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SUMMARY 

 
 

The article demonstrates the use of remote sensing and spatial analysis methods in ArcGIS to detect 

land cover changes in the suburban area of Ivano-Frankivsk over 20 years (from 2004 to 2024). The 

main materials for the study were Landsat 5, Landsat 8, and Sentinel-2 satellite images. These data 

made it possible to analyze changes in land use and landscapes using geoinformation methods. Six 

land classes were identified using the maximum likelihood method: built-up areas, forests, water 

bodies, agricultural land, pastures, and open land. The symmetric difference operation was used to 

detect changes in development over different periods. The expansion of built-up areas and changes in 

the nature of land use in the suburban area were confirmed using remote sensing data. The areas with 

the most intensive growth of development are identified: villages within a 5-km radius within the 

Ivano-Frankivsk city community. The obtained results confirm the relevance of further research on 

suburbanization processes and the need to develop effective spatial development management 

strategies, considering the environmental impact of human activity. 
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Introduction 

 

Cities have always been significant centers of influence on all components of the environment: 

atmospheric air, soil, water network, etc. In the suburban area, this impact is particularly noticeable, 

as alongside agricultural development of the territory, there is a spatial expansion of cities, 

development of open areas, and infrastructure development as a result of suburbanization processes. 

These changes have not only spatial manifestations but also consequences in the economic, 

environmental, and social spheres. The analysis of remote sensing data using geoinformation methods 

in ArcGIS allows us to identify, assess, and predict them. Identifying these changes is important for 

the spatial planning of suburban areas and their efficient use with the least negative impact on the 

environment. The purpose of the article is to show the possibilities of processing remote sensing data 

using GIS methods to track the dynamics of built-up areas in the suburban area of a large city in the 

example of Ivano-Frankivsk.  

 

Method and Theory 

 

An effective study of cities, urban networks, and urbanization processes in a region is impossible 

without the use of GIS technologies (Zahriichuk & Lozynskyy, 2023). Suburban areas as the 

intersection of urban and rural spaces, as well as the change of landscapes in them due to the constant 

expansion of cities, are a popular topic for scientific research around the world. In particular, the latest 

works by foreign scholars focus on the peculiarities of spatial and social transformations in the 

suburban area (Hutchins, 2022; Vollman, 2023), changes in land use due to urban sprawl (Salem & 

Tsurusaki, 2024), and the impact on biodiversity (Sahani & Raghavaswamy, 2018), etc. In Ukraine, 

O. Denysenko (2012), K. Mezentsev and N. Mezentseva (2017) have recently studied the issues of 

suburbanization, its trends and social aspects.  

 

A study of the suburban area of Ivano-Frankivsk was conducted in the early 2010s by R. Slyvka and 

I. Zakutynska. In particular, they found that the territorial structure of the suburban zone is shaped by 

urbanization processes of varying intensity, as well as defined the boundaries of the city's suburban 

zone and characterized the change in the lifestyle of suburban residents (Zakutynska, 2011; Slyvka & 

Zakutynska, 2017). In this study, formalization and cluster analysis methods were used, and the 

justification of the boundaries of suburbanized zones was carried out by mathematical and 

cartographic modeling (based on the indicator of the tension of the field of demographic influence). 

 

According to the model developed by the authors, the suburban area of Ivano-Frankivsk has the 

following levels:  

1.) the territory of the city council, where there are the closest agglomeration ties and the 

urban lifestyle is most pronounced; 

2.) the outer suburban area, which is formed as a result of suburbanization and urbanization 

processes; 

3.) buffer suburban zone, where there is a conditional balance between urban and rural 

lifestyles; 

4.) peripheral suburban area with low-intensity suburbanisation and urbanisation processes; 

5.) the territory of perspective growth of the suburban zone, where rural lifestyle with 

elements of urban life prevails and area urbanization is taking place. 

 

I. Zakutynska considers the growth of the urban population to be a true sign of suburbanization in 

Ivano-Frankivsk, which is due, in particular, to the city's absorption of the suburban zone and the 

approximation of living conditions in these settlements to those in the city and the construction of 

apartment buildings in satellite cities. 

 

In our study, we used Landsat 5, Landsat 8, and Sentinel-2 satellite images for three periods to track 

the dynamics of built-up areas: 2004, 2014 and 2024. The study area includes 77 settlements located 

within a radius of 20 km from Ivano-Frankivsk. The basis for the allocation of territory types was the 

Global Land Use/Land Cover Map (LULC), obtained from ESA Sentinel-2 imagery with a resolution 
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of 10 m (ESRI, 2024). To distinguish different types of territory on the satellite images, the spatial 

analysis tool Maximum Likelihood Classification was chosen, followed by data reclassification and 

vectorization. The tool analyses the position of a pixel in the spectral feature space and compares it 

with a certain class of ground objects. In this way, the tool allows you to distinguish between spectral 

images. To obtain them, the supervised classification uses signatures ˗ reference areas of the satellite 

image that best represent certain thematic classes. The recognition algorithm uses the pixel values of 

each signature for training: during the recognition process, each pixel of the image is sequentially 

compared with the standards and classified into a particular type (Dovhyi, 2020). 

 

As a result of the supervised classification, the selected area was divided into built-up areas, forests, 

water bodies, agricultural land (crops), meadows (rangeland), and bare land. The latter class includes 

sand quarries and alluvial deposits in the beds of the Bystrytsia Nadvirna and Solotvynska rivers. 

Green areas within Ivano-Frankivsk are also shown as built-up areas, so this tool does not allow for a 

proper measurement of the built-up area, but rather serves to demonstrate the possibilities for a 

generalized display of the development trends in the suburban area.  

 

To visualize spatial changes in the built-up area, we used overlay analysis tools, in particular the 

Symmetrical Difference operation. Its feature is to identify those functions that are common to the 

input layer or the overlay layer, but not to both. Thus, only those areas that appeared during the study 

period between 2004 and 2024 are displayed. 

 

Results 

 

During the study period (20 years), the most noticeable changes occurred in the vicinity of Ivano-

Frankivsk in the northern and southern directions (Fig. 1).  

 

 
Figure 1. Dynamics of the built-up area of the suburban zone of Ivano-Frankivsk.  

Settlements with the highest growth of built-up area within the 5-km zone: 1. Uhryniv; 2. Vovchynets; 

3. Pidluzhzhya; 4. Uhornyky; 5. Mykytyntsi; 6. Khryplyn; 7. Krykhivtsi; 8. Pasichna neighborhood; 

within 10-km of the sub-zone: 9. Yamnytsia; 10. Pidpechery. 
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The largest increase in the built-up area was in the adjacent villages of the 5 and 10-km zone: Uhryniv, 

Uhornyky, Mykytyntsi, Khryplyn, and Vovchynets, especially in the northern suburbs and on the left 

bank of the Dniester. The territory of PJSC Ivano-Frankivskcement in Yamnytsia has significantly 

increased due to its modernization in 2008-2014. Pidluzhzhya and Pidpechery in the eastern direction. 

Tysmenytsia is not marked by significant changes. The most intensive development within Ivano-

Frankivsk was in the Pasichna neighborhood, which today is characterized by the largest number of 

new buildings in the city (Fig. 2). This was facilitated by the distance from the densely built-up city 

center, proximity to green areas and water bodies, as well as the development of transport 

infrastructure in recent years (buses and trolleybuses to the regional hospital, bus station-2 and 

Production Association "Karpaty"). 

 

                        a.)                                                      b.)                                                 c.) 

Figure 2. Pasichna neighborhood in 2004 (a), 2014 (b) and 2024 (c) (Source: Google Earth Pro) 

 

Among the new buildings, cottage development ('cottage towns') is becoming increasingly popular. 

Most of them have appeared in the northern and southern suburbs of Ivano-Frankivsk (Krykhivtsi and 

Vovchynets) (Fig. 3). Notable changes have also occurred in the nature of agriculture. As of the 

beginning of the study period, agricultural land was represented by small plots of land occupied by 

various crops, which residents used mainly for their consumption. Today, these are large areas leased 

by agricultural holdings and sown with sunflower, rapeseed or corn.  

                        a.)                                                                                      b.) 

Figure 3. Location of new buildings (a) and “cottage towns” (b) in Ivano-Frankivsk and the 

surrounding area (source: LUN) 

 

The above changes may have negative consequences for the environment. The rotation of the above-

mentioned soil-depleting crops on plowed land may have a negative impact on yields in the future. 

The area to the north of Ivano-Frankivsk is characterized by increasingly steep slopes, so plowing 

large areas of land here could lead to increased surface runoff with further soil degradation. There is 

also a decline in the fishing industry in Tysmenytsia, as most of the ponds on the territory of the fish 

farm have been turned into swamps or drained. The former agricultural land is now used for solar 

panels, covering a total area of 1.62 km2. 

 

Conclusions 

 

During the study period, the most intensive changes in the built-up area of the suburban zone of 

Ivano-Frankivsk occurred within a 10-km radius of the city center. This includes the villages of 

Vovchynets, Krykhivtsi, Mykytyntsi, and Pidluzhzhia, which belong to the Ivano-Frankivsk city 
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community. Within the city, the southern and eastern parts of the city (in particular, the Pasichna 

neighborhood) have developed significantly, with a growing number of new buildings. The methods 

of remote sensing data processing with subsequent spatial analysis in ArcGIS used in this study will 

allow for a more detailed study of the suburban area of Ivano-Frankivsk. For example, to calculate the 

area of buildings, arable land, forests, etc. in different sub-zones, as well as to predict the 

consequences of the identified changes for the development of the entire region. 
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