
Monitoring’2025   

 

 

XVIII International Scientific Conference “Monitoring of Geological Processes 
and Ecological Condition of the Environment” 
14–17 April 2025, Kyiv, Ukraine 

 

Mon25-208 
Modeling soil erosion and approaches to loss minimization 

A. Kot (V.N. Karazin Kharkiv National University) 

SUMMARY 

Soil erosion is a significant global environmental issue that degrades soil fertility, contributes 
to land degradation, and threatens agricultural productivity, which in turn impacts food 
security. With increasing pressure on food production to meet rising global demand, soil 
erosion exacerbates challenges to maintaining soil resources. This research employs 
cartographic analysis, statistical modeling, and economic evaluation to assess soil erosion 
dynamics and its effects on land productivity. The study compares two scenarios: one where 
no intervention is made, allowing natural erosion processes to continue, and another where 
soil protection measures, such as crop rotation and the use of perennial vegetation, are 
implemented. Findings from the research conducted in the Rogan UTC of Kharkiv district 
reveal that, without intervention, soil erosion results in substantial reductions in crop yields 
and economic losses. For instance, in eroded lands, wheat and corn yields decline by up to 
38% and 73%, respectively. Conversely, implementing soil protection strategies significantly 
reduces these losses, improving soil quality and reducing economic damage. The study 
underscores the need for effective land management practices to combat soil erosion and 
highlights the importance of further research into the long-term environmental and economic 
implications of such measures for sustainable agricultural development. 
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Introduction 
 
Soil erosion is a major global environmental issue, contributing to declining soil fertility, land 
degradation, and worsening ecological conditions. These factors reduce agricultural productivity and 
pose significant risks to food security (Al-Shoumik et al., 2023). Soil loss negatively affects crop 
growth, leading to lower yields and potential food shortages. According to FAO projections (FAO, 
2011), global food production must increase by 70% by 2050 to meet rising demand, which may 
require the expansion of agricultural land, further depleting soil resources and creating new security 
challenges. A key factor in these threats is land degradation caused by erosion (Bulygin & Vitvitskyy, 
2018). 
 
Scientific research highlights the importance of mathematical and cartographic modeling in assessing 
soil erosion risks under various natural and climatic conditions. A crucial approach involves the use of 
GIS technologies and remote sensing to develop predictive erosion maps, which enhance strategic 
planning for soil conservation and sustainable land management (Achasov et al., 2019; Kucher, 2019). 
 
Method and Theory 
 
To assess soil erosion dynamics and its impact on land productivity, we used cartographic analysis, 
statistical modeling, and economic evaluation. The study compares two approaches to land resource 
management: (1) no intervention in the natural erosion process and (2) implementation of soil 
protection measures. 
 
The economic aspects of soil erosion have received limited attention. While some studies estimate 
erosion-related costs, in-depth economic analyses remain scarce. Soil erosion negatively impacts crop 
yields and land fertility, especially under intensive agriculture and natural factors like precipitation 
and wind (Raspopina, 2023). Effective erosion control and land restoration require a comprehensive 
approach, including modeling both natural and anthropogenic factors (Fedulova, 2019). This study 
explores two erosion scenarios. The first assumes no intervention, modeling soil loss from natural 
factors like precipitation, soil type, and climate (Pollock et al., 2020). It predicts soil loss over 10–15 
years. Slightly eroded soils can degrade to moderately eroded, losing up to 5 tons per hectare in a 
decade, leading to reduced productivity and soil quality (Poggiato et al., 2021). 
 
The second scenario involves protective measures like crop rotations and perennial vegetation. 
Perennial grasses such as clover mitigate erosion and enrich soil nitrogen. For severely eroded lands, 
restoration through plantations or afforestation can stabilize erosion. However, this may reduce soil 
fertility over time, affecting agricultural efficiency. Modeling these changes helps assess ecological 
benefits and economic trade-offs. This research aims to evaluate both the environmental and 
economic consequences of these scenarios, offering a scientific basis for land management and soil 
conservation strategies for sustainable agriculture. 
 
Results 
 
The study was conducted in the Rogan United Territorial Community (UTC) of the Kharkiv district. 
The dynamics of soil productivity were assessed under two scenarios: without intervention and 
through the reduction of soil load via crop rotation and perennial plantations. The analysis was based 
on cartographic data, statistical methods, and modeling of changes in soil cover. The area of the 
Rogan UTC is 77.07 km². The terrain is relatively flat, and the soils are primarily fertile chernozems 
with a light loam texture on the loess. The main resource of the community is land, which occupies 
65% of the area and defines the agricultural development direction (Rogan Village Military 
Administration, 2025). A map of agricultural soil groups (ASG) was created at a scale of 1:25,000 and 
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contains information from the State Land Cadastre regarding the boundaries of agricultural soil 
groups both within and outside of populated areas (State Geo Cadastre of Ukraine, n.d.). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Map of agricultural soils of the Rogan UTC in the QGIS environment, where soils are 
grouped by their properties and usage. 
 
The agricultural soil group map combines soils that are similar in genesis and properties into larger 
groups, which require similar measures to improve their characteristics and increase fertility. The 
areas of agricultural soil groups in the studied area were calculated in QGIS using the "Field 
Calculator" function (Solovyi, V.B. ed., 2020).  
 
Data on agricultural soils for the studied area are presented, grouped by the level of erosion. The areas 
of each soil category were calculated according to the specified codes. Using data from the map, we 
performed calculations and linguistically classified the soils by the degree of erosion: 1) severely 
eroded soils (codes: 51e, 57e, 57l) - total area: 108.4 ha; 2) slightly eroded soils (codes: 49g, 49e, 49l, 
53d, 53e, 54d, 54e, 54l, 55d, 55e, 55l, 85d) - total area: 4113.9 ha; 3) non-eroded soils (codes: 123d, 
123e, 134d, 139d, 143, 144, 208d, 209d, 209e, 211d, 212e, 215l, 92v) - total area: 2319.2 ha. 
 
In this scenario, no measures are taken to prevent erosion. This means that natural factors, such as 
precipitation intensity, climatic conditions, and soil type, determine the rate of erosion processes on 
the land. Without intervention, erosion processes gradually degrade soil quality, which, in turn, leads 
to a decrease in crop yields. According to the calculations, on highly eroded lands, crop yields 
significantly decrease. For example, on highly eroded lands, the yield of winter wheat decreases to 
62% in the forest-steppe and 44% in the steppe compared to non-eroded lands. For sunflower, the 
yield decreases to 58% in the forest-steppe, and for corn — to 27% in the steppe. This indicates 
significant crop losses due to soil degradation caused by erosion (Hrabak, N.K. et al., 2005). 
 
To calculate the loss of fertile soil on land plots without intervention, a method for modeling changes 
in erosion intensity is used. The modeling is based on data such as precipitation intensity, soil type, 
and climatic conditions, which allows for accurate predictions for a specific area. Taking these factors 
into account, we can assess how quickly the soil will lose its fertility due to erosion. According to the 
calculations, on mildly eroded soils, without erosion control measures, up to 5 tons of fertile soil per 
hectare can be lost over 10 years. This leads to significant losses in agricultural and economic 
productivity. Specifically, the total yield on such land will decrease by 12,086 centners over 10 years. 
In turn, this will result in a decrease in income by 7,722.58 thousand UAH (at constant prices). These 
results clearly demonstrate the negative impact of erosion on soil fertility. Without appropriate land 
protection measures, crop losses will be substantial, leading to significant economic losses for 
agricultural producers. This scenario emphasizes the importance of implementing measures to combat 
erosion to minimize the negative consequences for agriculture. 
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In Scenario 2, it is proposed to convert highly eroded soils into perennial plantations, while 
moderately eroded soils should be used for crop rotation with plants that strengthen the soil, such as 
clover. Alternatives include growing perennial grasses, pastures, or creating other types of vegetation 
(Zubets, M.V., et al., 2008). A reduction in erosion and improvement in soil quality is expected, but 
land productivity will decrease. The economic impact will depend on the choice of land use. Over the 
course of 10 years, there has been a decrease in gross yield and total income. Gross yield decreased by 
2,847.6 centners, and total income fell by 1,002.0 thousand hryvnias. This indicates the negative 
impact of soil erosion and changes in agricultural production conditions, which require attention and 
potential measures to mitigate these losses. 
 
There is the possibility to transfer all agricultural lands into the nature reserve (NR) for the purpose of 
ecological restoration and conservation. However, this conversion would lead to certain economic 
losses, as these lands would no longer serve their original agricultural function, thus reducing 
agricultural production and related income. While this would have positive environmental effects, 
such as the restoration of ecosystems, improvement of biodiversity, and reduction of erosion, it would 
also result in the loss of agricultural productivity, which could negatively impact the local economy 
and livelihoods dependent on farming. Additionally, the transition to nature reserves may limit land 
use options, reducing opportunities for sustainable agricultural development. 
 
Conclusions 
 
The research highlighted the significant impact of erosion, with a 10-year yield loss of 12,086 
centners and a drop in income by 7,722.58 thousand UAH without intervention. On mildly eroded 
lands, soil loss of up to 5 tons/ha led to major yield reductions. Implementing soil protection 
measures, such as perennial plantations and crop rotation, reduced yield losses to 2,847.6 centners and 
economic losses to 1,002.0 thousand UAH. These strategies improved soil structure and slowed 
erosion. While protecting degraded lands helps restore ecosystems, it brings some economic losses 
but opens up opportunities for ecotourism. These findings emphasize the need for further research into 
effective erosion control strategies and their long-term environmental and economic impacts. 
Continued studies will be crucial for developing sustainable agricultural practices and ensuring the 
stability of agroecosystems. 
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