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SUMMARY 

This study presents a spatial-temporal analysis of changes in forest cover and forest shelter belts in 
Zaporizhzhia Oblast under the influence of military factors using Earth remote sensing (ERS) data 
and geographic information systems (GIS). The relevance of the research is determined by the 
increasing scale of forest ecosystem degradation resulting from combat operations, fires, explosive 
damage, soil cover disturbance, and changes in the natural resource use regime. 
The information base consisted of satellite images of medium and high spatial resolution, which 
enabled determination of forest area dynamics, localization of damage centers, and assessment of 
transformation intensity during different periods of military impact. Methods of multi-temporal 
analysis, index-based vegetation condition assessment (NDVI and derivatives), spatial modeling, and 
change mapping were applied. 
As a result, the main trends in reduction and fragmentation of forest areas were established, territories 
with the highest level of anthropogenic-military load were identified, and potential zones of further 
degradation risk were delineated. The obtained results can be used for developing forest ecosystem 
restoration measures, improving environmental monitoring systems, and making management 
decisions in the field of regional environmental security. 
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Introduction 
 
Forest ecosystems are an important component of the natural environment, performing soil protection, 
water conservation, climate regulation, and biodiversity functions. For the steppe regions of Ukraine, 
particularly Zaporizhzhia Oblast, forest-covered areas have special significance as an element of 
landscape ecological stability, wind erosion reduction, microclimate formation, and agricultural 
landscape productivity maintenance. At the same time, their share in the regional land use structure is 
relatively small, which increases the vulnerability of forest areas to anthropogenic and natural factors. 
Full-scale military operations have caused significant transformations of natural territories, 
particularly forest plantations. Fires, mechanical damage, mining, infrastructure destruction, and 
restricted access to forestry activities have led to changes in the structure, area, and spatial 
configuration of forest-covered territories. Under such conditions, the need for rapid and objective 
assessment of the scale and dynamics of these changes becomes particularly relevant. 
An effective research tool is the use of Earth remote sensing (ERS) data in combination with 
geographic information systems (GIS), which provide the capability for multi-temporal analysis, 
mapping, and quantitative assessment of forest cover transformations. The spatial-temporal approach 
enables identification of change patterns, determination of the centers of greatest military impact, and 
formation of an information basis for subsequent restoration and ecological management of the 
territory. 
Modern satellite forest fire monitoring systems enable (Chetverikov & Kalynych, 2022; Osadchyi et 
al., 2023): monitoring of the forest fire situation; assessment and provision of information on forest 
fire parameters; detection of smoke zones and areas from forest fires; detection of forest fires at 
different stages of their development. 
The FIRMS (Fire Information for Resource Management System) service was developed at the 
University of Maryland and is supported by the National Aeronautics and Space Administration 
(NASA). The system uses publicly available satellite imagery. 
 
Method and Theory 
 
The research materials consisted of open data from the State Environmental Inspection, the State 
Emergency Service, the Fire Information for Resource Management System (FIRMS), Global Forest 
Change (GFC), as well as freely available satellite images (Sentinel-2, Landsat 8/9). The research was 
conducted during 2023-2025. 
Research methods: geoinformation methods (GIS analysis) – applied for spatial data processing and 
mapping of damaged areas; Earth remote sensing methods – used for detecting forest area 
transformations, analyzing vegetation indices (NDVI), and identifying degraded and disturbed areas 
in dynamics; statistical and comparative methods – applied for analyzing obtained results and 
establishing patterns of indicator changes. 
The following methodologies were used in the study: analysis of forest cover losses using ERS 
methods (Hansen et al., 2013); analysis of forest fires based on ERS data (SRNA Syamala et al., 
2021). 
 
Results 
 
Based on FIRMS MODIS product data (Terra, Aqua) (Giglio et al., 2016), a map scheme of fire 
distribution across Zaporizhzhia Oblast was compiled. Analysis of the map scheme enables 
determination of spatial and temporal patterns of fire distribution. Under combat conditions, the 
application of satellite monitoring tools can be considered virtually the only alternative method for 
obtaining relatively reliable data. 
To demonstrate an example of thermal anomaly (fire) distribution analysis, we selected the following 
time frame – September 1-30, 2025 (Fig. 1). The spatial distribution of fires can be clearly classified 
into two categories. The first is associated with the line of contact with the enemy, while the second is 
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located in the interior of Ukrainian territory. When increasing the scale, we can observe specific fire 
locations. This is where the main limitation of FIRMS becomes evident, related to the low spatial 
resolution of the source images. 

 
Figure 1 Fire distribution within Zaporizhzhia Oblast according to FIRMS service data (September 
2025). 
 
The next system providing data on the reduction of forest plantation areas is Global Forest Change 
(GFC). This is a development of the Department of Geographical Sciences at the University of 
Maryland, which presents results of Landsat time-series image analysis characterizing forest area and 
changes (Hansen et al., 2013; Skyba et al., 2024). 
The data obtained from the Global Forest Change system provide an understanding of the spatial 
distribution of forest plantations (Fig. 2 A) and forest plantation area losses (Fig. 2 B). This system 
also has similar problems to the previous one: low spatial resolution of source images. 
As of the period before the full-scale aggression, the share of forest-covered territories within 
Zaporizhzhia Oblast remained critically low – approximately 11 thousand hectares, representing only 
0.42% of the region's total area. This indicator reflects the general specificity of Ukraine's steppe 
zone, where forest ecosystems are fragmented in nature and perform primarily protective and eco-
stabilizing functions. 
According to analytical materials from the Global Forest Change platform (Hansen et al., 2013), after 
2022 the dynamics of changes acquired a sharply negative character. In 2024 alone, natural forest 
losses reached 430 hectares. According to carbon balance estimates, this is equivalent to the release of 
approximately 81 thousand tons of CO2 into the atmosphere, which enhances the regional contribution 
to climate change and reduces the potential for natural greenhouse gas absorption. Cumulatively, 
since 2022, the total loss area has reached 621 hectares (Fig. 3), indicating the systemic and prolonged 
nature of degradation processes. 
Analysis of forest cover transformation causes demonstrates that large-scale fires became the 
dominant factor, with an area of approximately 550 hectares. Their occurrence is associated both with 
direct consequences of combat operations (shelling, ammunition detonation, dry vegetation ignition) 
and with complicated access to prompt firefighting and implementation of preventive forestry 
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measures. Besides direct tree stand destruction, fires caused secondary ecological effects: soil cover 
degradation, water regime disturbance, biotope fragmentation, and biodiversity reduction. 

 
Figure 2 Analysis of forest cover losses using Global Forest Change A – forest-covered areas; B – 
forest plantation losses. 

 
Figure 3 Dynamics of forest cover losses in Zaporizhzhia Oblast during 2001-2024 according to 
Global Forest Change data. 
 
During the period from February 24, 2022 to December 15, 2025, 1992 thermal anomalies were 
recorded within Zaporizhzhia Oblast according to satellite monitoring data (Fig. 4), identified by the 
VIIRS (Visible Infrared Imaging Radiometer Suite) sensor. These detections represent centers of 
elevated thermal radiation, which in most cases correspond to active fires or zones of intensive 
smoldering. 
Thus, the recorded losses represent not only a quantitative reduction in forest-covered areas, but also 
an indicator of deep structural-functional changes in the region's natural complexes, requiring further 
monitoring based on remote sensing data and spatial analysis in a GIS environment. 

 
Figure 4 Registration of fire occurrence cases during the period from February 24, 2022 to 
December 15, 2025 according to VIIRS data. 
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According to the State Environmental Inspection data (https://www.pivden.dei.gov.ua/), the area of 
burned forests and other plantations in the territory of Zaporizhzhia Oblast (controlled territory) 
amounts to 287.7 hectares, which caused damage of 546,960.40137 thousand UAH. 
 
Conclusions 
 
The conducted spatial-temporal analysis confirmed significant deterioration of forest ecosystem 
conditions in Zaporizhzhia Oblast as a result of military factors during the period 2022–2025. The 
recorded reduction in forest-covered areas has a systemic character and is accompanied by their 
fragmentation and decrease in ecological stability. 
Before the full-scale aggression, the region's forest cover remained critically low (approximately 
0.42% of the territory), which determines increased vulnerability of forest and shelter belt plantations 
to fires and mechanical damage. The loss of 621 hectares of forests during 2022–2025 is substantial 
for a steppe region with limited forest resource potential. 
Fires became the dominant degradation factor, as confirmed by both Global Forest Change data and 
the registration of 1992 thermal anomalies. The spatial distribution of fires indicates their 
concentration both in the combat zone and in rear areas, pointing to the complex nature of military 
operations' impact. 
The assessment of carbon losses (81 thousand tons of CO2 in 2024 alone) demonstrates not only local 
ecological consequences, but also a negative contribution to the regional greenhouse gas balance. 
Fires caused secondary effects: soil degradation, hydrological regime disturbance, biodiversity loss, 
and intensification of erosion processes. 
The use of ERS data (Sentinel-2, Landsat 8/9, MODIS, VIIRS) in combination with GIS analysis 
proved its effectiveness as a tool for operational monitoring under conditions of limited access to 
territories. At the same time, limitations were identified related to the spatial resolution of FIRMS and 
GFC satellite products. 
The obtained results form a scientifically substantiated basis for planning post-war forest ecosystem 
restoration measures, improving environmental monitoring systems, and making management 
decisions in the field of natural resource use and environmental security of Zaporizhzhia Oblast. 
 
References 
 
Assari Syamala, Sarath Raj Nadarajan; Santhosh, Anusha; Ramesh, Raméela (2021) Analysis of 

Forest Fire in Australia using Visible Infrared Imaging Radiometer Suite. Proceedings of the 
Confluence 2021: 11th International Conference on Cloud Computing, Data Science and 
Engineering. (pp. 482-486). IEEE DOI: 10.1109/Confluence51648.2021.9377152 

Chetverikov B.V., Kalynych I.V. (2022). Methodology for the Application of Remote Sensing Data in 
Assessing the Consequences of Emergency Situations. Monograph. Р. 120 

Giglio, L., Schroeder, W., and Justice, C.O. (2016). The collection 6 MODIS active fire detection 
algorithm and fire products. Remote Sensing of Environment, 178, 31-41. 

Hansen M.C., Potapov P.V., Moore R., Hancher M., Turubanova S.A., Tyukavina A., Thau D., 
Stehman S.V., Goetz S.J., Loveland T.R., Kommareddy A., Egorov A., Chini L., Justice C.O., 
and Townshend J.R.G. (2013) High-Resolution Global Maps of 21st-Century Forest Cover 
Change. Science 342 (15 November): 850-53. 

Official website of the State Environmental Inspectorate URL: https://www.pivden.dei.gov.ua/ 
Osadchyi V., Oreshchenko A., Savenets M. (2023). Satellite Monitoring of Fires and Atmospheric Air 

Pollution: Monograph. Р. 256 
Skyba, V., Vozniuk, N., & Vozniuk, S. (2024). GIS Resources as a Tool for Monitoring and 

Managing River Basin Conditions. У International Conference of Young Professionals 
«GeoTerrace-2024» (с. 1–5). European Association of Geoscientists & Engineers. 
https://doi.org/10.3997/2214-4609.2024510076 

https://www.pivden.dei.gov.ua/


<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Error

  /CompatibilityLevel 1.4

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /CMYK

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages true

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages true

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /GrayImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile ()

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

  >>

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /ConvertColors /ConvertToCMYK

      /DestinationProfileName ()

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [612.000 792.000]

>> setpagedevice



