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SUMMARY

Soil erosion is one of the biggest environmental and economic problems of agriculture in
Ukraine. Significant losses of topsoil due to water and wind erosion lead to reduced yields,
depletion of land resources and economic losses estimated at hundreds of millions of dollars
annually. For effective management of soil resources, it is necessary to have accurate
forecasts of erosion processes. This study used the Universal Soil Loss Equation (USLE)
mathematical model, which allows estimating the average annual soil loss due to water
erosion. The study was conducted in the Rohanska territorial community of Kharkiv region,
where agricultural land occupies 65% of the area. Analysis of the results showed that a
significant part of the community has an erosion hazard level exceeding the permissible
limits. Erosion hazard maps constructed on the basis of modeling can be used to plan
effective soil protection measures, adapt agricultural technologies, and preserve soil fertility.
The use of GIS technologies in combination.
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Introduction

Soil erosion is a serious problem for agriculture in Ukraine. According to the State Geocadastre, the
area of eroded soils in the country reaches 13,3 million hectares. Of these, 4,5 million hectares are
medium and highly eroded soils, including 68 thousand hectares that have completely lost their
humus horizon (State geocadastre, 2017).

In 2005, S.Yu. Bulygin estimated annual soil losses due to erosion at 760 million tons.
Unfortunately, over time, the estimates of experts have changed insignificantly. Thus, the national
report on the state of soils of Ukraine indicates that the average annual soil losses from water and
wind erosion are 15 t/ha or 740 million tons of fertile soil.

According to A. Kucher, the economic losses from crop yield loss due to widespread soil
erosion in the country are estimated at $224 million (Kucher et al., 2021).

Solving the problem of soil erosion is possible only if the most effective predictive information about
the risk of water erosion for specific landscape conditions is obtained. Such information can be
obtained by using one of the mathematical models of water erosion. One of the most famous models
is the Universal Soil Loss Equation (USLE), which has been used in 109 countries around the world
(Alewell et al., 2019).

The USLE model is a powerful tool for assessing soil erosion risk on agricultural lands. Its use can
significantly help prevent topsoil loss and maintain agricultural land productivity.

Method and Theory

The research was conducted on the territory of the Rohanska territorial community, which is located
in the Kharkiv district of the Kharkiv region. The total area of Rohanska territorial community is
77,07 km?, the population as of 2016 is 16,023 people (Rohan village military administration, 2025).
The administrative center is the village Rohan. The relief on the territory of the community is calm,
the soils are mostly represented by ordinary light loamy chernozems on the forest (Achasov et al.,
2023). The Rohanka River flows through the community, which belongs to the Siversky Donets
basin. The forests are mainly deciduous, in places coniferous or mixed, with a large number of
shelterbelts and plantations along the roads.

The main productive resource of Rohanska territorial community is a land. Agricultural lands occupy
65% of the community's territory, which determines the main direction of economic activity of the
community — the production of agricultural products (Rohan village military administration, 2025).

To assess potential erosion risk, the USLE was used, an empirical model developed to estimate
average annual soil loss due to water erosion. It was created in the 1950s in the USA and has since
become a primary tool for agronomists and ecologists in many countries. The basic formula for
USLE is as follows:
A=2.24 RxKXLSXCxP,
where:
« A — projected soil loss (tons per hectare per year),
« R — precipitation erosivity factor, which takes into account the energy and intensity of rain,
» K — soil erosivity factor, which characterizes the ease with which soil can be washed away,
» LS — combined slope length and steepness factor,
« C — agrotechnical factor, which takes into account vegetation type and agronomic practices,
» P — soil protection measures factor.
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The main problem of using the USLE model for practical research is its adaptation to the landscapes
of Ukraine. Methodological approaches to such adaptation will be considered in the next section.

All calculations of both individual factors and total soil losses were carried out using the geographic
information systems (GIS) QGIS and SAGA.

Results
Successful use of the USLE model requires adapting its factors to the conditions of a specific
territory. Let's consider our approach to solving this issue step by step.

At one time, W. H. Wischmeier and D. D. Smith, having studied the washout at more than 8,000
sites, described the factor R as the product of the total kinetic energy of rain and its maximum 30-
minute intensity (Luk'yanchuk, 2020). The calculation of R requires detailed data on the intensity of
precipitation throughout the entire rain, which, unfortunately, are absent in Ukraine. The way out of
the situation is to use a mathematical formula that connects the erosiveness of precipitation with such
guantities as monthly (Maurya & Tanwar, 2021). or annual precipitation amounts (Benavidez et al.,
2018). After analyzing the literature, it was decided to use the dependence proposed in the work
(Van der Knijff et al., 2021) for the entire territory of Europe:
R =0,13x0,
where O is the annual amount of precipitation.

The K factor was initially determined during field research. It depends on the following soil
properties: the content of various granulometric fractions in the soil; the content of organic matter;
soil structure; soil permeability. Since direct determination of the K factor is a rather laborious
procedure, in many works it is proposed to determine it using standard soil properties (Luk'yanchuk,
2020). The analysis of the literature showed that the approach proposed in the work of M. Fantappi¢
(Fantappieet al., 2014) is closest to our conditions. The authors propose to estimate the K factor
through the organic matter content and grain size distribution of the soil.

Forecast of annual soil loss from water erosion
(corn sowing)

Figure 2 Results of spatial modeling of water erosion in the territory of the Rohanska territorial
community according to the USLE model.
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The influence of relief (LS) in modern erosion science is calculated based on the analysis of
digital elevation models (DEM). The optimal way to obtain DEM is to conduct UAV
surveys (Achasov et al., 2021). In conditions of war, UAV surveys are impossible, therefore,
in our studies, DEM obtained by scanning and vectorizing topographic maps of a scale of
1:10 000 was used. Spatial values of LS were determined in the SAGA GIS.

The C and P factors were varied according to the tasks set, namely, predicting soil erosion in a
specific field for different agronomic practices. For example, Figure 2 shows the results of modeling
annual soil losses from water erosion for agricultural areas of the entire community. This scenario
assumed that grain crops, as the most common, were grown in all fields of the Rohanska territorial
community with minimal soil protection practices (cross-slope tillage).

The modeling results showed that the average annual soil loss in the Rohanska territorial community
is predicted to range from 0,17 to 37,03 t/ha. Considering the sufficient homogeneity of the soil
cover of the community, it can be stated that the variability of the washout depends on the terrain of
the territory.

According to F.G.A. Verheijen et al. (Verheijen et al., 2009) the permissible annual rate of soil
erosion for European soils is 1.4 t/ha. The map shows in dark green the area that can be considered
relatively erosion-safe according to this criterion. Additional soil protection measures must be
applied to maintain environmentally safe agricultural production in the remaining area.

World practice has proven that in the modern world, sustainable development of any administrative-
territorial formation will be successful only if environmental requirements are met. That is why, for
the successful development of united territorial communities (UTC), multi-directional programs for
environmental protection and improvement should be implemented, developed for each specific
UTC, taking into account the specifics of its natural, climatic and socio-economic conditions.

The created maps show the spatial distribution of zones with varying degrees of erosion risk and help
predict the balanced ecological and economic development of the community. They can serve as the
basis for the development and implementation of anti-erosion measures and planning of agricultural
activities in the community.

Conclusions

Soil erosion is a serious problem for Ukrainian agriculture, leading to significant losses of topsoil
and reduced yields. The study used the Universal Soil Loss Equation model to estimate average
annual soil losses in the Rohanska territorial community. By adapting the model to local conditions,
it was possible to create an erosion hazard forecast, which revealed that a significant part of the
community territory experiences soil losses exceeding the permissible norm of 1.4 t/ha. The
constructed erosion hazard maps are an effective tool for planning soil protection measures and
ensuring environmental safety. For sustainable development of the community and prevention of
erosion processes, it is necessary to implement comprehensive environmental management programs
that take into account natural, climatic and socio-economic conditions. Such an approach will
contribute to the efficient use of resources and the preservation of soil fertility.
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