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SUMMARY

The article investigates the geo-ecological state of the Rata River basin system (Ukraine—
Poland) by assessing the degree of anthropogenic land transformation. Modern
geoinformation technologies such as ArcGIS, QGIS, Python, and satellite imagery were used.
The analysis includes the calculation of various coefficients (agricultural development,
ecological stability of landscapes, anthropogenic load, etc.). It was found that the Zheldets
and Moshchanka river basins have experienced the highest anthropogenic impact, while the
Bolotnia River basin is the least transformed. To optimize the condition of land resources,
measures for environmental monitoring and protection have been proposed.
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Introduction

The Rata River is a transboundary waterway in Poland and Ukraine, a left 76 km long tributary of the
Western Buh (the Vistula Basin), which catchment area is 1,813 km? Under the Water Code of
Ukraine, the river is classified as a small one (in terms of basin area and watercourse length). The
study of the geo-ecological status of the Rata river and basin system by assessing the degree of
anthropogenic land transformation using modern geoinformation technologies will provide a scientific
basis for developing a set of rehabilitation measures outlined in the strategic plans for water
conservation and green reconstruction of Ukraine.

Method and Theory

When conducting scientific research, the following software was employed, i.e. ArcGIS, QGIS,
Python, OpenStreetMap, Google Map, Sentinel Hub. Digitisation of land categories was done using
satellite images of the Earth - Google Satellite. The classification of land was performed as per the
requirements of the Land Code of Ukraine, Chapter 4, Article 19, Land Categories (Verkhovna Rada
Ukrainy, 2001).

Examples

The experience of assessing the level of anthropogenic land transformation using the basin approach
(within the catchments of the Poltva tributaries) is presented in studies conducted by M. Z. Shipka and
L. P. Kurhanevych (2023) (Shipka & Kurhanevych, 2023). The specific features of the structure of
land use and the extent of anthropogenic land transformation within the sub-basins of the Western
Buh were studied by O. M. Klymenko and N. Vozniuk (2007) (Klymenko & Vozniuk, 2007). The
domestic experience of geoinformation modeling of anthropogenic land transformation and the
assessment of the geoecological state of floodplain-channel river complexes is presented in the studies
of Kovalchuk I. P., Kurganevych L. P., Andreychuk Yu. M., et al. (Kovalchuk, Kurhanevych,
Andreychuk et al., 2024).

In foreign research on geoinformation modeling of anthropogenic land transformation, significant
attention is given to the analysis of land use changes and the application of modern assessment
methods. For instance, the study by (Mazy & Longaretti, 2022) focuses on the development of a
formally correct and algorithmically efficient environment for modeling land use changes. This
approach enhances the accuracy of change predictions through improved assessment methods and
territorial distribution techniques.

Another study, conducted by (Islam & Ahmed, 2011), demonstrates the application of GIS models,
particularly Markov chains, for predicting land use changes in the megacity of Dhaka, Bangladesh.
The authors utilize satellite imagery and GIS analysis to assess historical changes and forecast future
transformations, which facilitates the development of strategies for rational urban planning.

Results

Anthropogenic transformation of the Rata Basin lands was determined by assessing the load exerted
on the catchments of the river main tributaries. Calculations were carried out according to the
methods for determining: the coefficient of agricultural development of the territory; the coefficient of
anthropogenic transformation of the territory; the share of anthropogenic geosystems; the share of
anthropogenic-natural geosystems; the coefficient of agricultural landscape sustainability; the
indicative coefficient of anthropogenic load; the coefficient of ecological balance of the territory; the
coefficient of ecological sustainability of landscapes; the coefficient of anthropogenic transformation
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of landscapes (Tretyak & Dutchak, 2005; Parchuts, 2000; Prykhodko, 2000; Methodical guidelines,
1992; Management plan for the Vistula River Basin, n.d.).

The coefficient of agricultural development of the territory describes the ratio of the area of
agricultural land to the total area of the territory. The coefficient reflects the extent of anthropogenic
load on the environment. The average value of this indicator in the Rata River basin is 54.57%. The
highest rate of agricultural development is observed in the Zheldets (63.81%) and Moshchanka
(63.49%) river basins, and the lowest rate is recorded in the Bolotnia River basin (37.21%).

The coefficient of anthropogenic transformation of the territory (Cat) is calculated as the ratio of the
area covered with farmland, buildings and roads to the total area of the territory (Prykhodko, 2000).
Within the Rata River basin, this indicator is quite high and amounts to 57.5 out of 100. The highest
value of the coefficient is observed in the Moshchanka (67.49%) and Zheldets (66.82%) river basins,
and the lowest in the Bolotnia River basin (39.1%) (Fig. 1).

Studies show that for ecosystems to function properly, disturbed and potentially disturbed areas
should not exceed one third of the total catchment area. If 40 % or more of ecological links are
disrupted, this leads to ecosystem degradation (Tretyak & Dutchak, 2005). The share of
anthropogenic geosystems (Tan) is defined as the ratio of arable and built-up land to the total area of
the study area. Within the Rata River basin, this value is 0.56. The largest share of anthropogenic
geosystems is observed in the Zheldets and Moshchanka river basins, where it amounts to 0.66. The
lowest value of the coefficient is recorded in the Bolotnia River basin (0.38).
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Figure 1 Anthropogenic transformation of territories within the Rata River basin

The share of anthropogenic-natural geosystems (Tpr) is calculated as the ratio of the sum of natural
land categories (pastures, fallow land, hayfields, forests and other forested areas, open wetlands, areas
covered by surface water, and other similar lands) to the total area of the territory. On average, this
coefficient is 0.64 in the Rata basin. The largest share of anthropogenic-natural geosystems is
observed in the Bolotnia River basin (0.79), and the smallest one in the Moshchanka and Zheldets
River basins.
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The coefficient of agricultural landscape sustainability (Ksa) describes the ratio of the sum of the
areas of conditionally ecologically stable lands (hayfields, pastures, forests, marshes), as well as lands
allocated for rehabilitation and regeneration to the areas of arable land and perennial plantations
(Tretyak & Dutchak, 2005). On average, this coefficient is 1.91 in the Rata basin. The highest value
of the coefficient is observed in the Bolotnia River basin (4.02), and the lowest one in the Zheldets
River basin (1.3).

The Indicative Coefficient of Anthropogenic Pressure (ICAP) is determined by comparing actual
values with the criteria for a particular region (Western Forest-Steppe) (Methodical guidelines, 1992).
It depends on the level of forestation, agricultural development of the territory, in particular on arable
land, the share of hayfields and pastures, and, to a lesser extent, on urbanisation. The average forest
cover in the Rata basin is 38%, which means that the extent of forest cover is good — more than 20%.
The land structure in the basin is dominated by arable land. The average arable land is 32%, which is
considered to be good. The highest percentage of arable land is reported in the Zheldets River basin
(41.58%), and the lowest one in the Bolotnia River basin (19.24%). The highest share of arable land is
present within the territories most suitable for cultivation, as well as in areas crossed by major
transport routes. The share of hayfields and pastures in the structure of agricultural land is 21.14%.
This figure is highest in areas with a relatively small share of land suitable for ploughing.

The coefficient of ecological sustainability of landscapes (CESL) is calculated as the ratio of areas
with stable landscape elements to areas with unstable elements (Klymenko & Vozniuk, 2007). On
average, this coefficient is 1.75 in the Rata basin, which means that the landscape is considered
conditionally stable. Only the Bolotnia River basin is assessed as stable, while all other sub-basin
landscapes are deemed as conditionally stable.

The coefficient of ecological balance of the territory (Cebt) shows the ratio of arable land to forest,
pasture and hayfields, and water bodies (Prykhodko, 2000). The highest coefficient value is registered
in the Zheldets River basin (0.76), and the lowest one in the Bolotnia River basin (0.24).

The ecological status of the agro-landscapes of the Rata River basin, which is calculated as the ratio
of arable land to land under conservation use (Parchuts, 2000) (which includes such land use types as
perennial plantations, hayfields, and pastures), is characterised as unsatisfactory. Even minor
structural changes can worsen the ecological balance between the lands. In almost all sub-basins, the
condition of agricultural landscapes is unsatisfactory, with only the Bolotnia River basin being in
satisfactory condition.

The coefficient of anthropogenic transformation of landscapes (Cat) characterises the degree of
human impact on soils, relief and vegetation. According to the results of calculations, the entire
territory of the basin is transformed. On average, this coefficient is 4.75 in the Rata basin. The highest
value of the coefficient is detected in the Zheldets (5.24) and Moshchanka (5.22) basins, and the
lowest one in the Bolotnia basin (3.82).

Conclusions

The Vistula River Basin Management Plan outlines a series of measures to restore aquatic ecosystems
through the revitalisation of small rivers (Management plan for the Vistula River Basin, n.d.). The
conducted studies regarding the level of ecological sustainability of lands within the Rata basin show
the territorial differentiation of anthropogenic environmental transformation and identify promising
areas for water protection measures.
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Based on the results of the research, it was found that the structure of the landscapes of the Rata River
basin is dominated by agricultural land, with the basin's development rate of 53.43%. In the valleys of
the Rata and its main tributaries, agricultural development is assessed as good.

The basins of the Zheldets and Moshchanka rivers have experienced the greatest anthropogenic
impact, while the Bolotnia River basin is less affected. According to the CESL calculations, the
overall condition of the basin is conditionally stable.

To optimise the condition of land resources and geosystems within the Rata River basin, the following
measures are suggested: compliance with land protection legislation; continuous monitoring of land
resources; optimisation of the land structure; promotion of environmentally oriented land use;
improvement of methods for monitoring compliance with environmental requirements in land use,
including through the introduction of automated and remote survey methods.
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