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SUMMARY 

 
 

Partial modelling of erosion processes by using tools of Erosion RUSLE module was made on the 

territory of Sukhovolia village council in Brody district. The GIS-analysis (the process of search for 

spatial regularities of data extension and relationships between them) can be simple (from the start of 

the map creation) and complex (the model creation). The GIS-analysis method was chosen with 

consideration of the set goal and the way of the research findings application in science and practice 

The RUSLE was created to estimate long-term annual soil loss on the ploughed territories for the 

following development of a complex of measures to introduce a system of sustainable farming with 

agro-ecological substantiation. Application of GIS-technologies in computing will significantly 

simplify the procedure of obtaining final results and contribute to their complex analysis (Manuel R. 

Reyes, 1998). Development of GIS environment for analysis of the erosion loss of soil in Sukhovolia 

village council on the base of empiric equation (RUSLE) is the relevant solution of the problem. Basing 

on the aggregate data and composed schematic maps of erosion loss of the soil layer, calculated by 

means of the Erosion RUSLE module, the authors of the work have identified the erosion risky plots, 

dependence of erosion loss on the type of land use and slope steepness, as well as the ways to prevent 

the negative processes. It is determined that the RUSLE erosion model is created to estimate the long-

term average soil loss caused by surface water erosion on the specific area with different vegetation and 

system of soil treatment. 
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Introduction 

 

Nowadays, one of the kinds of humanity ecological safety is identified by the factor of soil degradation 

due to the negative impact of water erosion that is first estimated by significant intensity of erosion and 

volume of materials washed away. American geographers often use the word “erosion” to describe 

results of the effect of common factors of our planet surface denudation, particularly running waters, 

wind and others (Nakonechnyi Yu. I. 2021). On the territory of studied object, the majority of empiric 

models of computing erosion loss are manifested in a digital form with the average level of analysis 

(grey-box). Among such erosion models, one distinguishes the modified universal equation to assess 

soil erosion loss (Revised Universal Soil Loss Equation), hereafter called RUSLE (Kovalchuk I. & 

Mkrtchian O. 2007). 

 

Basing on the 20-year studies, conducted in 21 states of the USA, researchers have confirmed 

dependence revealed in the form of universal estimation of soil erosion loss (USLE). The USLE is a 

model created to compute loss caused by the surface erosion. Later, some corrections were made and it 

was renamed into Revised Universal Soil Loss Equation (RUSLE) for modelling and estimation of soil 

surface erosion (Manuel R. Reyes, 1998). 

 

A great number of works on USLE and RUSLE application for the territories of different sizes and 

anthropogenic burden confirms its universal character. 

 

Methods of investigation 

 

In the process of research, the following methods were used, particular comparative-geographical, 

morphological-genetic (profile), comparative-analytical, modelling and projecting, tools of Erosion 

RUSLE module. 

 

Initial and geological data 

 

Spatial modelling of erosion processes by using tools of Erosion RUSLE module was made on the 

territory of Sukhovolia village council in Brody district. Examination of the soil top layer on the council 

territory was conducted by applying the following methods, particularly comparative-geographical, 

comparative-analytical, method of standard colour scales, based on Munsell soil colour charts. Physical 

and chemical properties of soil were studied in laboratory conditions. However, to analyse the 

ecologically threatening problem of soil erosion in the chosen district, those methods were insufficient. 

Therefore, examination of the spatial changes of soil properties caused by water erosion and their 

relationships was made by applying technologies of geographic information systems (GIS). 

 

The authors of the research collected and processed the data of 2021 for the examined territory, which 

were necessary to create spatial erosion models by using ArcView 3.2 tools. The data have been 

properly composed and transformed into the vector format. 

 

The initial data, used for estimation of erosion intensity, contained a digital model of the relief, obtained 

by interpolation of hypsometric layers of the digital large scale topographic map (1:10 000 scale), as 

well as a plan of the village council area denationalization, and a soil map. To make quantitative 

modelling of the overland flow extension with the use of GIS-technologies, the researchers made a 

digital map of the studied area topography. 

 

The GIS-analysis (the process of search for spatial regularities of data extension and relationships 

between them) can be simple (from the start of the map creation) and complex (the model creation). 

The GIS-analysis method was chosen with consideration of the set goal and the way of the research 

findings application in science and practice. (Mitchell A., 2000).  

 

Modern information technologies are applied to create digital models of topography, which are used to 

compose GIS and to solve some scientific and economic problems. (Kovalchuk I.P., et al. 2008). The 
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GIS opportunities assist in interpreting spatial information in the diverse models and ways of depiction. 

In particular, recognition of topographic forms is expedient to be done not only in a traditional way, 

i.e., through depicting them by means of isolines (horizontals), but also by creating triangulated 

irregular network by horizontals (TIN – Triangulated Irregular Network). 

 

Results of investigations 

 

Erosion processes have caused irreparable damage to the land surface in Ukraine. They are the main 

degradation processes, which cause destruction of soil within boundaries of the studied territory. A 

substantial ecological burden on soil is done by agricultural chemicals. The analysis of published works 

and personal studies confirm the fact that water erosion is the main reason of soil degradation in 

Sukhovolia village council in Brody district of Lviv region.  

 

Erosion is the process of soil destruction by wind, water and other factors causing removal of erosion 

products outside its borders. It is produced both by natural and anthropogenic factors. It is determined 

that in Ukraine, general annual loss from erosion accounts for UAH 3.45 million, whilst the loss of net 

profit – UAH 2 billion.  

 

Among the anti-erosion measures, one should point out a new technological method of soil treatment, 

which is revealed in reduction of the amount and depth of tillage, combination of some operations due 

to protection of plant residues and husking on the land surface, flow and loss of nutrients are reduced 

5-10 times. The minimum tillage contributes to the effective fighting erosion due to reduction of soil 

density, increase of its humus content, improvement of the soil balance of nutrients and humidity (Hulko 

O. 2013).  

 

Eroded lands are characterized by worse physical, physical-mechanical, agrochemical and biological 

properties and therefore provide less yields. Erosion causes reduction of the thickness of arable layer, 

content of humus in soil, deteriorates its structure, composition, as well as water-air regime. During 

vegetation, the washed soil evaporates more moisture and absorbs little of it. The more intensive erosion 

is, the less moisture soil absorbs. In eroded soil, reserves of moisture are reduced by 14-22% producing 

less yield of agricultural crops. Even little eroded soil is usually characterized by reduction of grain 

yield up to 15% (Zaslavskyi M.N., 1979).  

 

The RUSLE was created to estimate long-term annual soil loss on the ploughed territories for the 

following development of a complex of measures to introduce a system of sustainable farming with 

agro-ecological substantiation. Application of GIS-technologies in computing will significantly 

simplify the procedure of obtaining final results and contribute to their complex analysis (Manuel R. 

Reyes, 1998). Development of GIS environment for analysis of the erosion loss of soil in Sukhovolia 

village council on the base of empiric equation (RUSLE) is the relevant solution of the problem.  

 

The program scenario (module) – extension Erosion RUSLE – is composed according to the principle 

of gradual introduction of all factors, which are necessary to estimate soil erosion loss. After activation 

of the Erosion RUSLE module, as well as such important applications and extensions as Spatial Analyst 

and 3D Analyst in ArcView 3.2a, additional tools for computing the soil erosion loss are added to the 

toolbar. The information window presents short characteristics of the modified universal equation for 

computing the erosion loss of soil (RUSLE) and introduces new options of the module for users. In the 

next dialogue box, one can identify boundaries of the territory, which suffers from erosion loss. The R-

factor is identified by available raster GRID layout called “R-factor of precipitation”. If precise 

meteorological data are available, the program module enables creating personal GRID layout with 

spatial distribution of the calculated R-factor. The estimated R-factor of precipitation is put into a 

separate column, which is used to build GRID layout by means of Spatial Analyst. In case no necessary 

meteorological data are available, the program uses the R-factor for Ukraine, supplied by M.N. 

Zaslavskyi. The K-factor of soil properties is estimated by the following dialogue boxes. They contain 

enough information for fast and effective computing of K-factor for some soil contours within 

boundaries of the studied territory.  
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Figure 1. Schematic map of soils of Sukhovolia village council and measures on fighting erosion 

(computing made with GIS-technologies and using Erosion RUSLE module) 

 

In compliance with the recommendations on employment of erosion risky lands on the studied territory, 

the researchers used the Erosion RUSLE module and produced a schematic map (Fig. 1) of the potential 

loss of soil layer because of erosion in case of implementation of prairie restoration and soil-protecting 

crop rotations on the territory. 

 

To estimate the amount of soil washed away of the slopes, both direct and indirect methods of studying 

are used. The most common method of research is direct measurement of the volume of water flow and 

silts from slopes on special experimental plots or in closed guards of slope watersheds. Such method of 

direct measurement of the volume of water flow and silts from slopes on special experimental plots 

needs conducting long-term stationary observations. Moreover, there are problems of extrapolation of 

the obtained point data on larger territories. Therefore, a more effective estimation of the rates of erosion 

and accumulation of soil materials on tilled slopes should be done with application of the indirect field 

and computing methods (empiric erosion models). 

 

To calculate S-factor of steepness and L-factor of length of slopes, it is necessary to build a 3D model 

of the studied territory topography (TIN layout) by applying tools of 3D Analyst. The C-factor of 

vegetation is calculated by applying the existing aggregate table data. When all required indices are 

introduced, the next dialogue box will inform about the process of calculation and visualization of 

erosion loss. 

 

Recommendations and conclusions 

 

Basing on the aggregate data and composed schematic maps of erosion loss of the soil layer, calculated 

by means of the Erosion RUSLE module, the authors of the work have identified the erosion risky plots, 

dependence of erosion loss on the type of land use and slope steepness, as well as the ways to prevent 

the negative processes. 

 

 Hence, the program module for computing the annual soil erosion loss within boundaries of the studied 

territory is created by integrating geographic information systems and the empiric RUSLE model. The 

program module is built on the base of ArcView and ArcGis software, characterized by extended 

analytical options to perform complicated arithmetic and logical operations with the vector and raster 

information. Creation of the Erosion RUSLE module has resulted in production of a raster layout of the 

volume of soil loss from the surface. 
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It is determined that the RUSLE erosion model is created to estimate the long-term average soil loss 

caused by surface water erosion on the specific area with different vegetation and system of soil 

treatment. The universal character of the model is confirmed by a great number of works with 

application of USLE and RUSLE for the territories of different sizes, with different natural properties 

and anthropogenic burden. The main goal of applying the created module is to use its results to develop 

practical recommendations on effective agricultural production.  
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