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SUMMARY

The formation of optimal basin landscape-territorial structure (LTS) is an important component of the
River Basin Management Plan (RBMP). During its development, it is necessary to consider a number
of aspects inherent to contemporary challenges. Thus, against the backdrop of global climate change,
there arises a need to refine the optimal values of LTS indicators for river basins and the condition of
forest plantations in different natural-climatic zones of Ukraine. Of particular importance is the
documentation of changes in basin LTS in the context that landscapes become theaters of military
operations, consequently undergoing transformations and contamination, particularly as a result of
aviation strikes. The restoration of such territories is possible only with the availability of up-to-date
information regarding their condition and the scale of damage. Traditionally, in the process of
studying basin LTS, cartographic data, environmental status reports, and materials from the
certification of Ukrainian rivers have been used. Taking into account contemporary challenges, there
arises a need to utilize modern alternative information sources and technologies that are based, in
particular, on the use of GIS and remote sensing. In connection with this, the objective of our research
became the study of possibilities for using modern approaches to LTS analysis, based on information
obtained through the application of a geomatics approach (namely, satellite imagery).
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Introduction

The Water Strategy of Ukraine for the period up to 2050 provides for the implementation of an
integrated water resources management (IWRM) system based on the basin principle for major river
basins and effective economic instruments that stimulate the economical use of water resources. One
of the criteria for achieving the effectiveness of the management, development, protection, and use of
water resources system is the implementation of River Basin Management Plans (RBMPs). The
adoption of RBMPs is a European integration commitment in accordance with the Association
Agreement with the EU and one of the key indicators in the "Water Quality" sector during the
negotiation process for Ukraine's accession to the EU. Accordingly, as of the beginning of 2025, the
Government of Ukraine has officially approved nine RBMPs for 2025-2030: for the Danube, Dnieper,
Southern Buh, Dniester, Don, Vistula, the rivers of the Black Sea region, the Azov Sea region, and
Crimea (Resolution, 2022).

In the RBMPs, the LTS is considered a fundamental basis for analyzing the state of water resources,
modeling hydrological processes, and developing specific environmental protection measures. When
substantiating landscape-ecological measures in the process of developing RBMPs, it is effective to
study the LTS, which reflects the interrelation between the ecological state of water bodies and the
properties of the surrounding landscapes. Therefore, the optimization of the LTS will contribute to
solving a number of environmental problems in the river basin at the stage of implementing the
measures provided for in the RBMPs. For most rivers in Ukraine, a disruption of the natural
ecological balance is characteristic, which is caused by anthropogenic pressure on their basins. The
main causes of negative phenomena on the rivers include excessive development of the basins and
disruption of the natural mechanism of liquid and solid surface runoff.

Method and Theory

In our work, we utilized the concept of Integrated Water Resources Management (IWRM), which is
based on the principle that the natural ecosystems of a river basin, adjacent wetlands, and groundwater
are sources of fresh water. This approach is becoming increasingly relevant in the context of global
climate change and the ever-growing scarcity of water resources. Disruption of the optimal ratio of
areas occupied by forests, perennial grasses, and annual agricultural crops, along with insufficient
implementation of anti-erosion measures in the watershed, leads to rapid surface runoff, activation of
erosion processes, and ultimately, the siltation of rivers (Grodzinsky, 2005).

Optimization of the landscape structure in river basins can be achieved by creating a system of forest
plantations (anti-erosion, water protection, soil protection, gully-side, etc.) throughout the entire basin,
particularly on lands not used for agricultural production. This will not only increase the area of
ecologically stable territories but also reduce the activity of erosion processes. The expediency of
applying GIS technologies, using the NDVI vegetation index, and remote sensing for assessing the
condition of forest plantations, as well as for developing measures to optimize the condition of these
territories, is confirmed by the results of scientific research (Zatserkovnyi, Oberemok & Kun, 2018;
Melnyk & Yachniuk, 2022). It should be emphasized that this approach is not a complete replacement
for traditional research methods; however, it has demonstrated excellent, reliable results and can serve
as a supplement and an innovative solution for monitoring surface waters and studying the LTS of
river basins in the context of digitalization and the need to find alternative approaches to river basin
management (Skyba, Vozniuk & Vozniuk, 2024). In doing so, it is necessary to take maximum
account of the terrain features, adhering to the principles of contour-reclamative land organization,
which also involves the use of GIS technologies and remote sensing. For example, by using software
such as ArcGIS, QGIS, Global Mapper, etc., which allows for the rapid and accurate creation of a
digital elevation model.
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For long-term monitoring of LTS changes in river basins, satellite images with a low temporal
resolution (e.g., Landsat satellites) are typically used. The analysis can be carried out using satellite
images of:

e Medium resolution (Sentinel-2, Landsat satellites), which allows for tracking changes in the LTS
(changes in the area of agricultural lands and forests, the appearance of large infrastructure
objects). These images are usually free of charge, which significantly expands their accessibility
and application in research projects;

e High resolution (Maxar WorldView, Planet Skysat satellites), which are generally not optimal for
analyzing the LTS of entire basins. However, these images are indispensable for conducting
detailed analysis of specific, small areas within the basin, for example, monitoring erosion-
deformed areas; detecting unauthorized objects within the coastal protective strip; and assessing
damage and losses caused by military actions in areas with limited physical access (occupied
territories, active combat zones).

Results

The object of research is the basins of medium-sized rivers located in different natural-climatic zones
and belonging to different hydrological basins. Previous research by the authors was focused on the
analysis and assessment of the LTS of the river basins of these watercourses.

1) The basin of the Turiia River, which flows through the territory of the Volyn Region and belongs
to the Prypiat basin, being its first-order right tributary. The length of the Turiia is 188 km, and
its catchment area is 2900 km?. The results of previous studies have established that the overall
ecological state of the Turiia River largely depends on the level of anthropogenic pressure on the
basins of small rivers that are its 1st and 2nd order tributaries.

2) The basin of the Molochna River, which flows through the territory of the Zaporizhzhia Region
and empties into the Molochnyi Estuary of the Sea of Azov basin. Its length is 197 km, and the
river's catchment area is 3450 km?. The overall state of the Molochna River ecosystem, according
to the induction coefficient of anthropogenic load index (IKAN), is characterized as approaching
a "very poor" condition.

We investigated the use of floodplain lands in the basins of the Turiia and Molochna rivers. The
landscape structure of the floodplains of small rivers in the Turiia basin is determined by natural
factors, and the specifics of its functioning were defined by spatio-temporal aspects. The modern
development of floodplain landscapes is predominantly driven by anthropogenic factors associated
with various types of economic activity.

1) In the Turiia River basin, a high level of agricultural pressure on the floodplains of small rivers is
observed, ranging from 37.27% (unnamed river No. 3) to 91.25% (Srebnytsia River). Between 1.25%
(unnamed river No. 5) and 24.3% (Rudka River) of the floodplain territory is plowed, which is
impermissible according to the requirements of the Water Code of Ukraine. A high level of land
reclamation in the floodplains should be noted, which fluctuates between 16.6% (Srebnytsia River)
and 54.1% (Rudka River). At our disposal are cartographic data from Google, showing a section of
the Turiia River in the area of the pedestrian bridge (Komarove), Volyn Region, as of June 2015 (Fig.
1). Using data from this resource, we obtained a current map of the studied section of the Turiia River
as of August 2025 (Fig. 2).

2) For the Molochna River basin, destructive anthropogenic factors are typical: arable land comprises
72.8% (accordingly, improper plowing is observed within the river floodplain boundaries —
approximately 4%). Almost the entire river floodplain is overgrown with reeds, not forested,
meadowed, and waterlogged over an area of 12.5%. Over time, the Molochna River floodplain has
undergone significant changes due to silting and shallowing of steppe watercourses, which resulted
from mass plowing of steppe landscapes in the mid-20th century. At the same time, the envisaged
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environmental protection measures aimed at preserving, protecting, and restoring small and medium
watercourses are typically implemented inadequately due to lack of funding and proper oversight.

Figure 1 Section of the Turiia River in the area 0 the pedestrian bridge (Komarove), Volyn Region
(cartographic data from Google, 2015)

Figure 2 Section of the T uriia River in the area of the pedrian bridge (Kove), Volyn Region
(cartographic data from Google, 2025)

a) 2010 b) 2019 c) 2023 d) 2025
Figure 3 Section of the Molochna River within the boundaries of Melitopol, Zaporizhzhia Region
(cartographic data from Google Earth)

A particular example of increased anthropogenic pressure on the studied river basin is the
construction of a solar power plant with a capacity of 33.1 MW, which occupies an area of 50
hectares and is equipped with over 91,000 solar panels. Analysis of the level of thermal pollution of
the landscape made it possible to determine that the location of this solar power station is a hotspot
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with the highest temperature, even compared to the industrially-loaded areas of Melitopol city, within
which large industrial enterprises are located (metallurgical and food industries) (Fig. 3).

Results

The analysis of cartographic materials based on satellite imagery made it possible to conclude that the
situation regarding the use of floodplain lands in the studied section of the Turia River channel
remained practically unchanged during the period 2015-2025. Intensive agricultural use of floodplain
lands within the water protection zone, which includes the river’s floodplain, is observed. It can also
be stated that there are no water-protective or anti-erosion plantings along the river in this section. By
contrast, the examined floodplain section of the Molochna River has undergone significant
anthropogenic transformations during the specified period. It should be noted that the use of remote
sensing methods enables not only the acquisition of objective information about the state of basin
landscapes, but also the detection of changes essential for management decision-making. Under
present conditions, the issue of identifying surface damage caused by military actions through satellite
data is also of great relevance (Mikava & Drozd, 2023).

Conclusions

The creation of an effective mechanism for optimizing the landscape—territorial systems (LTS) of
river basins requires up-to-date information on the condition of the studied territories and, given
current realities, on the extent of their damage caused by military actions. The analysis of satellite
imagery using modern GIS technologies has today become a powerful source of spatial information,
particularly regarding the structural features of landscapes and the condition of forest plantations of
various functions. The current accessibility of GIS ensures efficient, rapid, and reliable opportunities
for monitoring changes in basin LTS in any region of Ukraine. Thus, the study confirms the
appropriateness of applying GIS technologies and remote sensing for the development of measures
aimed at optimizing basin LTS. Accordingly, geomatic approaches constitute an integral part of
modern integrated water resources management, providing a scientifically grounded basis for
decision-making and contributing to the sustainable development of river basins.

References

Grodzinsky, M. D. Understanding Landscape: Place and Space. (2005) Monograph. In 2 volumes.
M. D. Grodzinsky. Kyiv: Kyiv University, 503 p.

Melnyk, A. A., & Yachniuk, M. O. (2022) Application of information technologies for monitoring
forest cover. Scientific Bulletin of Kherson State University, (16), 32-39. DOI:
https://doi.org/10.31861/ge0.2024.849.154-163

Mikava, P. & Drozd S. (2023) Method for detecting damage to the Earth's surface caused by military
actions using satellite data. [Infernational Scientific and Technical Journal Problems of
Management and Informatics, 6, 83-93. URL: http://jnas.nbuv.gov.ua/article/UJRN-
0001508116

Resolution of the Cabinet of Ministers of Ukraine on the Approval of the Water Strategy of Ukraine
for the Period until 2050 dated December 9, (2022) 1134-p. URL:
https://zakon.rada.gov.ua/laws/show/1134-2022-%D1%80#Text

Skyba, V., Vozniuk, N., & Vozniuk, S. (2024). GIS Resources as a Tool for Monitoring and
Managing River Basin Conditions. [International Conference of Young Professionals
«GeoTerrace-2024» (c. 1-5). European Association of Geoscientists &
Engineers. https://doi.org/10.3997/2214-4609.2024510076

Zatserkovnyi, V. 1., Oberemok, N. V., & Kun, Yu. V. (2018). Application of geographic information
systems and geographic information technologies in landscape research. Management of
complex systems development. (34), 92-103. URL: http://nbuv.gov.ua/UJRN/Urss 2018 34 15

XIX International Scientific Conference “Monitoring of Geological Processes
and Ecological Condition of the Environment”

20-24 April 2026, Kyiv, Ukraine



https://doi.org/10.31861/geo.2024.849.154-163
http://jnas.nbuv.gov.ua/article/UJRN-0001508116
http://jnas.nbuv.gov.ua/article/UJRN-0001508116
https://zakon.rada.gov.ua/laws/show/1134-2022-%D1%80#Text
https://doi.org/10.3997/2214-4609.2024510076
http://nbuv.gov.ua/UJRN/Urss_2018_34_15


<<

  /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



