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SUMMARY

Soil erosion is the main factor in the degradation of agricultural lands. The goal of research is
to develop an effective tool for controlling and monitoring erosion processes. The existing
methods are characterized by certain limitations for their application, including high cost,
labor intensity, and time frame. Among the latest methods is the D-InSAR Technology. Its
application was tested at one of the erosion test sites of the NSC “Institute of Soil Science
and Agrochemistry Research named after O.N. Sokolovsky”, nearby Kharkiv, Ukraine, with
difficult terrain conditions. The results of this application showed a good correlation with
erosion modeling data. They also made it possible to localize the manifestations of erosion
processes in different time periods. Hence, it can be concluded that the method can be used to
quickly indicate and localize the process of soil washout and identify the main types of its
manifestations.
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Introduction

Soil erosion is a major factor in the deterioration of agricultural land. First of all, this deterioration
affects soil productivity or fertility. Another aspect is the impact on the ecology of geosystems -
washed away soil leads to negative processes in water bodies. Soil erosion is a critical environmental
problem with far-reaching consequences for soil fertility, water quality, and ecosystem resilience.
Understanding and mitigating soil erosion is essential to ensuring food security, conserving
biodiversity, and combating land degradation. Globally, soil erosion affects approximately 75 billion
metric tons of soil annually, resulting in nutrient loss, reduced crop yields, and increased
sedimentation in water bodies (Pimentel & Kounang, 1998). It is also a major contributor to
desertification, which threatens the lives of millions of people living in arid and semi-arid regions
(Lal, 2001). Combating soil erosion requires reliable monitoring and management strategies that can
accurately quantify the rate and intensity of soil loss.

In Ukraine, about 40% of arable land is affected by accelerated water erosion. Monitoring of erosion-
prone land is the basis for protecting land from the effects of this phenomenon. However, the current
conditions in Ukraine, characterized by excessive mosaic land use and deterioration of the system of
erosion control measures, require analysis of an even wider range of land. Of particular importance is
the primary diagnosis and preliminary assessment of erosion processes. To accomplish these tasks, a
number of methods are used, characterized by certain advantages and disadvantages. The most
accurate and effective are ground-based methods. However, they are characterized by significant
resource intensity, primarily the high cost of skilled labor, and are not operational in time. Different
remote sensing methods have also been used to assess large-scale impacts. These methods rely on the
study of the optical characteristics of the soil surface, which change under the influence of vegetation
cover, soil condition after cultivation and agricultural practices, and make it possible to draw
conclusions about the course of erosion processes. However, these methods, while useful for large-
scale assessments, are limited in spatial and temporal resolution and often lack the accuracy required
to detect small-scale erosion processes or to capture short-term events such as intense rainfall
(Morgan, 2005). There are cases of soil erosion control by determining the organic carbon content or
specific magnetic susceptibility of the soil, but these approaches are quite expensive and correct only
in one facies.

Given these challenges, there is a growing need for advanced monitoring methods that combine high-
resolution spatial and temporal data with predictive modeling capabilities. Technologies such as
Synthetic Aperture Radar (SAR) interferometry offer promising solutions, overcoming many of the
limitations associated with traditional methods by providing accurate real-time measurements of
erosion processes over large areas.

Methodology

The experimental data described in this paper were obtained on the territory of the experimental
research site of the NSC "Institute of Soil Science and Agrochemistry Research named after O.N.
Sokolovsky", in the western part of the Kharkiv district of the Kharkiv region (N 49.974107, E
36.000523). The soil cover is represented by a catenary series of podzolized chernozem. The site is
located on a slope with a steepness of up to 5.5 degrees and is characterized by moderate development
of erosion processes (Fig. 1). The study used methods of mathematical modeling of erosion processes
based on the Universal Soil Loss Equation (USLE) technology (Wischmeier & Smit, 1978). The
topographic basis for the modeling was a 1:10,000 topographic map with a difference between
horizontals of 1 m.
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Additionally, to control the erosion modeling data (Kruglov et al., 2023a; Kruglov et al., 2023b), soil
samples (N=55) were taken from the topsoil in the study area, for which the organic carbon content
was determined (DSTU 14235, 2007) and the specific magnetic susceptibility was determined (Evans
& Heller, 2007). Spearman's correlation was used to determine the degree of relationship between the
indicators.

The study utilizes radar imagery from the Sentinel-1A satellite mission, selected based on orbital
parameters, imaging direction, temporal characteristics, and baseline values. To calculate vertical
surface displacements, radar images with a 10-meter spatial resolution were acquired from the Alaska
Satellite Facility.

Data processing was performed using the Sentinel Application Platform (SNAP), employing
Differential Synthetic Aperture Radar Interferometry (D-InSAR) to analyze phase changes between
image pairs and detect vertical surface displacements with high accuracy (Kril & Orlenko, 2022;
Zatserkovnyi et al, 2023). This method is independent of weather conditions, offers high
spatiotemporal resolution, and enables integration into geographic information systems for large-scale
monitoring. To minimize vegetation influence, radar image pairs were selected based on specific
acquisition timestamps from Sentinel-1A data (Table 1). These intervals reduce seasonal variation
errors and enhance displacement accuracy. The data processing methodology included geocoding,
calibration, noise filtering, interferogram generation, phase change computation, and phase
unwrapping to identify regional surface deformations (Serco Italia SPA, 2018).

Table 1 Characteristics of Analysis Periods for Selected Sentinel-14 Radar Image Pairs.

Duration of period Details of Radar Image Pairs
November 2022 — S1A_IW_SLC 1SDV _20221107T152119 20221107T152146_045790_057A2E_9FC5
April 2023 SIA_TW_SLC__1SDV_20230412T152116_20230412T152143_048065_05C71C_509A
April 2023— S1A_IW_SLC__1SDV_20230412T152116_20230412T152143_048065_05C71C_509AS
November 2023 S1A_IW_SLC__1SDV_20231102T152124_20231102T152151_051040_062781_ASAS5
November 2023 — | SIA_TW_SLC__1SDV_20231114T152124_20231114T152151_051215_062DSE_ASED
April 2024 SIA_TW_SLC__1SDV_20240406T152121_20240406T152148_053315_0676AC_87DC

The results were visualized as displacement maps with color scales for data normalization and
interpretation (Sdnchez-Crespo et al., 2021), allowing the identification of anomalous areas. The
detected surface displacements were classified by magnitude, and an accuracy assessment was
conducted.
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Results and Discussions

A map of potential soil loss (under conditions without vegetation) is shown in Fig. 2(A). The site is
bounded by a highway with a high waterproof embankment to the south, and a thick field protection
forest belt is located on the western side, which virtually eliminates the entry of water flows. That is
why potential soil losses along the western and southern boundaries of the site are minimal. Soil
elevations gradually increase along the slope of the northeastern exposure, which extends over 60% of
the total site area. It turns into a drainage hollow, which is not excluded from active cultivation. Its
bottom part is characterized by the highest losses of soil matter. The data on the results of image
processing using the D-InSAR method are shown in the cartograms of Fig. 2(B, C).
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Figure 2 A- USLE model. Vertical displacement map for study area, generated using the D-InSAR
method from Sentinel-14 image pairs: B - during the growing season; C - during the autumn-winter
season.

As we can see, local depressions, which we interpret as a consequence of soil loss, have different
spatial distribution trends for different seasons. During the growing season, when crops are being
grown, interrill erosion is more pronounced, caused by storm precipitation (Fig. 2B). During the cold
season, erosion events are caused mainly by temporary water flows from snowmelt. In this case, soil
washout is localized in places of concentration of such flows, namely the lower part of long slopes
and the bottom of drainage hollows. This situation is shown in Fig. 2C.
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Figure 3 Cross plot between USLE and vertical displacement value of control points according to D-
InSAR processing data and graph of frequency dependence between the indicators, the red box
demonstrates the relationship between the maximum values of the vertical displacement and the
values of soil loss model (for growing season, see Fig. 2B).
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In general, the mapping of the results of erosion modeling is more similar to the map of vertical
displacement obtained by D-InSAR method for the warm period (Fig. 3). Given the specifics of the
USLE model, which takes into account the peculiarities of vegetation, this is natural. The absence of
soil loss along erosion control boundaries can potentially be an indicator of their effectiveness.
However, the results obtained during the cold season seem to be more significant. If further research
proves the effectiveness of the method in this case, it could become the basis for the erosion control
reorganization of the territory.

Conclusions

Thus, it can be concluded that the method can be used to quickly indicate and localize the process of
soil washout and identify its main manifestations. This is evidenced by significant correlation
coefficients between the studied indicators. The correlation between the values of the results of image
analysis using the D-InSAR processing and erosion modeling was higher than the results of control by
determining the organic carbon content or specific magnetic susceptibility, the use of which is also
significantly limited.
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