
MAPPING OF BUILT-UP AREA DYNAMICS OVER THE PAST 30 
YEARS IN THE PRINCIPAL CITIES OF SOUTHERN CHILE 

BASED ON LANDSAT IMAGERY 

Konstantin Verichev1,2, Polina Mikhaylyukova3, Alisa Salimova4, Cristian 
Salazar5 and Manuel Carpio6,* 

1MSc, researcher of Faculty of Engineering Sciences, Universidad Austral de Chile, Valdivia, 
Chile, Email: konstantin.verichev@uach.cl 
 
2PhD student of Department of Civil Engineering, Universidad de Granada, Granada, Spain 
 
3PhD, researcher of Faculty of Geography, Lomonosov Moscow State University, Moscow, Russia 
 
4PhD student of School of Environment, Tsinghua University, Beijing, China 
 
5Eng., professor of Faculty of Economic and Administrative Sciences, Universidad Austral de 
Chile, Valdivia, Chile 
 
6PhD, professor of Department of Construction Engineering and Management, School of 
Engineering, Pontificia Universidad Católica de Chile, Santiago, Chile (corresponding author* 
Email address: manuel.carpio@ing.puc.cl) 

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. 
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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 Pan-
American 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. 

An analysis of the dynamics of the urban development of these 
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? 

  

Figure 1 Geographical location of studied 
cities 
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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 

31.01.2007 

26.01.2017 

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 near-
infrared (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 1986-
2017) 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. 

ACKNOWLEDGMENTS 

This work was funded by the following research project: CONICYT FONDECYT 11160524 

REFERENCES 

Barrientos, C., Mattar, C., Nakos, T. and Perez, W.: Radiometric Cross-Calibration of the Chilean Satellite FASat-C Using RapidEye 
and EO-1 Hyperion Data and a Simultaneous Nadir Overpass Approach, Remote Sens., 8(7), 2016. 

Borsdorf, A.: El desarrollo urbano de Valdivia: Estudio de caso en una ciudad mediana, Espac. y Desarro., 1(12), 45–81 [online] 
Available from: http://www.revistas.pucp.edu.pe/index.php/espacioydesarrollo/article/view/8089, 2000. 

ESRI: ArcGIS, [online] Available from: http://www.esri.com/arcgis/about-arcgis (Accessed 18 April 2017), 2017. 

Jiang, B. and Yao, X., Eds.: Geospatial Analysis and Modelling of Urban Structure and Dynamics geospatial analysis and modeling , 
and it includes visual analysis Contains a foreword by Michael Batty, Springer Netherlands., 2010. 

Kim, J. and Jung, H.: Landsat TM / ETM + 위성영상을 활용한 칠레 Southern Volcanic Zone의 화산과 적설변화와의 상관성 
연구 Application of Landsat TM / ETM + Images to Snow Variations Detection by Volcanic Activities at Southern Volcanic Zone , 
Chile, , 33(3), 87–99, 2017. 

Latorre, C., Camacho, F., Mattar, C., Santamaría-Artigas, A., Leiva-Büchi, N. and Lacaze, R.: Obtención de mapas verdad-terreno de 
LAI, FAPAR y cobertura vegetal a partir de imágenes del satélite chileno FASat-C y medidas in-situ en la zona agrícola de 
Chimbarongo, Chile, para la validación de productos de satélite., Rev. Teledetec., 2016(47), 51–64, doi:10.4995/raet.2016.5691, 
2016. 

Lavanderos, L., Pozo, M. E., Pattillo, C. and Miranda, H.: Landsat image and sample design for water reservoirs (Rapel dam Central 
Chile), Environ. Monit. Assess., 14(1), 9–22, doi:10.1007/BF00394354, 1990. 

Locher-Krause, K. E., Volk, M., Waske, B., Thonfeld, F. and Lautenbach, S.: Expanding temporal resolution in landscape 
transformations: Insights from a landsat-based case study in Southern Chile, Ecol. Indic., 75, 132–144, 
doi:10.1016/j.ecolind.2016.12.036, 2017. 

Masek, J. G., Lindsay, F. E. and Goward, S. N.: Dynamics of urban growth in the Washington DC metropolitan area, 1973-1996, 
from Landsat observations, Int. J. Remote Sens., 21(18), 3473–3486, doi:10.1080/014311600750037507, 2000. 

MINVU: Planes Reguladores, [online] Available from: http://www.minvu.cl/opensite_20150529180447.aspx (Accessed 8 April 
2018), 2018. 

Montoya-Tangarife, C., De La Barrera, F., Salazar, A. and Inostroza, L.: Monitoring the effects of land cover change on the supply of 
ecosystem services in an urban region: A study of Santiago-Valparaíso, Chile, PLoS One, 12(11), 1–22, 
doi:10.1371/journal.pone.0188117, 2017. 

Ojeda, N., Sandoval, V., Soto, H., Casanova, J. L., Herrera, M. A., Morales, L., Espinosa, A. and San Martín, J.: Discriminación de 
bosques de Araucaria araucana en el Parque Nacional Conguillío, centro-sur de Chile, mediante datos Landsat TM, Bosque 
(Valdivia), 32(2), 113–125, doi:10.4067/S0717-92002011000200002, 2011. 

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

815



Peña, M. a.: Examination of the Land Surface Temperature Response for Santiago, Chile, Photogramm. Eng. Remote Sens., 75(10), 
1191–1200, doi:10.14358/PERS.75.10.1191, 2009. 

Peña, M. A. and Brenning, A.: Assessing fruit-tree crop classification from Landsat-8 time series for the Maipo Valley, Chile, 
Remote Sens. Environ., 171, 234–244, doi:10.1016/j.rse.2015.10.029, 2015. 

Prudhvi Raju, K. N., Kumar, S., Mohan, K. and Pandey, M. K.: Urban cadastral mapping using very high resolution remote sensing 
data, J. Indian Soc. Remote Sens., 36(3), 283–288, doi:10.1007/s12524-008-0029-8, 2008. 

Rojas, C., Páez, A., Barbosa, O. and Carrasco, J.: Accessibility to urban green spaces in Chilean cities using adaptive thresholds, J. 
Transp. Geogr., 57, 227–240, doi:10.1016/j.jtrangeo.2016.10.012, 2016. 

Sarricolea, P. and Martín-Vide, J.: El estudio de la Isla de Calor Urbana de Superficie del Área Metropolitana de Santiago de Chile 
con imágenes Terra-MODIS y Análisis de Componentes Principales, Rev. Geogr. Norte Gd., 141(57), 123–141, doi:10.4067/S0718-
34022014000100009, 2014. 

USGS: Landsat Missions: Imaging the Earth Since 1972, [online] Available from: https://landsat.usgs.gov/landsat-missions-timeline 
(Accessed 9 April 2018), 2018. 

Yuan, F., Sawaya, K. E., Loeffelholz, B. C. and Bauer, M. E.: Land cover classification and change analysis of the Twin Cities 
(Minnesota) metropolitan area by multitemporal Landsat remote sensing, Remote Sens. Environ., 98(2–3), 317–328, 
doi:10.1016/j.rse.2005.08.006, 2005. 

BIOGRAPHY  

Konstantin Verichev is assistant of professor and researcher in Institute of Civil Engineering, Universidad Austral de 
Chie, Valdivia, Chile and PhD student in Department of Civil Engineering, Universidad de Granada, Spain. Scientific 
interests: Building climatology, Urban planning, Urban Heat Islands 

Polina Mikhaylyukova is professor and researcher in Department of Cartography and Geoinformatics, Lomonosov 
Moscow State University, Russia. Scientific interests: Mapping, Satellite data, Remote sensing. 

Alisa Salimova is PhD student of School of Environment, Tsinghua University, Beijing, China. Scientific interests: 
Hydrology modeling, Ecology, Mapping 

Cristian Salazar is professor and director of the school of Audit of Faculty of Economic and Administrative Sciences, 
Universidad Austral de Chile, Valdivia, Chile. Scientific interests: Big data analysis and Information Systems  

Manuel Carpio is professor of Department of Construction Engineering and Management, School of Engineering, 
Pontificia Universidad Católica de Chile, Santiago, Chile. Scientific interests: Energy building, Building climatology, 
LCA. 

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

816


	(89)_7_ICCGIS_2018_paper_117
	MAPPING OF BUILT-UP AREA DYNAMICS OVER THE PAST 30 YEARS IN THE PRINCIPAL CITIES OF SOUTHERN CHILE BASED ON LANDSAT IMAGERY




