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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. 
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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 well-
arrange 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 web-
based, 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 
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 

Figure 3 Identification of approximatly location of haistorm 
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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. 

𝑃𝑃𝑃𝑃 = �
8

500
∗ S�

−1
   (1)      

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 Web-
Oriented 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 

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

273



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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