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SUMMARY 

 
 

The dynamics of changes of the landscapes land cover structure of the Chernobyl nuclear power plant 

exclusion zone were traced based on the data of remote sensing of the earth for three time slices - 1992, 

2018 and 2023.The factors of such changes are processes of natural landscape successions and various 

anthropogenic influences on landscapes. Natural restoration of landscapes dominates here. The human 

impact on landscapes is the result of the territory decontamination, the construction of confinement and 

storage of radioactive waste, fires in forests and fallows, the consequences of the occupation of this 

territory by Russian troops in February-March 2022. Such changes in landscapes are recorded on high-

resolution satellite images. The methods of deciphering satellite images are considered. The data from 

the nature observations are used to calculate multispectral indices, to determine other indicators. The 

quality and detail of the ground-based observations ensure the correctness of graphical sampling and 

the reliability of the results obtained. The model polygon for processing methods of decoding satellite 

images of Landsat and Sentinel by GIS was selected within the exclusion zone of the Chornobyl NPP. 

This choice is due to the availability of its own results of a long series of observations, a large array of 

data on landscapes of the exclusion zone and the relevance of studying the contemporary changes of 

landscapes in the area. The obtained methodical results and formed graphic samples can be correctly 

used in the semi-automatic deciphering of the landscapes of the Ukrainian Polissia and other natural 

zones of Ukraine. 
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Introduction 

 

Natural restoration processes and anthropogenic landscape changes are factors that change the land 

cover structure in the exclusion zone of the Chornobyl NPP. Natural changes are successional 

processes in landscapes. They occur as a gradual, multi-stage formation of natural plant 

communities in place of artificial ones: monoculture pine forests, agrocenoses, former settlements 

(Sorokina, Petrov, Nazarchuk, 2020). Changes in soil formation processes are also observed. This 

is the next stage of landscape succession. For example, researchers recorded the formation of 

meadow coenoses and meadow soils in the place of soddy podzolic soils on fallows (Didukh, 

Pashkevych, Kolomiychuk & Vyshnevskiy, 2023). Anthropogenic changes in the landscapes of the 

exclusion zone are a consequence of the decontamination of the territory, the construction of 

confinement and storage facilities for radioactive waste, fires in forests and fallows. Certain 

changes in the landscape are also caused by the occupation of the exclusion zone by russian troops 

in February-March 2022 (arrangement of fortifications - trenches, caponiers, etc.). Most of these 

changes in landscapes can be recorded on high-resolution satellite images. The reliability of the 

interpretation of satellite survey materials depends on the available array of natural data, on the 

degree of their detail in the development and calculation of various coefficients and indicators of 

the state of the earth's surface, in the formation of graphic samples (ROI).  

 

Method and Theory 

 

For the correct interpretation of satellite images, "they usually look for the best relationship 

between the actually measured data and the data received by the satellite" (Burtniak et al., 2018; 

Vyshnevskyi, Shevchuk, 2018). Various methods and techniques for obtaining and processing 

satellite images, methods of computer classification of objects are based on knowledge of the 

properties of natural objects, in particular, indicators of their spectral brightness (Havrylenko, 

Tsyhanok, 2018). Quantitative and qualitative characteristics of the studied objects are important 

when deciphering remote sensing materials. Materials of field studies of landscapes, thematic and 

topographic maps, other results of ground observations are a mandatory source of information for 

testing and processing satellite images. The quality of the obtained results depends on the provision 

of the territory with ground observation data (Sorokina, Petrov, Nazarchuk, 2020). Such data are 

important when analyzing the current state and dynamics of changes in even well-visualized land 

cover characteristics on satellite images. A comparative analysis of changes in landscape 

complexes of the tract rank was performed based on the data of different time (1992, 2018, 2023) 

materials of remote sensing of the Earth and the data of ground observations. Decoding of Landsat 

and Sentinel space images was performed using semi-automatic classification methods (Semi-

Automatic Classification Plugin) in the QGIS program. The level of reliability (accuracy) of the 

obtained data on changes in the landscapes of the model landfill in the exclusion zone of the 

Chernobyl nuclear power plant was analyzed. Quantitative analysis of land cover changes in 

landscapes of different types was performed. The purpose of the publication is to present the 

obtained data. The task of studying and forecasting the dynamics of the landscapes of the 

contaminated territory of the exclusion zone of the Chernobyl nuclear power plant is to clarify their 

current state, to determine the possibilities of restoration of certain limited types of nature use in 

this territory. Studies of the landscapes of the exclusion zone of the Chernobyl nuclear power plant 

using satellite images are provided with the data of many years of observations. Scientif ic and 

research developments of the team of landscape scientists of the Institute of Geography of the 

National Academy of Sciences were used. Data on the current state of landscapes and biotopes are 

recorded on the landscape map of exclusion zone (author A. Splodytel), published on the website 

of the Chernobyl Radiation and Ecological Biosphere Reserve (Modern landscapes of the 

Chernobyl Radiation and Ecological Biosphere Reserve, 2023). The territory of the exclusion zone 

was chosen as the base for working out methodical methods of GIS analysis of remote sensing data 

on landscape changes. The high reliability of the formed graphic samples (ROI) is ensured by the 

use of ground research data, a map of anthropogenic landscape changes and modern data on the 

landscapes of the exclusion zone of the Chornobyl NPP (Davydchuk, 1991; Davydchuk, 1999; 

Modern landscapes of the Chernobyl Radiation and Ecological Biosphere Reserve, 2023). 
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Examples 

 

Table 1 shows the ratio of classification units for the recognition of land cover characteristics with the 
legend of the indicated map, illustrating the decrease in the detail of deciphering features obtained when 
using the QGIS program. 
 
Table 1. Correlation of Land cover units classifier with the legend units of the map of anthropogenic 

landscape changes 
Land cover units classifier Legend units of the map of anthropogenic landscape changes 

Artificial surfaces 

Urban fabric, industrial, 
commercialand transport units 

Towns 

Industrial area 

Villages (rural territories) Villages 

Demolished settlements 

Mine, dump and construction 
sites 
 

Deposited sand 

Dams  

Roads 

Open areas 

Open spaces Lost «red» forest 

Removed soils 

Lost, stubed and removed «red» forest and removed soils 

Fireland  Fireland 

Agricultural areas and fallow lands 

Arable lands   Agrocenoses on non-drained lands (non-reclarтated) 

Arable lands drained Agrocenoses  on drained lands 

Long-fallow non-drained lands Long-fallow non-drained lands 

Long-fallow drained land Long-fallow drained lands 

Forestland seminatural areas 

Deciduous forests: 

Deciduous forests  Hornbeam-oak with admixture of pine and linden euonymous-hazelous aise -weedous 
–sedgeous 

Hornbeam-oak with admixture of maple and ash hazelous  

Humid ash-hornbeam-oak hazelous geumous-filipendulous  

Oak-hornbeam ·aise-weedous-sedgeous 

Moistleafy forests  Aspen-birch bilberry-juniperous 

Alder marshy forests 

Mixed forests: 

Mixed forests Oak-pine hazelous grassy 

Oak-hornbeam-pine fern-sedgeous 

Pine-birch gramineae-herbaceous  

Mixed moist forests Marchy birch-pine sedge-mossy (Sphagnum) 

Coniferous forests: 

Coniferous forests 
 

Pine xerophyto-lichenous 

Pine whortle berry-green-mossy (Dicranum) 

Coniferousmoist forests Humid pine bilberry-mossy (Juniperus)  

Bushes 

Bushes Pussy-willowous gramineous 

Xerophytous low-grass with willowous shrubs  

Forb -grassy with willowous shrubs 

Waterbodies Grass -Legume-forby  with willowous shrubs  

Complex:Forb-grassy and sedge-hygrophyte forb-high-grassy    with willowous shrubs  

Meadow lands 

Dry meadows Dryland meadows: Gramineae-xerophytous; Gramineae-legume-hygrophyte forby 

Buttomland meadows: Pioneer phytocenoses; Xerophytous low–grassy;Forb–grassy; 
Grass -Legume-forby.  

Moist meadows 
 

Buttomland moist meadows:Complex:Forb-grassy and sedge-hygrophyte forb-high-
grassy, with willowous shrubs 

Wetlands 

Wetlands Grass-sedgeous bogs  

Sedge-reedous bogs 

Waterbodies 

Waterbodies Rivers 

Ponds and reservoirs 
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On the basis of the data of satellite image decoding (Fig. 1), the calculation of areas with different 
characteristics of land cover for the territory of the model landfill as a whole and for all types of 
landscape complexes of the studied territory was performed. The obtained results showed the following 
main regularities (Fig. 2): 

• transformation of artificial oak-pine forests and the formation of sparse pine forests and 

meadow coenoses in their place;  

• increase in the area of small-leaved tree species - mainly at the site of demolished settlements 

and in the floodplain of the Pripyat River; 

• the increase of territories with dry and wet meadows, they are formed in the place of perennial 

fallows, as well as when the area of artificial forest plantations decreases; 

• as a result of decommissioning the cooling reservoir, the area of the water surface decreases (2018 

- approximately twice, 2023 - three times) and the formation of open areas not secured by vegetation, 

fragments of meadow coenoses and areas with woody vegetation - small-leaved and pine. 

 

   

1992 2018 2023 

 urban and 
industrial area; 

 removed soil,  dams, 
roads; 

 moistleafy forests; 

 mixed forests;  coniferous forests;  dryland and buttomland 
meadows. 

 moist meadows;  waterbodies;   

Figure 1 Exclusion zone of the Chernobyl nuclear power plant (fragment). Visual changes in the land 

cover of landscapes according to the data of deciphering satellite images at various times. 

 

 

Figure 2 Proportion of various types land cover of 

landscapes according to the data of deciphering satellite 

images at various times: 

1.  Urban area and industrial area; 2.  Removed soil, 

dams, roads; 3. Long-fallow non-drained lands; 4. Long-

fallow drained lands; 5.  Moistleafy forests; 6. Moistleafy 

forests on the site of demolished settlements; 7.  Mixed 

forests; 8.  Coniferous forests; 9.Coniferous forests on 

the site of demolished settlements; 10. Dryland and 

Buttomland meadows; 11.Dryland and Buttomland 

meadows on the site of demolished settlements; 12. Moist 

meadows; 13. Moist meadows on the site of demolished 

settlements; 14.  Waterbodies 

 

Patterns of land cover changes for landscapes of various types have been revealed. For example, for the 

sand terrace of the Pripyat River, where the industrial zone of the Chornobyl NPP is located, the 

processes of decay of artificial pine-oak plantations (reduction of their area from 16.3% to 3%) are 

typical. Pine forests have been preserved here, as a result of the natural regeneration of pine, there is a 

gradual increase in forest areas (from 38 to 40%). Part of this terrace, previously occupied by urban 

development, is deciphered as meadow coenoses and partly as areas of forest vegetation. On the low 

terraces of the Pripyat River with peat soils, fallows in conditions of excessive moisture dominated (in 

1992 – 87% of the area of the mentioned tracts within the analyzed area) with forest fragments of alder 

and willow (about 13% of the area of such landscapes). Today, more than 50% of such terraces are 

identified as wet meadows. They were formed as a result of the natural recovery of moisture conditions 

and soil and plant cover on the fallows; the share of alder forests increased to 35 %. 
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Conclusions 

 

The analysis of the land cover of the exclusion zone of the Chernobyl nuclear power plant based on the 

data of satellite images of various times (1992, 2018 and 2023) demonstrates the dominance of the 

processes of natural restoration of landscapes. The modern anthropogenic impact on landscapes is also 

recorded within the industrial territories where the construction of a storage facility for radioactive waste 

is underway. The methodological content of this study consists in the use of satellite images of various 

times to analyze the dynamics of landscapes of man-made disaster zones over a long period (more than 

30 years). An important methodological aspect of the research is the use of ground observation data for 

the correct identification of land cover characteristics. The reliability and accuracy of the data obtained by 

semi-automatic deciphering of natural coenoses and anthropogenic landscape changes is determined by 

the correctness of the selection of graphic samples (ROIs) formed from the data of ground observations. 

Graphic samples isolated during processing of the model training ground of the Chernobyl Nuclear Power 

Plant Exclusion Zone can be correctly used in the semi-automatic decoding of landscapes of natural zones 

of Ukraine, primarily - Ukrainian Polissia. The relevance of the study of changes over time and the current 

state of landscapes of the Exclusion Zone of the Chernobyl NPP is due to the importance of preserving 

and restoring the landscapes, the ability of this territory to perform buffer functions. 
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