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SUMMARY 

Soil erosion is a major environmental problem, especially in regions economically dependent on 
agriculture. The purpose of this study is to analyze the use of remote sensing materials in monitoring of 
erosion processes. Multi-temporal image analysis, such as Landsat-5 TM and Landsat-8 OLI, or other 
multispectral images can be used for research. Remote sensing has proved to be a good method for 
timely investigation of soil erosion over large areas. 
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Introduction 
 
Soil erosion is a very serious environmental problem for many areas around the world. The 
development and management of effective erosion-control programs require a thorough 
understanding of erosion processes, the ability to measure and estimate erosion rates 
accurately, and effective techniques of monitoring. Study of soil erosion is important and very 
complex, because the level of erosion risk is affected by multiple variables, including cropping 
systems, climate and topography. Identifying the landscapes and factors that present the 
greatest risk is an important step in targeting and developing localized management 
approaches, where they are most needed. All this causes a constant need for accurate and actual 
data. Moreover, any study of erosion processes and their factors must be based on accurate 
monitoring of their characteristics during at least several decades. 
 
Method and theory 
 
Methods of remote sensing have been widely used since the 1990s in the study of erosion 
processes. During this period of development, the purpose of Earth observation has shifted 
from single-field surveys to meeting the needs of the overall development of human society. 
Due to the variety of sensors on spacecraft, which are orbiting the Earth, remote sensing makes 
an important contribution to erosion estimation at different spatial levels. Studies have found 
that the use of remote sensing methods has the potential to identify eroded areas and monitor 
erosion processes at regional levels. (Dhakal et al.,2002; Ilienko et al., 2019; Lu et al., 2007; 
Prince et al., 2009; Sepuru and Dube, 2018; Servenay and Prat, 2003). Several methodologies, 
which are used to monitor erosion, include spectral data (Lu et al., 2007), vegetation indices 
(Dhakal et al., 2002) and combinations of remote sensing and morphological data. We would 
note such Ukrainian scientists, who have investigated the use of remote sensing data for the 
detection and monitoring of erosion processes, as Svitlychnyi O. O., Mkrtchian O. S., Kutsenko 
M. V., Truskavetskyi S. R. (Truskavetskyi et al., 2015), Kostrikov S. V., Tarariko O. H., 
Kuchma T. L., Illienko T. V. (Ilienko et al., 2019), and such foreign scientists as Lisetskyi F. 
M., Hofierka J., Alexandridis T. K. 
 
Result 
 
Remote sensing data is an important source of information for mapping, monitoring and 
predicting soil erosion. With the help of remote sensing of the Earth, you can quickly get 
information about the development of erosion processes, to observe them both at a specific 
moment and dynamics over time. Although satellite imagery is expensive, materials for 
researches are sometimes provided for free. Thus, the main advantages of remote sensing are 
speed, accuracy and price. The remote sensing based methods provide a cost-effective way to 
investigate soil erosion where there are not accessible territories or direct field methods are 
expensive.  
Monitoring of erosion processes should consist of the following steps:  
- Analysis of the factors of erosion processes in the studied area.  
- Selection of remote sensing materials in the studied area, their analysis, processing and 
detection of erosion processes. 
 - Studying the dynamics of erosion processes by series of different satellite images of the 
territory studied and comparing them with old topographic maps.  
- Creation of thematic cartographic materials.  
- Prediction of the development of erosion processes.  
- Creation of a scheme of application of anti-erosion measures.  
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From the satellite images we can get information about the set of erosion factors - the 
topography, soils, vegetation, land use. Terrain characteristics can be obtained from digital 
elevation models created by satellite image processing, such as ALOS, SRTM, ASTER 
GDEM. On this basis, the slope and shape of the slope profile, aspect of slope, horizontal and 
vertical dismemberment of the earth's surface can be calculated. These indicators detect areas 
with different potential for the development of erosion processes - plane and linear erosion.  
To assess the condition of the vegetation cover and its impact on the development of erosion, 
it is necessary to classify a satellite image to determine the types of land use. It is also possible 
to calculate the NDVI index, by which the vegetation density is estimated, and through it the 
degree of protection of the earth's surface from plane erosion is determined. NDVI defined as 
the normalized difference of the red and near-infrared (NIR) wavelengths of the imaged 
features.  
Satellite-based spectral indices, such as Normalized Difference Vegetation Index (NDVI), 
Normalized Difference Soil Index (NDSI), Tasseled Cap Transformation (TCT), along with 
Linear Spectral Unmixing Analysis (LSMA) have been frequently used to estimate soil erosion 
processes, to investigate soil exposure, to measure soil reflectance, to evaluate soil erosion 
status and assess soil properties (Xu et al., 2019). Changes in the color, structure of soil, 
placement in space can be the indicators of their degradation. Therefore, spectral indices based 
on the reflectivity of the soil surface such as form index (FI), coloration index (CI), brightness 
index (BI) are used to characterize the soil condition. Color is an important parameter which 
can characterize the condition of the soil. The spectral characteristics of soils depend on their 
composition and moisture content. Eroded soils have a lower humus content, a lighter shade 
and, accordingly, a low coloration index. The spectral reflectance of soil, which is characterized 
by form index, depends on the content of iron oxides and carbon compounds. Low reflectance 
is usually associated with a low degree of erosion (the presence of iron oxides, the absence of 
carbonates). Brightness index allows you to distinguish vegetation from uncovered soil. 
Therefore, it is widely used as an indicator of soil erosion. The low level of brightness index is 
explained by the vegetation cover, and the high level is explained by the uncovered surface. 
Form index, coloration index, NDVI are considered the best combination among all the indexes 
combinations according to El Jazouli and others (El Jazouli et al., 2017). 
Currently, several dozen high spatial resolution (30 cm to 15 m) satellite Earth observation 
systems perform near-Earth space in different spectral ranges.  In studies of erosion processes, 
optical satellite systems are most commonly used. First of all, images of satellites such as 
Landsat, Sentinel, SPOT, RapidEye, WorldView, and decommissioned IKONOS, QuickBird 
are used. Landsat is still one of the most commonly used, because it represents the longest 
continuously-acquired collection of space-based moderate-resolution land remote sensing data. 
Ones of new launched satellites, such as Landsat-8 (spatial resolution varies from 15 to 100 m) 
and Sentinel-2 (spatial resolution varies from 10 to 60 m), with improved spectral, radiometric 
and spatial characteristics, provide freely available multidimensional erosion data (King et al., 
2020).  
Satellite remote sensing data is used to directly identify erosion areas and sediment 
accumulation sites. In our studies, detection of eroded areas was achieved by identifying the 
degree of soil erosion and estimating the erosion intensity based on empirical equations 
(Universal Soil Loss Equation, Revised Universal Soil Loss Equation etc.). Consequences 
identified include damage caused by erosion processes, sedimentation of sediments in 
reservoirs, river floodplains, and at slopes. Usually eroded areas are easy to detect because they 
are different from the environment: the density of the vegetation decreases, the properties of 
the soil cover change, etc. Visual detection should be carried out in the following order: 
recognition, classification, interpretation. In recognition based on the knowledge, experience 
and skills of a specialist, direct deciphering features are defined: shape, size, tone (brightness), 
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structure or texture, spectral or photometric characteristics, as well as indirect and complex 
features (Ilienko et al., 2019).  
With multi-temporal analysis of the Landsat-5 Thematic Mapper and Landsat-8 Operational 
Land Imager images for 1985, 1994 and 2019 years (Fig. 1), we can observe the dynamic of 
erosion processes on regional level. 
 

 
Figure 1 Dynamic of development of erosion processes on satellite images Landsat-5 and 
Landsat-8 (territory of Shumsk Raion Ternopil oblast) 
 
A researcher, who analyzes satellite imagery, can often provide more accurate results in 
determining eroded soils. However, the detection of visual changes is difficult to replicate 
because different researchers produce different results. In addition, visual detection has 
significant costs for data collection and processing. An alternative to visual interpretation is the 
automatic detection of eroded lands by satellite imagery. A. Serveney and C. Prat (Servenay 
and Prat, 2003) applied the SPOT multispectral data classification algorithm to distinguish four 
stages of erosion. Changes in surface condition can provide direct information on the 
occurrence of erosion. There is a wide variety of methods for detecting changes using satellite 
imagery (Coppin et al., 2004). The differences of the albedo between the different Landsat 
multi-spectral scanning system transitions revealed the degradation and erosion of the soil. A. 
S. Dhakal and others (Dhakal et al., 2002) showed that spectral differentiation methods of 
images, principal components analysis and vector analysis of spectral changes on Landsat 
images allow to detect and estimate with accuracy the intensity of erosion processes and 
flooding of territories due to extreme occurrence. With multiple digital elevation models the 
size of erosion and accumulation on regional level can be estimated (for example, comparing 
satellite imagery before and after heavy rain). 
Even though higher spatial resolution imagery, such as SPOT 6, 7 (1.5 m panchromatic 
resolution and 6 m multispectral resolution) and WorldView 1, 2 (46 cm panchromatic 
resolution, 1.824 m multispectral resolution) 3, 4 (31 cm panchromatic resolution, 1.24 m 
multispectral resolution) offer a high quality data for potential use in erosion mapping 
(Taruvinga, 2009), their availability remains questionable. Such high-resolution data is very 
expensive to acquire for large-scale erosion mapping (Vrieling et al., 2008) and may not be 
available for developing countries. Furthermore, they have low spectral sampling capabilities 
(Sepuru and Dube, 2018). 
Another way to study and monitor erosion processes is to classify satellite images. The 
classification should be based on formalized expertise in signature features (spectral, textural, 
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contextual) and their various manifestations. A procedure for obtaining calibration information 
is required to identify features. To determine the spectral characteristics and condition of the 
soil cover, in particular humus content, degree of erosion, etc., according to ground surveys, 
regression models and decryption characteristics are determined (Ilienko et al., 2019). 
 
Conclusions  
 
The analysis of the suitability of remote sensing data for the determination of the areas with 
soil erosion, monitoring, assessment of the effects on the soil and economic objects shows the 
availability of using a series of images to solve the specified range of problems. Satellite 
imagery allows to quickly and timely record the presence and intensity of erosion processes, 
predict their impact on the topography, soils, agricultural land and landscape systems and 
approve a set of measures to minimize their impact on the environment. 
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