc.) and
terminal equipments which consist of mobile phones, tablet computers, telephones, etc.

(2)Network layer
The network layer mainly implements the transmission of the integrated comprehensive disaster reduction intelligence
services data, and is composed of Beidou network, communication network, Internet, and sensor network, and is
seamlessly connected with the sensing layer, it is the basic security for integrated disaster reduction navigation
positioning, disaster situation perception, disaster data transmission and emergency communication command.

(3)Technical layer
The technical layer is the technical support for the construction of project application systems, through the development
of key technologies such as spatial orientation, fusion processing, scene modeling, rapid mapping, model analysis, and
decision-making services for typical disasters, the integrated comprehensive disaster reduction intelligence services
process model is established, to implement the integrated innovation of surveying and mapping geographic information
technology, positioning and communication technology, geographic information services technology and public safety
management technology.

(4)System layer
The system layer is the construction layer of the practical application system, through the establishment of the related
integration mechanism at the technology layer, independently developed an integrated, full-flow comprehensive disaster
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reduction intelligence services. The system layer has the functions of emergency rescue command, 3D scene of disaster
scene, real-time acquisition of emergency personnel equipment position information, rapid emergency drawing and so
on, and support emergency semantic model-driven scheduling aggregation and full-process emergency services, and
provide software platform support for national, departmental and local application demonstration.

(5)Application layer
The application layer mainly provides comprehensive disaster reduction intelligence services for three levels of users,
which can implement new application methods, such as seamless connection of indoor and outdoor positioning,
integration of scene expression, personalized presentation of information content, and active push of business functions
for different disaster environments. Six types of disasters, including earthquakes, floods, geological disasters, urban
fires, traffic accidents, and collapse of buildings, were used for demonstration applications at the emergency office of
the State Council, five ministries, and five local governments.

3 TECHNOLOGY CONTENT OF COMPREHENSIVE DISASTER REDUCTION INTELLIGENT
SERVICES
Comprehensive Disaster Reduction Intelligent Services, CDRIS, is researched among the soft hardware system of
whole flow comprehensive disaster reduction intelligent services, which faces high-accuracy positioning, integration
and analysis and knowledge services. The Comprehensive Disaster Reduction Intelligent Services implements the
function including emergency rescue command, disaster on-site 3D scene, emergency personnel equipment location
information real-time acquisition, etc. and forms a technological system based on Indoor and outdoor integration
position and built a technology system on Indoor and outdoor multi-scale geospatial information fusion and
visualization and finally accomplish multi-department and multi-level’s demonstration application. The technology
content of the Comprehensive Disaster Reduction Intelligent Services mainly reflects intelligence, comprehension,
integration and accuracy.

(1)Intelligence
Intelligence is the core of CDRIS, where intelligent positioning services, multi-source data fusion processing services,
disaster on-site 3D scene visualization services, rapid mapping services, disaster modeling analysis services, emergency
decision-making services, etc. contains. Spatial location in disaster environment, which can intelligently awareness and
offers current user’s related location information and other useful information based on existed data mining, gradually
develops towards the location-aware intelligent services that is under services-driven model. Multi-source data’s
integration process utilizes characteristics like multi-source and multi-scale, and chooses three data processing methods
including automatic semantic matching and conversion, self-heuristic fusion strategy and disaster reduction data
activation to integrate data and ultimately implement the rapid integration of indoor and outdoor multi-source disaster
information and multi-scale spatial information. The intelligence of disaster scene’s 3D modeling can implement
disaster scene’s rapid awareness, self-adaptive automatic construction and disaster scene’s enhanced expression, and
provide users with a displayed, analyzed and explored scenario. The intelligence of self-adaptive rapid mapping forms
disaster mapping knowledge rule base to construct different types of mapping data and the collection of mapping
relations about thematic symbols, and offers various map decoration templates and disaster map production services
that adaptively provides different participation modes for user roles. By building up united model group management
frame, disaster modeling analysis services actively integrates every single distributed heterogeneous model library and
intelligently infer disaster’s whole process with combining disaster chain analysis, and implement intelligent call and
uniform calculation of models in a model group when facing a complex disaster scenario, and use intelligent semantic
analysis to implements human-computer interaction intelligent services with human-computer interaction interface. The
intelligence of emergency decision-making services fully considers pre-disaster prevention, early warning and rescue
during disasters, post-disaster reconstruction and assessment, with combining disaster spatial information integration,
disaster scene fusion and enhanced visualization, self-adaptive dynamic mapping, and the technology of disaster model
construction and management to build an united integrated disaster reduction intelligent services system. And then
implements the intelligence in comprehensive disaster reduction decision services like situational awareness of location
access and visualization services, disaster reduction models intelligent services, online emergency plan matching and
command decision-making, personalized knowledge recommendations, etc.

(2)Comprehensiveness
Comprehensiveness is the essence of Comprehensive Disaster Reduction Intelligence Services, which mainly reflected
in the comprehensiveness of multi-source information resources, disaster modeling analysis, inter-departmental disaster
reduction business, multi-level demonstration application, etc.
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The comprehensiveness of multi-source information resources is an important breakthrough point to increase the
breadth and depth of integrated data about the Comprehensive Disaster Reduction Intelligent Services, to process and
comprehensively analyze some types of disaster information and can classify and archive data effectively and at the
same time, according to the demonstration application scene field data, dynamic data access of multiple sensors,
simulation analysis information data, and spatial data, basic disaster data can be provided. The comprehensiveness of
disaster model analysis is of great significance for comprehensively analyzing various types of disasters by constructing
model groups, for different types of disasters, models can be called on demand and aggregate dynamicaly with using
specialization model based on different disaster scenario and building up typical disaster distribution and heterogeneous
model library. With parsing the basic information of an incident and the need for emergency management users, taskoriented and emergent-semantic-driven disaster models analysis services can be achieved.
The comprehensiveness of inter-departmental disaster reduction business can be achieved by multi-sector disaster
business coordination and multi-sector consultation and decision-making. With combining the existing work
foundations of disaster departments, multi-level demonstration application ,builds up intelligent services application
demonstration system to implement integrated and the whole processing comprehensive disaster reduction services for
disasters such as earthquake disasters, flood disasters, geological disasters, hazardous chemical disasters, urban fires,
traffic accidents, forest fires, collapse of buildings, stability, etc.

(3)Integration
Integration is the foundation of comprehensive disaster reduction intelligent services, which is mainly reflected in the
integration of indoor and outdoor positioning, disaster reduction services process, soft-hardware equipment and
technology-system-application-standard.The integration of indoor and outdoor positioning utilizes the Beidu-based starbased multi-GNSS composite system, ground mobile communication positioning network and UWB, Wi-Fi, Bluetooth
indoor base stations and sensors such as PDR and INS and choose. The data fusion algorithm is used to process the
above-mentioned multi-source data to solve the problem of integrated positioning in strong signals, weak signals, and
no-signal scenes. The integration of disaster reduction services processes is surrounded by advance prevention, early
warning, disaster relief and disaster recovery to implement data acquisition and integration, data processing and
analysis, comprehensive disaster reduction intelligence services and multi-level application demonstration, including
functions like emergency rescue command, 3D scene at disaster site, and real-time acquisition of emergency personnel
equipment location information, etc. An indoor and outdoor integrated positioning technology system need to formed
and an indoor and outdoor multi-scale geospatial information fusion and visualization technology system will be
established.The integration of software and hardware equipment through independently developing emergency
positioning terminal, constructing emergency positioning network test field, researching The integrated disaster
reduction services system, to achieve the integration of emergency positioning terminal hardware and software, scene
modeling and visualization enhancement software and hardware, and perceived devices and services systems hardware
and software.
Technology-system-application-standard integration focuses on key technologies such as indoor and outdoor location,
fusion processing, disaster scene modeling, adaptive mapping, and intelligent services. Combining supporting
technologies like the Internet of Things, cloud computing, and big data, the comprehensive disaster reduction intelligent
services system was established and is applied to the demonstration of intelligent disaster mitigation services for typical
disasters, condenses technologies, systems, and applications, and formulates standards and guidelines for disaster
prevention and mitigation services.

(4) Accuracy
Accuracy is the requirement for disaster reduction services. Accuracy mainly includes disaster emergency positioning
network, indoor and outdoor positioning of dedicated data collection terminals, indoor and outdoor data fusion of
buildings, multi-granularity services, and precision matching of different user needs. The rapid networking of the
emergency location base station, which is of great significance for achieving accurate rescue in the case of complex
disasters, can provide initial value of base station location with rescue workersDue to the suddenness and diversity of
disaster events, the rapid and accurate positioning of the network has become a necessary method to save the lives and
property of the people and achieve efficient and safe rescue. The indoor and outdoor positioning of dedicated data
collection terminals integrates various information carriers such as Beidou.network, communications network, Internet,
and sensor network, in outdoor scenarios, the dynamic positioning precision of the high-precision dedicated data
collection terminal is better than 1 meter, and the positioning precision of UWB and other indoor high-precision
professional data acquisition terminals is better than 1 meters. The precision of indoor and outdoor data fusion of
buildings is achieved by considering time, environment, structure, and spatial relationships of indoor and outdoor
disaster information, then implement indoor and outdoor multi-source information fusion, and multi-scale integration of
large-scale maps and indoor scenes. Finally, indoor and outdoor geography spatial information fusion accuracy is better
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than 0.5 meters. The precision of matching multi-granularity services and different user’ needs is to properly granulate
the services according to different user requirements, and accurately match multi-granular emergency services with
different user needs, thus making the rescue more efficient and efficient.

4 INTEGRATED DISASTER REDUCTION INTELLIGENT SERVICES SYSTEM
CONSTRUCTION
Considering typical disaster scenarios and the comprehensive analysis of the whole process of disaster reduction,
including the prevention, the warning, the rescue and the reconstruction, the integrated disaster reduction information
intelligent service serving leadership decisions and rescue command is built up, and then we construct the Integrated
Disaster Reduction Intelligent Service System. The system mainly consists of disaster information management and
database construction, emergency events and perception, emergency information extraction and statistical analysis and
deduction, comprehensive disaster reduction, emergency model smart services and integrated disaster reduction to
demonstrate the application and so on six core modules, In addition, it also includes auxiliary function modules and
components such as emergency duty, preplan drill, comprehensive experiment, real-time road condition, WeChat
platform, common link, popular science publicity and system setting, etc. The main interface of the system is shown in
figure 3.

Figure 3 The integrated disaster reduction intelligent services system main interface.

Figure 4 Disaster information management and building module.
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Figure 5 Emergency location and sensing module.

Figure 6 Emergency model analysis and inference module.
The main content of the integrated disaster reduction intelligent services system is as follows (as shown in figure 4figure 6). (1) The module of disaster information management and database construction contains basic information,
emergency thematic information, emergency historic information and related disaster information. Specifically, the
basic information contains population, economy, legal person, etc.The emergency historical information and relevant
information of Internet mining. By integrating all kinds of emergency information, Multi-level feature extraction and
multi-level correlation analysis are carried out. Finally, an emergency knowledge base is established. (2)The location
and sensing module of emergency events include the location of disaster events, the integration of the indoor and
outdoor areas of disaster, and the intervention of disaster site perception information, etc. The real-time positioning and
visualization of a 3D scene of personnel, vehicles and relief materials are accomplished. (3)The emergency information
extraction and statistics module mainly implements the extraction, integration, correlation and statistical analysis of all
kinds of disaster information within the scope of the disaster. (4)The emergency model analysis and deduction module
not only implement the general spatial analysis model, such as personnel evacuation, two-dimension path analysis,
earthwork calculation, spatial overlay analysis, and buffer analysis, etc. It also includes the professional emergency
disaster reduction model and two - dimensional analysis services of the typical disasters such as fire, earthquake, traffic
accident and geological disaster. (5)The integrated disaster reduction intelligent services module implements the
emergency rapid adaptive mapping services, the typical disaster knowledge mapping services, and the emergency
services delivery services, etc. The integrated comprehensive disaster reduction intelligent emergency plan can be
automatically generated. (6)The integrated disaster reduction demonstration application module mainly aims at the
multi-level demonstration application of national, department and local level. In view of different disaster
environments, new application forms such as the seamless connection of indoor and outdoor positioning, integration of
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scene expression integration, personalized presentation of information content and active push of business functions are
accomplished.

5 CONCLUSION
In order to solve the current problems in the information construction of disaster prevention and reduction in our
country, such as individualized governance, low-level redundant construction, lack of sharing and integration of
information resources, etc. and the improvement of integrated disaster prevention and mitigation capabilities，and to
improve the comprehensive capability of disaster prevention and reduction. Through the breakthrough in high-precision
seamless positioning, emergency and rapid adaptive networking, multi-granularity spatial information fusion, dynamic
integration of disaster scenes and simulation integration expression, emergency rapid mapping, disaster model group
management, disaster reduction intelligent services technology, the dynamic simulation and analysis problems of
complex emergency scene and its evolution process are solved. This article gives an in-depth understanding of the toplevel design of comprehensive disaster reduction intelligence services ， based on the summary of studies on
comprehensive intelligent disaster reduction services in recent years, the connotation and characteristics of
comprehensive disaster reduction intelligence services are systematically described, and the overall architecture of
comprehensive disaster reduction intelligence services is introduced, the technical content of comprehensive disaster
reduction intelligence services was systematically analyzed from the four levels of intelligence, comprehensiveness,
integration, and accuracy of disaster reduction services, at last, the construction of the integrated comprehensive disaster
reduction intelligence services platform was introduced to promote the in-depth development and application of
comprehensive disaster reduction intelligence services technology, and comprehensively improve the national
emergency disaster prevention and reduction capabilities.
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Abstract
Many of the mountains in Bulgaria are affected by avalanches each year. Avalanches are typical of any mountain range
that accumulates a large enough snow cover. In the mountainous terrain, avalanches are among the most serious
hazards to the life of tourists and mountaineers. They have destructive capacity, due to their potential to carry a huge
mass of snow over long distances.
This paper is focused on cartographic visualization of avalanche areas in Pirin National Park. There are more than 50
marble and granite peaks within the park with a height of more than 2500 m. Some of the slopes in the park are at
avalanche danger. The paper presents 2D and 3D cartographic visualization of avalanche slopes based on analysis of
the main factors of avalanche formation mainly attaching importance to terrain factors: slope steepness, slope aspect,
height.
Keywords: Snow Avalanches, Cartographic Modeling, Visualization, Thematic Mapping

INTRODUCTION
Snow avalanche is the major natural hazard in Europe's mountain during the winter (Javier, 2003). Bulgaria is a country
with a lot of mountains and many of them are affected by avalanches each year. The statistics of Mountain Rescue
Service of Bulgaria shows numerous avalanches with human and material losses in Rila, Pirin, Stara planina, Belasitsa
and other mountains in the last 50 years. Statistic information could be very useful for prevention. Snow avalanches that
occurred in the past give an idea of the size and type of avalanches that may occur in the future (Maggioni et al, 2002).
The last fatal snow avalanche accident in Pirin mountain is from February 2018 when a young woman lost her life near
Momin vrah Peak during mountain trekking (Mountain Rescue Service, 2018). Just three days earlier a snowboarder
was buried by an avalanche at Echmishte, Pirin, which is reported by Bulgarian Extreme and FreeSkiing Association BEFSA (Panayotov, 2004a) for one of the most avalanche-prone slopes of freeriding in the Bulgarian mountains.
Fortunately the snowboarded was found and saved due to the rapid reaction of the Mountain Rescue Service (Mountain
Rescue Service, 2018). Activities such as mountain hiking, trekking, skiing and climbing that are negatively impacted
by snow avalanches (Munteanu et al., 2013).
Type of snow is of utmost importance for the formation of avalanches. Fierz et al. (2009) give a detail International
classification for seasonal snow on the ground. Ancey Christophe considers two cases of avalanches depending on the
form of motion: flowing (with a high-density core at the bottom) and airborne avalanches (most of the snow particles
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are suspended in the ambient air by turbulence) (Ancey Ch, 2018). Panayotov (2004b) defines the types of avalanches
in the Bulgarian mountains: dry avalanches of soft snow, wet avalanches of soft snow, soft slab avalanches, hard slab
avalcnhes, powder avalanches. The are also cornice fall avalanches in Bulgaria. Formation of all these types of
avalanches depends on the snowpack, terrain surface, weather, etc. Avalanches can have extreme violence and can
cause human lost and significant damages. It is necessary the avalanche prone slopes to be presented on maps that may
be used for route planning and disaster management.

INFORMATION MATERIALS OF AVALANCHE DANGER
Information about avalanche danger can be provided by avalanche bulletin which combines meteorological and
topographical factors (Eckerstorfer, 2008). European Avalanche Warning Services (2018) defines five levels of
avalanche danger: 1 - low, 2 - moderate, 3 - considerable, 4 - high and 5 - very high. Bulletins should describe the level
of avalanche danger and give information about the prone areas, avalanche problems (incl. new snow, wind-drifted
snow, persistent weak layers, wet snow, gliding snow), danger description, information concerning the snowpack and
the weather (European Avalanche Warning Services, 2018).
The Mountain Rescue Service of Bulgaria is a specialized organization that deals with the mountain rescue activity,
which is regulated by the legislation of the Republic of Bulgaria. The Mountain Rescue Service provides avalanche
bulletins for four of the highest mountains in Bulgaria - Rila, Pirin, Stara planina and Vitosha. The bulletins describe the
avalanche danger, direction of avalanche danger, snowpack conditions, weather conditions, recommendations and
predictions. Bulgarian Extreme and FreeSkiing Association - BEFSA is a nonprofit organization established by a group
of Bulgarian freeskiers. The mission of BEFSA is to develop and popularize the freeskiing sport in Bulgaria and within
the Balkan region, as well as to represent the needs and interests of the Bulgarian freeskiing community. BEFSA
provides information on conditions of avalanche formation, also a snow profile of avalanche areas. All the information
described in the bulletins can be more easily understood if it is supported by maps. Bulgarian avalanche bulletins are
still not supported by maps of avalanche danger. The maps of avalanche prone areas should be in close relation to the
bulletins. Kriz (2001) describes the main objectives of avalanche hazard mapping: cartographic design, layout and
presentation using multimedia technology; Digital Terrain Model assessment for high quality feature derivation;
combination of avalanche science, risk research, design, psychology of perception. Eckerstorfer (2008) made detailed
analysis of cartographic products presenting avalanche hazard and gave requirements for a high quality hazard map.

DETERMINATION AND CARTOGRAPHIC VISUALIZATION OF AVALANCHE PRONE
SLOPES
Main factors of formation of snow avalanches
To present enough accurate and helpful cartographic representation of avalanches to our users, we need to find
information about topography, snow pack and weather condition, which are defined by Lied K (2004) as important
factors for avalanche formation. We can add here vegetation and human factor. More detailed descriprion of these
factors is following.
Determination of avalanche prone slopes is based on analysis of the main factors of avalanche formation. One of the
main factors is terrain (including slope steepness, slope aspect, relief and landforms).
Slope steepness is one of the most important terrain factors (Covasnianu et al., 2011). Most common avalanches occur
at a slope of 30° to 45°. From 25° to 30° there is frequently occurrence of avalanches, from 45° to 50° there is a rare fall
of avalanches and at a slope below 25° and over 50° very rarely fall avalanches. In slopes above 50° small amounts of
snow falls are observed. Fig. 1 shows the results of statistics for the most likely fall of avalanches depending on the
slope (Bulgarian Red Cross, 2009).
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Figure 1. The most likely fall of avalanches depending on the slope
Slope aspects represents a significant role in morphological, hydrological and ecological processes (Covasnianu et al.,
2011). Northern slopes receive much less heat than the sun compared to the southern slopes. For this reason, the snow
compression is much less, and the stabilization process is very slow. That is why in the winter the northern slopes are
much more avalanche dangerous than the southern ones. In the spring, however, the snow cover on the southern slopes
can be overloaded with moisture from the melting of the snow and they become more avalanche dangerous (Bulgarian
Red Cross, 2009).
Some landforms are at higher danger than others. The steep, smooth and open leeward slopes where a large amount of
snow can accumulate are very dangerous. It is difficult to predict exactly where the avalanche start area would be. The
leeward slopes collect a lot of snow under the influence of the wind. In these locations cornices are formed. If there is a
thin layer in the cornices and if it is overloaded, it is possible a corinice fall avalanche to occur. Frequently, a large
amount of snow is collected in deep, concave, elongated relief forms. Therefore, such kind of landforms are a common
track of avalanches (Bulgarian Red Cross, 2009). It is most safe to hike along edges and ridges in the winter.
Other main factors of avalanches are vegetation, snowpack, weather and human factors. Mountain vegetation is of
utmost importance of avalanche formation. Slopes of alpine grass create conditions for snow slipping and avalanches
falling. Much less is the avalanche danger in forest areas. Forests have a protective role - they cannot stop avalanches
that pass through them, but they can prevent the formation of avalanches as they prevent the snow from falling.
Avalanche formation is affected by the conditions of the snowpack: thickness and structure of the snow cover; presence
of weak layers; presence of cornices; humidity of the snow; compression of the snow; presence of a new amount of
snow (Bulgarian Red Cr, 2009).
Weather factors that affect snow avalanche formation are temperature, wind direction and wind speed, solar radiation,
snowfall, snow intensity (Bulgarian Red Cross, 2009; Eckerstorfer, 2008).
Human factor has a great impact on avalanche fall. The most common cause of avalanches is the passage of people
through avalanche prone areas.

Cartographic visualization
Determination of the avalanche slopes is based on analysis of the main factors of avalanche formation mainly attaching
importance to terrain factors: slope steepness, slope aspect, height, taking into account solar radiation and wind
direction. Based on GIS analysis a series of thematic maps of slope steepness and aspects of Pirin National Park were
compiled according to the slope steepness and aspects at different time of the day and different months, taking into
account, solar radiation and wind direction.
A 2D map of the slope of the terrain of “Pirin National Park” was created (Fig.2). The map shows the steepness of the
slope and the dangerous zones displayed in red, which provide the formation of avalanche.
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Figure 2. 2D map of the slope of the terrain of “Pirin National Park”
A 2D map of the aspect of the terrain of “Pirin National Park” was created (Fig. 3). The map shows the aspect of the
terrain, which represents the quantity of sun, which comes to the slopes during a winter day.

Figure 3. 2D map of the aspect of the terrain of “Pirin National Park”
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Using such kind of information cartographers can provide mountainers useful information for avalanche danger. There
are cartographic products that represent safe winter routes and avalanche prone slopes through symbols – arrows,
showing the start area and possible directions.
The maps can be used to support: assessment of safe winter tourist paths; defining locations of avalanche warning sign
in the mountains; production of information boards for avalanche danger; compiling avalanche bulletins; planning a
trekking route in the winter. These maps support pre-disaster activities including preparedness and assessment. In
emergency the maps can be processed into reference maps through adding special symbols presenting the type and
location of the accident and symbols for affected people and infrastructure (Marinova, 2017). By adding information
about operational sites and activities the teams of the Mountain Rescue Service can get maps for evacuation and rescue
planning (Marinova, 2017).

3D MODELING OF SNOW AVALANCHE AREAS
In the last decades 3D maps became a very powerful tool of cartography. They give cartographers more possibilities to
represent thematic and special information in a way that is understandable to map users (Bandrova & Bonchev, 2010).
3D modeling can be defined as creation of a spatial model using special computer programs. The built-in 3D model can
be viewed from all sides and also be located in one or another environment. There are several steps in processing the
information to reach the original 3D model: collecting primary data, preparation in points, polylines, or polygons, and
finally creating a 3D model, typically consisting of triangulated network. A data source is any source of information
that can be used on the map.
For the creation of the 3D map of avalanche prone zones in the area of Todorka peak the Directorate of “Pirin National
Park” provided the following data: contours in vector form (vectorized in 50 m, with sufficient precision for the next
steps of working); peaks with altitude; rivers and lakes; tourist paths and hiking trails. Integration of various data is
essential to build a good base for environmental analysis and planning (Ciolli et al., 1998) Data processing is a complex
process. It requires reconciliation of different types of information presented in its formats. As there are many zones of
potential avalanche risk in every valley in Pirin National Park, there is an automatic generalization of the rivers and the
tourist trails, which fall in the region of Todorka Peak, as a limiting parameter is the maximum length of the polyline - 3
km.
The western slope of Mount Todorka is an "ideal" combination of conditions for the formation and falling of
avalanches. The traces of vegetation and historical evidence show that this is indeed the case, and during certain periods
it has a very active avalanche activity. A 3D map of the avalanche zones in the area of Todorka peak was created. The
basic map represents: terrain relief; hydrography; tourist routes; chalets; avalanche danger zones. The additional content
of the map depicts: annotation for the north and scale.
First step of producing morphologic map is creating slope map. After creating the slope map, it is needed to
differentiate between the hazardous slopes and non-hazardous ones. In avalanche hazard assessments, different intervals
have been determined as hazardous slopes. In this case, slopes between 28° and 55° are considered as the hazardous
slopes. Based on the slope of the terrain and descriptions provided by Panayotov (2004a) at the web-site of Bulgarian
Extreme and FreeSkiing Association, the avalanche zones in the western slope of Todorka peak are presented. They are
characterized by polygons depicted in red. In this case, red color symbolizes danger.
The chalets Vihren and Bunderitsa are located in the research area. Vihren chalet is located in the Pirin Mountain, on a
cliff-side threshold on the left bank of Banderitsa river at 1950 m above sea level. It was built in 1939-1941 by the
tourist company in Bansko and it is called Eltepe. The chalet consists of 2 massive buildings, which can be reached by a
road from Bansko (16 km). Banderitsa chalet is in the North Pirin, situated on the left bank of Banderitsa river at 1810
m above sea level. It was built in 1915. It is located 14 km away from Bansko, leading to an asphalt road. In imminent
proximity - 300 meters southwest along the asphalt road - there is a suitable place for a palace camp. Designing a chalet
as a virtual object, it is intended to be close to the real object. It was made with measurements, using electronic roulette.
Volume scaling is used, which is a simultaneous increase or decrease of object dimensions on the three axes of a local
rectangular coordinate system. One scale section corresponds to 25 m. A north-arrow sign is placed on the west side of
the map, near a location where there are not many situated objects.
The purpose of the map is to help users practicing winter sports and mountaineering with the introduction of areas of
potential avalanche risk in the area (Fig. 4). The 3D dimension of the map makes orientation easily in the research area.
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Figure 4. 3D map of the avalanche zones in the west area of Todorka peak

CONCLUSIONS
Based on developed models reflecting the avalanche field factors (including slope steepness, slope aspect, relief forms)
a series of thematic maps of the territory of Pirin National Park are presented according to the slope steepness and
aspects at different time of the day and different months, taking into account, solar radiation and wind direction. To
summarize, information provided by responsible organizations, a 3D map of the avalanche prone zones in the area of
the west slope of Todorka peak (2746 m) was created. The area of Todorka peak is one of the most popular tourist
destinations in Pirin Mountain. All these thematic maps of avalanche prone areas aim to provide mountaineers, skiers,
alpinists with additional information about the avalanche danger near ski areas and tourist routes. The cartographic
information that comes from the 3D map will help the users for better understanding of the area and will be a caution of
the danger zones in the mountain.
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than 90 wall maps in geography and history, approved by Ministry of Education for Bulgarian schools. She is the
organizer of series International Conferences on Cartography and GIS.
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Abstract
Growing internationalization in early warning and crisis management increasingly puts cross-cultural issues on the
agenda. This holds especially true in the response phase where numerous time critical decisions have to be made and
mistakes might have serious consequences. As maps play a crucial role in such situations, cultural impact on them and
its implications are the focus of this paper. Considering two topics from cross-cultural research - assessment of context
information and classification strategies - possible consequences for map design and interpretation are discussed. First
selected results from cross-cultural studies are introduced for each topic, followed by several examples from German
and Chinese city maps that document likely cultural influences. Finally, potential impacts on map-based
communication in early warning and crisis management are addressed.
Keywords: China, cross-cultural cartography, cross-cultural research, early warning and crisis management,
Germany, map design, map signs

INTRODUCTION
In times of increasing global integration, international cooperation is of growing importance. This holds true for efforts
in the realm of early warning (EW) and crisis management (CM). In these efforts maps, as the most important means of
spatial communication play a crucial role. This is especially true in the response phase ("Successful Response Starts
with a map"; NRC, 2007), but also in all other phases of the emergency management cycle (recovery,
prevention/mitigation, and preparedness).
A characteristic that makes the response phase so special is the often-necessary struggle to save as many lives as
possible. In such situations, countless sensitive time critical decisions have to be made and the mistakes might have
serious consequences. These distinctive stressing factors put a lot of pressure on the search and rescue (SAR) team
members. Maps designed for use under such circumstances must be optimized in so as far as possible.
One essential precondition for such an optimization is comprehensive knowledge about the map users involved. Among
the characteristics that are less well understood so far are cultural traits. In SAR operations often times people from
several different cultural backgrounds (e.g.among the affected population as well as SAR team members from several
cultural groups) have to communicate with each other by means of maps. Which problems could arise in such
situations?
The following sections of this paper address two exemplary topics: assessment of context information and classification
strategies. First, several studies from cross-cultural research are summarized. In a second step, these results are applied
to explain certain differences between German and Chinese city maps. Finally in the last section, some possible
consequences for map-based communication in SAR operations are discussed.

969

Proceedings, 7th International Conference on Cartography and GIS, 18-23 June 2018, Sozopol, Bulgaria
ISSN: 1314-0604, Eds: Bandrova T., Konečný M.

EXAMPLE ONE - ASSESSMENT OF CONTEXT INFORMATION
What we can learn from cross-cultural research
Context or contextualization is a topic of interest for many years in cross-cultural research. In 1976, the American
anthropologist Edward T. Hall formulated the following definition: "A high-context (HC) communication or message is
one in which most of the information is either in the physical context or internalized in the person, while very little is in
the coded, explicit, transmitted part of the message. A low-context (LC) communication is just the opposite; i.e., the
mass of the information is vested in the explicit code." (1989:91).
While Hall's view was grounded in his behavioral observations, several cross-cultural psychologists extended this
definition of difference between HC and LC communication and applied it to perceptual domain. Ji, Peng, and Nisbett
(2000 cited after Nisbett 2003:96), for example, conducted a Rod and Frame Test with participants from East Asia
(mostly Chinese and Koreans) and from the US. In this test, initially invented by Witkin and his team 1954 (ibid.),
participants judge the orientation of a rod within a rotatable frame. For participants from HC cultures this judgement is
expected to be more influenced by the frame position. In LC cultures, the judgement is expected to be less field
dependent. The results showed that the judgement was more influenced by the frame position among the Asian
participants.
Especially interesting from a cartographical point of view is the Framed-line Test developed by Kitayama, Duffy,
Kawamura, and Larsen (2003 cited after Norenzayan et al. 2007:579). The initial experimental design consists of a
square with a vertical line inside. Participants draw either a line of the same length or a line of relatively the same length
in another, differently sized, square. The experiment was conducted with Americans and Japanese. As expected, the
members of a HC culture like Japan performed better in the relative task while the members from the LC American
culture performed better in the absolute task.
Chua, Boland, and Nisbett (2005) tested European American and Chinese graduate students for differences in scene
perception using eye-tracking equipment and photographs with clear-cut focal objects and backgrounds. The eye
fixations of participants were recorded while looking at each picture for three seconds. The results mirrored
membership of the participants to LC and HC cultures respectively. European Americans were less interested in the
background (= context) information and looked earlier and longer at the focal objects than the Chinese participants, who
likely were more inclined to assume that the background provides important context information. The authors of this
study concluded: "The result is that we see different aspects of the world, in different ways." (Chua et al. 2005:12633).

Evidence from maps
As Hall pointed out, Germany and China are situated at the opposite ends of the LC-HC continuum (1989:91). Could
this have any effect on maps produced in these countries? Based on evidence from cross-cultural psychology we have to
assume yes. However, how exactly could this influence manifest itself in maps? In this section, some evidence from
German and Chinese maps is interrogated to generate some potential answers to this question.
Angsüsser, in a study of point symbols (map icons) in city maps (2011) found distinct cultural differences in how theses
signs are separated from their backgrounds. Altogether 540 map icons from 20 German and 476 map icons from 20
Chinese city maps were compared. The presence or absence of a background, a border line, or a shadow effect in these
maps was evaluated (Fig. 1a). While nearly 57% of all German map icons used at least one of these features, only about
28% of the Chinese map icons were designed in such way. Additionally there was a difference between icons with
partial backgrounds or partial border lines (Fig. 1a) in the two icon sets. Of the 57% German icons examined about 9%
had only partially designed backgrounds or border lines. For the 28% Chinese icons examined, this ratio was about
21%. Thus, only about 23% of the Chinese map icons were completely enclosed by a background or borderline, or
separated from the map background by a shadow effect. Figure 1b shows the two most extreme examples of all 1016
map icons investigated. The figure in the German sign is separated from the map background by a high contrast icon
background, a border line, and a shadow effect, while the Chinese sign is hardly discernable because it nearly merges
into the map background.
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Figure 1a: Map icons (resized) with background, border line, background and border line, three kinds of shadow
effects, partial border line, and without any separation (taken from German and Chinese city maps; see Appendix)

Figure 1b: Two extreme examples for separation levels of map icons from the map background
(left: taken from a German city map, right: taken from a Chinese city map; both resized; see Appendix)
When comparing maps, it was also interesting to see that in China the background is sometimes used differently than in
Germany. In the maps shown in Figure 2, for example, areas are highlighted by presenting them with higher
information density, i.e. a more detailed and naturalistic background.

Figure 2: Highlighting certain areas through more detailed naturalistic backgrounds with higher information density
(taken from two Chinese city maps; both resized; see Appendix)
Another example is the Beijing Airport Express Train map as displayed inside trains above the doors (Fig. 3a). In this
schematic route map, the background is used for another map depicting the whole subway network with the airport
express train as a part of it (Fig. 3b). In this instance, two different scaled maps are shown at the same time. From a
geometric point of view, the larger scaled map in the foreground is more abstract than the smaller scaled map in the
background. These examples clearly show that in Chinese cartographic representations, the background is also a source
of information in its own right, not just an accessory part with some supportive function for the foreground as typically
seen in Western maps.
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Figure 3a: The Beijing Airport Express Train map in normal view

Figure 3b: The Beijing Airport Express Train map with the train line highlighted in the back-ground map

EXAMPLE TWO - CLASSIFICATION STRATEGIES
What we can learn from cross-cultural research
Not all cultures attach the same amount of importance to classification and grouping strategies. Chinese scholars for
example, traditionally regard it with suspicion. Nisbett cited (from Mote 1971) the ancient Taoist philosopher Chuang
Tzu with the words: "[...] the problem of [...] how terms and attributes are to be delimited, leads one in precisely the
wrong direction. Classifying or limiting knowledge fractures the greater knowledge." (2003:138).
In every society, classification strategies are necessary to some extent, for reasoning and communicating. However, as
several cross-cultural studies have shown, there are distinctions in the kind of strategies used in different cultures.
Nisbett and Norenzayan summarized them for East Asians and Americans in the following statement: "East Asians tend
to group objects on the basis of similarities and relationships among the objects, whereas Americans tend to group on
the basis of categories and rules." (2002:585).
The four studies selected for being introduced here dealt with matching habits concerning pictures, words, and objects.
In a study by Chiu 1972 (cited after Nisbett 2003:140) American and Chinese children had to match single pictures
(e.g., one of a cow) to one of two other images (e.g., one of a chicken and one of grass). The Western children were
more likely to select a picture of an object which can be connected via a common category; they selected the chicken
because cow and chicken are animals. The Chinese children on the other hand, preferred to match pictures of objects
that were connected via a relationship between them; they matched the cow with the grass picture because cows eat
grass.
Norenzayan, Smith, Kim, and Nisbett (2002:663ff) presented two sets of four drawings depicting flowers to European
American, Asian American, and East Asian (Chinese and Korean) undergraduate students. The participants then
decided into which of these two groups they would classify other, similar drawings, the so-called target objects. Most
of the European Americans chose the group where it was possible to apply a single distinct rule for the classification
(e.g., flowers with straight short stem). Whereas the East Asians, classified the target objects more often into other
groupings based on more complex criteria . Here no simple rule existed, but by comparing several properties (e.g.,
petals, stems, and leaves of the flowers), the East Asian students tried to optimize family resemblance. The Asian
Americans showed - as expected - intermediate results.
A third study, conducted by Ji, Nisbett, and Zhang (2002 cited after Nisbett 2003:140f), applied a similar procedure to
test American and Chinese (from mainland and Taiwan) college students. Instead of pictures, three words (e.g., panda,
monkey, banana) were shown to the study participants; they had to decide which two of them fit together best. Again,
the strategy used most often by the Americans was to find a common category (e.g., panda and monkey are grouped
together). The Chinese participants on the other hand showed the expected preference for a relationship-based matching
of the words (e.g., monkey and banana).
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Iwao and Gentner (1997 cited after Nisbett/Norenzayan 2002:583) investigated how Americans and Japanese (children
and adults) group objects. First they presented, a pyramid made of cork and then two other objects, e.g., a pyramid
made of white plastic and a piece of cork. Afterwards the participants had to decide which of the two shown objects are
more similar to the one first displayed. Americans most often chose two equally shaped objects (e.g., cork pyramid and
plastic pyramid), while Chinese preferred matching based on substance (e.g., cork pyramid and cork piece).

Evidence from maps
Based on these studies, it is quite easy to infer that Chinese, like East Asians generally, tend to classify based on
inherent similarities and relationships. However, in none of these studies did German participants took part. Which
classification and grouping strategies do they prefer? It can be assumed that Germans use similar strategies as
Americans, i.e. they classify based on categories and rules. Arguments to justify this view are the language similarity
and the intellectual history (e.g., founding of set theory by the German Georg Cantor 1874).
Therefore, in this section some examples from German and Chinese maps demonstrate the probable influence of the
different classification and grouping strategies. In Figure 4, a map icon from a Chinese city map with the meaning
"travel agency, point of interest" is reproduced. These two meanings are connected via a functional relationship, i.e., at
a travel agency one can book a guided tour to points of interest. The sign depicts a female tour guide with a flag (tour
guides typically use flags to signal their group where they are). Such a combination of meanings is very unlikely in
German maps, because map producers there would prefer to separate such meanings.

Figure 4: Map icon (resized) with the meaning "Travel agency, Point of interest"
taken from a Chinese city map (see Appendix)
This can clearly be seen in the second example. While in Chinese city maps the meanings "hotel" and "restaurant" are
often depicted together, i.e., with only one sign expression (Fig. 5a), they are always represented separately in German
city maps (Fig. 5b). This also reflects differences in the languages. In Chinese the characters "酒店" [jiǔdiàn] mean
hotel as well as restaurant. Again, a functional relationship between hotel and restaurant can be assumed because the
latter is often a part of the former. In the first example, however, it was possible to choose one sign expression
(presenting a female tour guide) that is related to both sign meanings (travel agency, point of interest). For the meanings
"hotel" and "restaurant" this is more difficult (under the given size restrictions for such map signs).

Figure 5a: Map icons (resized) with the meaning "Hotel, Restaurant"
taken from four Chinese city maps (see Appendix)
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The four map icons chosen for Figure 5a exemplify four different solutions to this problem. Two times the restaurant
part (crossed fork and knife, wine glass) of the overall meaning is favoured and two times the hotel part (bed, letter
"H"). In one of the German signs both meanings are depicted (crossed fork and knife above a bed) although the
explanation in the legend only covers the meaning "hotel (choice)". The addendum "(choice)" together with the crossed
fork and knife in the sign suggest that only hotels with a restaurant are included in that map. Still, the mapmakers
preferred to explain only one meaning in the legend. Even in this situation, they shy away from subsuming two usually
separated meanings in one sign expression.

Figure 5b: Map icons (resized) with the meanings "Hotel" and "Restaurant"
taken from two German city maps (see Appendix)
The last example (Fig. 6a) is about a map icon with the meaning "fly-over crossing". From a Western perspective, its
topology looks quite strange. It evokes an association of the biohazard sign (Fig. 6b). A possible explanation for its
shape is a kind of graphical family resemblance of a complex real-world crossing. In fact, many geometrical
relationship properties of such a crossing are there: converging and diverging lines, crossing lines, and circle-like
structures. They tell us something about the inner structure or substance of a fly-over crossing, while the overall
impression of the outer shape is not depicted.

Figure 6a: Map icon (resized) with the meaning "Fly-over crossing" from a Chinese city map (see Appendix)

Figure 6b: Biohazard sign (see Appendix)

HOW CULTURAL DIFFERENCES COULD INFLUENCE MAP-BASED COMMUNICATION
IN EARLY WARNING AND CRISIS MANAGEMENT
The examples discussed in the evidence from maps sections underscore differences between maps produced in
Germany and China. Likely explanations for them are cultural differences although other explanations are possible as
well. Even if we assume they are culturally related, the potential impact does not seem to be substantial. Most of them
may be no problem in every day map-based communication, but under the special conditions in EW and CM, with its
high time pressure and other stress factors, such minor differences could have serious consequences.
The different role context information may play in HC and LC cultures could lead, for example, to a loss of information
in cross-cultural communication situations. From a Westerners view, certain information could be hidden in the context
(e.g., in the background like in the Beijing Airport Express Train map; see Fig. 3a). People from the West usually
expect to get all-important information in a straightforward way. In cartographical education they learn to organize the
map content in hierarchical layers (e.g., Spiess 1996:66), dedicating the crucial information to the first layer in the
foreground. Consequently message speed (Hall / Hall 1990:4ff) is higher in Germany than, for example, in China.
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At first glance, a higher message speed seems to be an advantage for maps used in EW and CM. On the other hand, it
increases the risk of overlooking important information. As there is less contextual information included, interesting
relationships might get lost. From this point of view, the best solution is probably to produce and use different kinds of
maps depending on the task: highly selective analytical maps for communicating the most crucial information as fast as
possible and comprehensive complex maps including more background information (e.g., satellite imagery) to enable
thorough analysis of relevant relationships.
Of course, it is not a new idea to produce different kinds of maps for different kinds of tasks. The point is that there are
distinctions in the prevalent cognitive style of members of different cultures who are therefore better suited to handle
certain kinds of maps. However, this does not ensure successful map-based cross-cultural communication in EW and
CM. To achieve this goal it is necessary to standardize to a large extent the purpose, design, and usage of relevant maps.
This must be done as part of international (cross-cultural) training courses.
It is not enough to standardize map symbols alone as differences in classification and grouping strategies create
additional complexity. To know what a sign expression represents it is necessary to have comprehensive information
about its meaning and its real world object, i.e., to study its semantics and sigmatics. Otherwise, there is even more
room for misunderstanding although people are communicating with the same map signs and words (both are sign
expressions; meanings only exist in our minds).

CONCLUSIONS
The examples and discussions in this paper point out potential influence of cultural differences on map-based
communication in early warning and crisis management. If such influence becomes an actual problem highly depends
on the circumstances in certain map use situations. However, it is impossible to define these circumstances precisely
because of research deficits as well as the inherent general vagueness of cultural concepts. It is neither clear what
exactly culture is, or how to find the spatial and temporal borders between groups with similar cultural traits.
Additionally it is impossible to predict a single person's properties solely based on his/her cultural background. Even if
we were able to define all cultural characteristics with sufficient precision, we would not know how individual
characteristics influence cognition. Some people may be typical representatives of their culture, others are not.
The real benefit to gain from cross-cultural research is to raise awareness of differences between people from distinct
world areas. Already described systems of thought (Nisbett et al. 2001), or cognitive styles (Witkin 1967; Sadler-Smith
/ Riding 1999; Konecny 2011) could help increase understanding between map producers and map users in EW and
CM. On the other hand they could also help to raise awareness about differences within societies and cultural groups, as
cognitive styles may also vary substantially within such groups and not only between them. This sounds like a
contradiction. But difference between cultural groups on the general level does not exclude similarity on the individual
level, and vice versa. This is one reason for the fuzziness of cultural concepts. Such aspects become more important if
we take into consideration, e.g., the impact of volunteered geographic information on EW and CM (Haworth 2017). To
extend this body of research could help to avoid communication problems, and enable a better assignment of people to
the different tasks related to the production and usage of maps.
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APPENDIX
Figure sources (all map titles are translations from the original languages German and Chinese; if you need original
titles, please contact the author)
Figure 1a (from left to right):
Official City Map Düsseldorf, 1:20000, Provincial Capital Düsseldorf's Survey and Land Registration Bureau, 2003
City Plan Nuremberg, approx. 1:17000, Fuchs Publishing House, ca. 2002
Official City Map Regensburg, 1:12500, City of Regensburg's Planning and Building Department, 12th Edition, 2005
Beijing Transport Atlas, approx. 1:15000, China Communications Press, 1st Edition, 1st Impression, 2003
Pharus-Plan Berlin, Medium Version, 1:16000, Pharus-Plan, 6th Edition, 2007
Shanghai Tourist Guide and Map, approx. 1:31000, Shanghai People's Publishing House, Shanghai Surveying Institute, 2005
Tianjin City Atlas, 1:25000, China Map Publishing House, 1st Edition, 2nd Impression, 2005
Guangzhou Traffic and Tourist Map, 1:32000, Guangdong Map Publishing House, 8th Impression, 2007
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Figure 1b (from left to right):
Pharus-Plan Berlin, Medium Version, 1:16000, Pharus-Plan, 6th Edition, 2007
Guiyang Tourist and Traffic Map, approx. 1:17000, Chengdu Map Publishing House, Geodetic Institute II of Guizhou Province,
7th Edition, 14th Impression, 2007

Figure 2 (from left to right):
Haikou City Map, approx. 1:28000, Hunan Map Publishing House, Hainan Geographic Information Center, 2nd Edition,
3rd Impression, 2005
Tourist Map of Beijing, approx. 1:30000, Chinese Map Publishing House (Shanghai), Survey and Mapping Press, 1st Edition,
1st Impression, 2009

Figure 3a & 3b:
Resized and modified photographs of the Beijing Airport Express Train map; taken inside the train by Angsüsser, 2009-12-31

Figure 4:
Shenyang Tourist Map, approx. 1:48000, Harbin Map Publishing House, Liaoning Geographic Information Center,
Geodetic Archives Liaoning, 1st Edition, 1st Impression, 2004

Figure 5a (from left to right and top to bottom):
Shenyang Tourist Map, approx. 1:48000, Harbin Map Publishing House, Liaoning Geographic Information Center,
Geodetic Archives Liaoning, 1st Edition, 1st Impression, 2004
Guangzhou Tourist Map, approx. 1:36000, Guangdong Map Publishing House, 6th Edition, 40th Impression, 2007
Guiyang Tourist and Traffic Map, approx. 1:17000, Chengdu Map Publishing House, Geodetic Institute II of Guizhou Province,
7th Edition, 14th Impression, 2007
Shanghai Transport Map, approx. 1:53000, Zhonghua Cartographic Publishing House (Shanghai), Shanghai Surveying Institute,
1st Edition, 1st Impression, 2005

Figure 5b (left side and right side):
Pharus-Plan Berlin, Medium Version, 1:16000, Pharus-Plan, 6th Edition, 2007
Potsdam en detail, 1:20000, KALIMEDIA Publishing House, 1st Edition, 2004

Figure 6a:
Shanghai Transport Map, approx. 1:53000, Zhonghua Cartographic Publishing House (Shanghai), Shanghai Surveying Institute,
1st Edition, 1st Impression, 2005

Figure 6b:
Biohazard sign: https://tse4.mm.bing.net/th?id=OIP.RqOt_sPJlKutzQR9urik7gHaKd&pid=Api (accessed on 2018-05-01; modified)
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Abstract
The aim of the study is to present methods for assessment and thematic mapping of forest fire risk of the forest territory
of Bulgaria using GIS. Basic assessment parameters were determined to describe forest territories at risk of fires. A
spatial GIS database was built according to the requirements of the National Methodology for Determining the Risk of
Forest Fires in Bulgaria. GIS modules were used to analyze the forest fire risk, and to combine different forest firecausing factors, and, as a result, to create a variety of thematic maps and to visualize graphic and non-graphic data of
forest fire risk via GIS.
Keywords: forest fire risk, GIS, thematic mapping

INTRODUCTION
Since the middle of the last century the problem of forest fire activity globally has acquired new, dangerous, and in
certain years critical dimensions. This problem has mostly affected large forest areas in the USA, Canada, Australia,
and Europe countries. Forest fires significantly affect the forest ecosystems and ecological balance of the planet. This
research discusses the methods for classifying of forest fire risk on the territory of Bulgaria into three categories – high,
middle, and low. The methodology for mapping the risk of forest fires in the country includes a variety of cartographic
methods and GIS applications, and numerous techniques to process and present the specialized information.
It should be noted that within the European Union there is a lack of a unified methodology for determining the class
(level) of forest fire risk. National Methodology for Determining the Forest Fire Risk in Bulgaria defines terms used for
this purpose [12]. This is the basis for correct analysis, comparisons and evaluations of forest fire situations in Bulgaria,
other countries, and regions. Differences in terms and definitions related to forest fires and risk exist and possibly
remain into the future, despite the efforts for unification, harmonization, and consolidation around common terms and
definitions by the scientists, scientific organizations, and in accordance with recommendations by UNECE/FAO [7],
Regulation (EEC) No. 2158/92 [9], European Forest Fire Information System (EFFIS) [4], recommendations in the
European Court of Auditors (ECA) Report [19], and many others. The main reason for the enactment of Art 2 of the
Commission Regulation [3] on protection of the Community’s forests against fire that “Member States shall classify
their territory according to the forest fire risk level”. Therefore, each country should independently develop a
methodology for determining the forest fire risk, which adequately takes into account its national and/or regional
characteristics associated with the differences in climatic conditions, forest vegetation, topography, national forestry
legislation, forestry practices and traditions and other specifications.

METHODOLOGY FOR DETERMINING FOREST FIRE RISK
The main objective of the methodology for determining the forest fire risk in the country requires [6, 11, and 12]:
•

clarification of the general characteristics of the terms “fire danger” and “fire risk”;

•

review of the fire activity in Bulgaria and in other countries for determining the forest fire risk character;

•

analysis of the available concepts and methodical approaches in forest fire risk definition;

•

suggestion of methodology for determining and mapping the forest fire risk in the country;
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•

pilot testing and applying of the adopted methodology for determining and mapping the forest fire risk for the
districts on the territory of Bulgaria.

Concepts and definitions related to forest fires used in Bulgaria and other countries
Forest areas can be categorized into three groups:
•

forest land (area) – occupied with forest trees adopted according to the national definition of the term “forest”;

•

other wooded land (area) – occupied with other (specific) vegetation other than the included in the term
“forest”;

•

non-wooded land (area) – these are other areas other than defined by terms “forest” and “other wooded area”,
that are located in forest area or near it, but are not subject to agricultural use.

The sum of the three categories forest areas define the term “total forest area”. Notwithstanding the national and
regional differences this term is used at the international and European level. It has also been adopted in Bulgaria.
Forest land of Bulgaria covers 35.8% of the territory, as 92% is covered by forests and 8% are non-wooded (bare) land.
The term “forest fire” shall mean fire that is spreading in a forest area thus burning forest vegetation. Given the national
differences in the terms “forest area” and “forest vegetation”, the difference in the meaning of the term “forest fire” is
also logical in different countries and regions. In the specialized books in USA, Australia, Russia and also in other
countries forest fires are presented as vegetation fire, part of the group of so called “landscape fires”, which includes
burning of grasslands, pastures, agricultural areas, etc., but not forest areas. Recently, with respect to the analysis of the
causes leading to global climate change so-called natural fire or wild land fire are also added as a factor. The so defined
fires also burn vegetation, without specifying its nature, without specifying the functional use of the territory which
covers. Thus the area covered by the fire includes parks, urban areas, orchards, vineyards, agricultural plantations and
other areas covered with vegetation. Using the general terms in forest fire statistics leads to considerable variation in
data and incorrectness in comparison and evaluations. Therefore data produced by different sources (forest
administrations, fire departments, municipalities, NGOs, etc.) diverge 2 to 4 and more times. The European Forest Fire
Information System (EFFIS) notes that such data are compiled, i.e. they are specified based on the so-called
compilation protocol. For clarity this work shall use the classic term “forest fire” with the following definition:
uncontrolled burning of forest vegetation, which is spread in forest areas and inflicts (causes) direct and/or indirect
damage to forests and forestry.
“Burnt area” is a part of the forest area, which is ablazed by the forest fire. In the literature and statistics of different
countries, this term has a different content, mostly related to the degree of damage to forest vegetation, i.e. the damage
caused by the fire. Therefore terms such as “burnt area”, “destroyed area”, “affected area” or swept by fire, damaged by
fire, etc. may be noted. For the purposes of this work burnt area shall mean forest area or part thereof covered by the
forest fire which has left visible scars on forest plants and/or components thereof. Areas burnt by forest fire are divided
into two categories according to the forestry signs – “wooded” and “non-wooded” areas.
In literature and practice in different countries` and regions` practices the terms “forest fire danger” and “forest fire
risk” are commonly used as equal terms. Notwithstanding the fact that there is certain link between both terms they
have different meaning and origin [1, 4, and 10]. The common term “danger” is defined as a “phenomenon, action or
circumstances that jeopardize the normal state of functioning of a certain system or site” [12]. The so-defined common
term is not directly applicable to the assessment of fire danger in forests because of the diversity of the characteristics of
the fire site – forest vegetation and the impact on this danger by weather, topography, socio-economic, and other
factors. Therefore the meaning of the term forest fire danger is not unambiguous and is not finally clarified. For that
reason multiple systems for fire-danger evaluation exist in Europe and worldwide: The USA, Canada, Russia, Spain,
France, Italy, Germany, Poland, etc., use their own national or adapted other forest fire evaluation systems, including
various and numerous factors [12]. The large number of different national systems and methodologies for identification
and classification of forest areas by fire danger level results particularly results from the geographical differences of
territories and the great inequality in the forest fires distribution in space and time.
Theoretically forest fire danger must include two elements: the probability of fires in a particular territory and
magnitude of the potential damage caused thereby.
Depending on the purpose that it is used for, the definition of forest fire danger” may be reasonably divided into three
separate elements, depending on the origin, character, and parameters of the determinants:
•

fire risk that is determined based by the quantity and activity of sources of ignition leading to the occurrence of
forest fires;
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•

permanent natural fire danger that is determined by the type, quantity and combustible characteristics of forest
vegetation. Fire-danger classes of different sections of the forest area are defined based on this evaluation.
These classes serve as a basis for designing forest fire prevention infrastructure components and parameters
thereof (barrier and sylvicultural hedges, belts, mineralized strips, roads, ponds) and other forestry activities
increasing fire resistance of forests;

•

dynamic (ongoing) fire danger that is determined by meteorological conditions for a certain time period,
defining the so called “fire danger weather”. The dynamic fire danger assessment is used to determine the level
of preparedness of forest and fire services for active fire combating activities and compliance with the forest
fire preventive measures.

The forest fire risk level is а separate, conditionally accepted term, aimed to eliminate differences in the various
national and regional systems for forest fire danger assessment. This term, with reasonable accuracy and consistency,
brings together the aforementioned components of forest fire danger. This generalized fire danger characteristic is used
for evaluations, analyses, comparisons, and for the classification of forest areas by forest fire risk level.
Essentially, the classification of forest areas by forest fire risk level is also a measure and specification of fire activity
therein. Fire activity in forests worldwide is estimated by two clearly defined criteria: the number of fires in a forest
area occurring within for a certain period of the time, and quantity of burnt area therein for the same time period.
In citied literature [10, 13] the forest fire risk level is defined also as “real” or “realized fire danger”. The last note
makes it clear that both terms have the same content, as both cases deal with the same statistically defined indicators
derived that are derived from real fire activity in a forest area.
This study shall use the conditional term “forest fire risk level” taking into account fires occurring in a forest area and
burnt areas thereby for a certain time period. This term complies with the general objective of [3] for the reduction of
the number of fires and the size of burnt areas thereby.

Review of fire activity in Bulgarian forests
European Fire Database (EFD) is maintained and managed by the Joint Research Centre (JRC) with the EC. As of 2013,
data from 39 countries are collected and analyzed in the forest fire database through the EFFIS from 25 EU Member
States, 10 other European states and 4 countries of Middle East and North Africa. JRC publishes annual consolidated
reports with forest fires database for different countries and regions which are members of the information network.
Review of fire activity in Bulgarian forests is based on the official published data from EFD [8]. This specification is
mandatory for comparisons between fire activities in other countries, and is based on data from the same source. The
analysis of forest fire activity in Bulgarian forests include data for the period 1990-2013 – total of 12905 fires occurred,
or 538 average per year [10, 11, 12, 13]. A general analysis of the level of overall national forest area, the parameters of
fire activity in Bulgarian forests and comparisons with the situation in other countries leads to the following general
conclusion. Fire activity in forest areas of Bulgaria is significantly lower than that of traditionally high fire-risk
countries of Southern Europe (Portugal, Spain, Italy and Greece), is close to level of activity in France, but is higher
than in Turkey, Romania, and Germany.

National methodology for determining the forest fire risk
The methodology for determining the forest fire risk in Bulgaria is developed on the basis of the requirements of the
Ordinance on the terms, conditions and bodies for performing analysis, evaluation and mapping of disaster risk [17] and
in conjunction with the implementation of Measure 8.3 from the Rural Development Program 2014-2020 [14].The
concept of forest fire risk is introduced as fire activity assessment in the forests of an administrative unit of the country,
taking into account the average number of fires and burnt average size thereby. This study use the term “forest fire risk
level“ as a function of number of fires and area burnt therein for a given time period. The methodology is based on the
following rules:
•

any administrative unit, that risk assessment is assigned to, is referred to as “district” (NUTS3) in accordance
to Nomenclature of territorial units for statistics (NUTS), applied in Bulgaria and Europe Union [2];

•

the length of historical review of data for risk assessment is 10 years (2006-2015);

•

the number of fires is reported regardless of the size of the area burnt thereby;

•

an area (wooded or non-wooded) is considered burnt if signs of fire are visible on combustible matter in the
living or dead forest;

•

number of classes by risk level – 1, 2 or 3 (Table 1).
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Table 1. Forest fire risk level look-up table [11, 12]
N
1
2
3

Values of the integral indicator R f. risk
R f. risk ≤ 0,1
R f. risk > 0,1 and ≤ 0,3
R f. risk > 0,3

Forest-fire risk level
low
medium
high

Colour
green
yellow
red

Stages and algorithm for assessing forest fire risk [11, 12]
•

general socio-economic characteristics of the district [16];

•

forester specification of the forest areas of the district;

•

assessment of the dynamics in the number of forest fires occurred and burnt areas thereby in the district over
10 years;

•

determining % distribution of forest areas of the district by high fire danger level (I class) according to Forest
management plans [1, 18];

•

determining the fire density R dens. (Formula 1);

•

determining of real combustibility of the forest area (real burnt area) R f. comb. (Formula 2);

•

forest fire risk is determined by the indicator R f. risk , including the numerical values of forest fire density R dens.,
and real combustibility of forest area R f. comb. , according to the formula (Formula 3). The integrated forest fire
risk indicator simultaneously records the number of fires occurring and the size of the area they burnt;

•

forest fire risk level is obtained from the level look-up table (Table 1).
n

Rdens. =

1000∑ N i
i =1

n × F for .area.

, (1)

Where:
R dens., is the average annual numerical value of fire density per 1000 ha (10 km2) forest area, number/years/1000 ha;
Ni – annual number of fires occurred in the forest area, number/years;
n – number of years for the period (10 years);
F for. area – total forest area of the district, ha.
n

R f .comb. =

1000∑ Fburnt .area.
i =1

n × F for .area.

, (2)

Where:
R f. comb., is the average annual numerical value of real combustibility of forest area, ha/year/1000 ha;
F burnt area – annual burnt area in the forest area of the district, ha/years;
n – number of years for the period (10 years);
F for. area – total forest area of the district, ha.
R f. risk = R dens. × R f. comb. , (3)
Where:
R dens., is the average annual numerical value of fire density per 1000 ha forest area, number/years/1000 ha (Formula 1);
R f. comb – the average annual numerical value of real combustibility of forest area, ha/year/1000 ha (Formula 2).

THEMATIC MAPPING AND ANALYSIS OF FOREST FIRE RISK USING GIS
Subject and data
The subject is the territory of Bulgaria (28 districts). A spatial GIS database was built according to the requirements of
National Methodology for Determining the Risk of Forest Fires in Bulgaria [4, 17]. Database includes a base map with
boundaries of the districts (coordinate system WGS 84, UTM 35N) and geocoded general and special forest attribute
data of the level “district”.
Existing data for the risk level assessment of the district level were provided by the National Statistical Institute (NSI)
[16], Executive Forest Agency (EFG) to the Ministry of Agriculture and Food and Regional Directorates of Forestry
[15]. Attribute data include general socio-economic characteristics of the district (current up to end of March 2011)
[16]; forester specification of the forest areas of the district (current up to 31.12.2014) [5]; assessment of the dynamics
in the number of forest fires occurred and burnt areas thereby in the district over 10 years (2006-2015) [15];
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determining % distribution of forest areas of the district by high fire danger level (1-st class) according to Forest
management plans [1, 18].
Data from the forest information system to the EAG (SYSTEM.IAG.BG) [15] were used for the analysis of the fire
activity in the forest territories by districts (Table 2). The assessment of aggregated data and was made for the period
2006-2015, during which a total of 5500 fires occurred on the territory of Bulgaria, burning a total of 88786 ha of forest
area. An assessment was made of the dynamics of the number of forest fires and their burned areas in the area over the
10 year period. Forest fires risk is calculated by formulas (1), (2) and (3) for each district based on fire density, real
burned area, and integrated forest fire risk indicator. Determination of the level of forest fire risk by districts is in
accordance to the adopted 3-step scale.
Table 2. Specialized attribute data of the forest fire risk [11]
N

Districts

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28

Blagoevgrad
Burgas
Varna
Veliko Tarnovo
Vidin
Vratsa
Gabrovo
Dobrich
Kardzhali
Kyustendil
Lovech
Montana
Pazardzhik
Pernik
Pleven
Plovdiv
Razgrad
Ruse
Silistra
Sliven
Smolyan
Sofia
Sofia - grad
Stara Zagora
Targovishte
Haskovo
Shumen
Yambol

Average burnt area per
year as percentage of
the total forest area, %
0,05
0,17
0,17
0,11
1,19
0,46
0,12
0,06
0,01
0,16
0,76
0,26
0,13
0,11
0,47
0,12
0,06
0,01
0,07
0,09
0,02
0,22
0,049
0,36
0,02
0,72
0,04
0,70

Forest fire
density
R dens.
0,09
0,09
0,22
0,10
0,17
0,27
0,09
0,25
0,12
0,18
0,22
0,09
0,15
0,16
0,22
0,17
0,14
0,08
0,08
0,11
0,09
0,14
0,15
0,10
0,05
0,14
0,09
0,10

Real combustibility
of forest area
R f. comb.
0,50
1,66
1,10
1,14
11,92
4,64
1,23
0,64
0,10
1,65
7,61
2,58
1,27
1,14
4,71
1,17
0,59
0,12
0,75
0,92
0,23
2,15
0,49
3,55
0,17
7,17
0,39
6,98

Integral risk
indicator
R f. risk
0,045
0,149
0,242
0,114
2,030
1,253
0,111
0,160
0,012
0,297
1,674
0,232
0,190
0,182
1,036
0,199
0,083
0,010
0,060
0,101
0,021
0,301
0,073
0,355
0,008
1,004
0,035
0,698

Forest areas
classified as 1-st
class fire risk, %
58,0
22,0
3,9
7,46
6,7
5,6
32,4
18,2
67,0
29,1
22,9
41,6
38,1
40,4
8,4
33,3
9,1
6,1
8,3
16,5
41,9
23,2
31,9
25,3
7,4
22,0
11,5
14,5

Risk level
medium
medium
medium
medium
high
high
medium
medium
medium
medium
high
medium
medium
medium
high
medium
low
low
low
medium
low
high
low
high
low
high
low
high

Database and visualization
The integrated database (vector, raster, and attribute data) is created in GIS environment (Figure 1). The database is
processed, mapped and analyzed spatially with MapInfo, Google Earth Pro and QGIS (Figures 2). GIS modules were
used to analyze the risk of forest fires, to combine different forest fire-causing factors, and, as a result, to create a
variety of thematic maps and visualize graphic and non-graphic data of forest fire risk.
The data base (Figure 1) include vector layers – a base map with administrative units (districts as polygon area
objects); country boundary; hydrography; district names; the raster data – open-source satellite data from Bing, Digital
Globe, and Google Earth Pro; and attribute data, organized in four parts (Figure 2):
•

general socio-economic data - number, district name, district name EU, code NUTS, total area of the district,
% of the territory of Bulgaria, population, density; total count of settlements, municipalities, mayoralties;

•

forester specification – total forest area of the district; % of Bulgarian forest land; afforested land, afforestation
of the district as %; coniferous forests, deciduous forests, and non-wooded areas;

•

forest fire activity for the period 2006-2015 – average count of fires per year of the district; average burnt area
per year; average size of a medium fired area; top tree fires of burnt areas %, base tree fires %; average burnt
area per year as percentage of the total forest area;
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•

forest fire risk – forest fire density; real combustibility of forest area; integral risk indicator; forest areas
classified as 1-st class fire risk; forest fire risk level.

Figure 1. Common database of forest fire risk, layers, and attribute data

Figure 2. Visualization with MapInfo, Google Earth Pro, and QGIS

Thematic maps
Various cartographic methods of presentation are used to analyze and illustrate the forest risk fire-causing factors. The
fundamental methods applied in this research are the scale sign method, the line symbols method, and the qualitative
and quantitative background method. Collation and choropleth maps are used for a graphic spatial representation forest
fire risk, statistical data, forester data, which is processed and applied to administrative territorial units (districts).
Collation maps show the distribution of a phenomenon by means of diagrams that are located within the units of the
territorial grid and express the total magnitude of the phenomenon within the borders of each territorial unit (districts).
The choropleth map is a method of showing the average intensity of a particular indicator (average population density,
percentage of forest land, or others) within administrative units. In this case each territorial unit is colored or/and
hachured so that the intensity of the color or hachure indicates the intensity of the risk fire parameter. A set of thematic
maps and diagrams were created (Figures 3f) with GIS tools of the following indicators' distribution across Bulgarian
districts: % forest areas of the district (Figure 3a); % woodiness (Figure 3b); forest fire density (Figure 3c); real
combustibility of forest area of the district (Figure 3d); integral indicator of forest fire risk (Figure 3e), and forest fire
risk level (Figure 4).

Figure 3. Thematic maps and analysis, created with MapInfo Pro
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Figure 4. Map of forest fire risk level by districts
A variety of combined thematic maps were created by 2, 3, or 4 indicators with а 5-level legends:
•

population density of the districts (number/1 km2), number of settlements and municipalities (Figure 5a);

•

% average burnt area per year as percentage of the total forest area, number of settlements and municipalities,
and forest fire risk level (Figure 5b);

•

forest wooded area (ha) and woodiness (%) (Figure 5c);

•

category of forest area (broad leaved forest, coniferous forest, or non-wooded area) and forest areas classified
as 1-st fire risk, % of forest territory (Figure d);

•

fire activity – % forest areas of high fire danger level (1-st class), and type of forest fire (surface, crown)
(Figure 5e);

•

number of fires per year and % average burnt area per year(Figure 5f);

•

real combustibility and fire density of forest area of the district (Figure 5g);

•

wooded area (ha), % forest areas of high fire danger, % average burnt area per year, and average burnt area
(ha) (Figure 5h).

Figure 5. Combined thematic maps

984

Proceedings, 7th International Conference on Cartography and GIS, 18-23 June 2018, Sozopol, Bulgaria
ISSN: 1314-0604, Eds: Bandrova T., Konečný M.

RESULTS
A specialized database was planned with the appropriate graphical and attribute data for determining and analyzing the
forest fire risk level on the territory of Bulgaria. The database was designed for use in a GIS environment.
A database was implemented in GIS to analyze forest first risk. A forest fire risk assessment was completed using
criteria applicable to Bulgaria. Data from all Bulgarian districts was visualized by district and by general, forester and
specialized characteristics necessary for the analysis of forest fire risk. The forest fire risk level was mapped by district.
Specialized attribute data were analyzed and diagrams and other user interactive products were created. Various
cartographic methods were employed in the analysis and presentation of the specialized data via the use of combined
thematic maps describing the forestry characteristics, fire activity, and assessment of forest fire risk.

CONCLUSIONS
In the methodology we analyze the relationships between the various indicators that play a role in determining forest
fire risk in Bulgaria. When processing data in GIS environment, the relationships are analyzed and confirmed
objectively and with substantial proof. New relationships are also discovered in the process. As a result of the GIS
analysis of the forest fires aftermath and forest fire risk in Bulgaria, we can make some general and some specific
conclusions:
•

GIS is an effective technology for assessing forest fire risk; digital processing and spatial analysis of data
provide speedy results and convenience to end users.

•

Forest stands that are categorized as first-class fire danger determine to a great degree the overall forest fire
risk. The average size of burnt forest areas is a more significant indicator for fire risk than the number of forest
fires in a given district.

•

Forestry GIS databases need to be extended to be able to store registered forest fires by location, time/date, and
other criteria that correspond to the reports specification of the National information system
SYSTEM.IAG.BG. Current/short-term and long-term meteorological forecast data could also be included into
the latter GIS databases and used in the assessment of forest fire risk. Forest fire assessment and protection of
forest areas from fires will be more effective if they also make use of forest roads' GIS database data on the
density and location of forest roads and roads for fire-fighter vehicles.

•

Mapping of forest fire risk in a GIS environment should include thematic maps of the four aspects of forest
fires database – socio-economic conditions, forester specifications, forest fire activity, and criteria for forest
fire risk assessment. These thematic maps will improve the analysis and assessment of forest fire conditions
and risk.

•

For each thematic map, there could be a corresponding interactive map (by type of forest areas, by afforested
and non-forested areas, by deciduous and coniferous forest stands, and by first-class fire hazard stands, and
more), which are adapted for use on mobile devices by forestry specialists working on the field. Thus, the
results of thematic mapping will be benefit directly the work of authorized units and volunteers in the event of
fires in forest areas.
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