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Geoinformation modeling of erosion processes in the basins of

small rivers (on the example of the river Horynka)

*K. A. Lukyanchuk (Department of Geodesy and Cartography, National University of Life and
Environmental Sciences of Ukraine), O. M. Pidkova (Department of Physical Geography and
Geomorphology, Kyiv Taras Shevchenko National University)

SUMMARY

The article considers geoinformation modeling of erosion processes within the basin of the small river
Horynka (Ternopil region, Ukraine). The stages of creating factor maps and the final map of soil erosion
intensity (erosion hazard) using the Universal Soil Loss Equation due to erosion and its modification
(USLE / RUSLE) are described. Potential soil losses due to erosion are determined and the main factors
that influenced them are reflected. The obtained data show that erosion risks change in accordance with
changes in the topographic gradient, as well as the vegetation cover of the Horynka river basin. The
results of the study should be taken into account when justifying the complex of anti-erosion measures
in the river basin, planning of environmental measures and rational use of natural resources in general.
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Introduction. The study of small river basins is due to the strengthening of anthropogenic load within
them, the reaction of landscape components, the intensification of erosion processes, the need to justify
the rational use of nature in conditions of intensive water erosion. It is also important for the
implementation of a set of environmental and anti-erosion measures (Pogrebnoy, 2009). The small river
basin is an indicator of the state of the environment due to the level of anthropogenic load on the
components of its landscape complexes (Kyryliuk, 2007).

Small rivers and their catchment areas are subject to significant anthropogenic pressure on the degree
of use of water and land resources. High plowing of lands, violation of agrotechnical methods of tillage,
insufficient forest cover of watersheds intensifies erosion processes within them. As a result, many
small rivers become shallow, overgrown, and lose their significance (Lemeha, 2017). That is, there is a
depletion of water and land resources, which has a negative impact on the environment and the economy
of the region. Therefore, the study of erosion processes in small river basins is extremely important.

The study area. The Horynka River is one of the main left tributaries of the Horyn River (Pripyat River
Basin), it belongs to the small rivers and flows within Kremenets District of Ternopil Region. The river
originates from the springs on the southwestern outskirts of the village Horynka and flows into the river
Horyn in the village Yuskivtsi. It flows in the eastern - southeastern direction. The length of the river is
32 km, the average slope is 1.6 m / km. The valley is trapezoidal, up to 2 km wide. The floodplain is
bilateral, in some places swampy, up to 500 m wide. The river is winding, 2-5 m wide. The basin of the
Horynka River is asymmetric, it has a flat, slightly undulating relief. The area of the pool is 115 km.
Tributaries of the river are small streams. The feeding of the river is mixed (Svynko, 2007).

The basin of the Horynka River is located on the north-western slopes of Podil Upland. The surface of
the basin is a structural forest plain with alternation of flat undivided relief and beam erosion forms.
Absolute heights vary from 235 to 365 m. According to climatic conditions, the Horynka river basin
belongs to a humid, moderately warm agro-climatic zone with sufficient moisture. The average rainfall
is 600 mm per year. Fertile soils are widespread on the terraces of the Horynka River - podzolic
chernozems and deep low-humus chernozems (Svynko, 2007), on which crops are actively grown. Such
combinations of conditions contribute to the intensive development of water erosion.

Materials and methods. Based on the analysis of research by domestic and foreign scientists, the most
optimal approach to the study of water erosion with the help of geoinformation technologies was
determined - geoinformation modeling of erosion processes.

The first stage of implementation of geoinformation modeling is the creation of a database consisting
of attributive and cartographic information. The following data were used for the study: satellite images
LANDSAT 8 and Sentinel-2 (2015-2018); digital elevation model SRTM with a spatial resolution of
30 meters (2000); topographic maps of scale 1: 50000, 1: 10000; daily data on the amount of
precipitation for the 50-year period (1968-2018), which were summed up and averaged over the month;
materials of large-scale soil research and soil cover maps on a scale of 1: 10000.

To perform geoinformation modeling of erosion processes a Revised Universal Soil Loss Equation
(RUSLE) (Renard et al., 1997) was chosen, which allows to estimate soil losses due to erosion and
determine the areas most susceptible to water erosion. The advantage of the RUSLE model is that it
takes into account most of the factors that play a dominant role in soil erosion processes, in particular,
precipitation erosion (R-factor), soil properties (K-factor), relief (LS-factor), vegetation (C-factor), anti-
erosion measures (P-factor). They are widely used to assess losses and the risk of soil erosion, as well
as to plan land use development and erosion control in small river basins (Boggs et al., 2001).
Preliminary data processing, modeling of RUSLE factors and erosion processes were performed in the
software environment ESRI ArcGIS (version 10.7.1) and SAGA GIS (version 7.2.0). All maps of the
study area were designed using the Mercator universal transverse projection coordinate system (UTM),
zone 35N, ellipsoid WGS 1984 (World Geodetic System 1984).

Results of the research and their analysis. The RUSLE is an empirical equation of soil erosion,
which not only determines the intensity of erosion, but also reflects its spatial heterogeneity:
A=RKLSCP, (1)
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where A is the average annual modulus of soil loss (t / ha per year); R - the rainfall-runoff erosivity
index (MJ - mm/ ha - h - year); K is the soil erodibility factor (t - ha - h/ha - MJ - mm); LS - topography
factor (slope length and steepness); C — cover-management factor; P - factor for supporting practices.
Using the above data, the values of all factors of the modified universal equation of soil losses RUSLE
are calculated and maps of their spatial distribution are created.
The rainfall erosivity factor (R) for each rainfall was determined as the result of the total kinetic energy
of the rainfall per unit area and the maximum 30-minute rainfall intensity. Thus, the rainfall erosivity
factor (R) was calculated as the average sum of R-factor values for individual rainfall. For those areas
where the data required for the calculation are not available, alternative approaches to estimating the R-
factor are usually used. After analyzing many different approaches to determining the R-factor, we
focused on the equation of German scientists Schwertmann and others (Schwertmann et al., 1990), as
the natural conditions of application in Germany and Ukraine are quite similar.

R=0,83-P-17,7 )
where P is the annual rainfall.
Daily meteorological data of 14 meteorological stations for the period from 1968 to 2018 (European

Climate Assessment & Dataset) were used to calculate the average annual precipitation. The spatial
distribution of precipitation in the study area was reflected by the method of kriging. Using equation
(2), the spatial distribution of the R-factor value was calculated (Figure 1a). Within the river basin, R-
factor values increase from 500 to 510 MJ - mm / ha - h - year in the direction from southeast to
northwest, due to the same spatial distribution of precipitation and atmospheric circulation.

The factor of soil erosion susceptibility (K) depends on the following soil characteristics: the
percentage of different particle size fractions in the soil, the content of organic matter (humus), the
parameter of structure, the indicator of soil water permeability. Direct determination of K-factor is a
rather time-consuming procedure, so in RUSLE to calculate the K-factor a nomogram (Wischmeier and
Smith, 1978) or the formula (Wischmeier and Smith, 1978): is used
K=[21%x10"*(12 — a)M** + 3,25(b — 2) + 2,5(c — 3)] x 0,01292 3)
where M = (% fraction 0.1-0.002 mm) X% (% fraction 0.1-0.002 mm +% fraction 2-0.1 mm); a - humus
content (%); b - structure code; c - water permeability class.

Using equation (3) and a vectorized soil map in ArcGIS, the K-factor was calculated and a map of the
spatial distribution of the K-factor (Figure 1¢) was compiled using the inverse distance weighted (IDW)
interpolation method. The values of the K-factor within the river basin are uneven and depend largely
on the type of soil. Thus, the least erosive soils are chernozems podzolized. The most erosively
vulnerable ones are the dark gray podzolic soils, which occupy large areas within the basin of the
Horynka River.

The slope length (L) and the steepness coefficient (S) reflect the influence of relief on erosion. Factors
L and S are determined by formulas, there are also special tables and nomograms (Wischmeier and

Smith, 1978; Wischmeier et al., 1971), which can be used without complex calculations to obtain LS
(Yamelynets and Kit, 2007). In addition, there is software that automatically calculates various terrain
indicators, including the LS factor, based on the DTM. For example, in SAGA GIS you can calculate
not only the basic morphometric parameters, but also the LS-factor (4 algorithms to choose from).

The LS factor was calculated from the DTM data. A previous study (Kovalchuk et al., 2019) found that

SRTM is best suited for modeling erosion processes, so LS-factor was calculated on the basis of SRTM
(using SAGA GIS) and a map of the spatial distribution of LS-factor (Figure 1b) was obtained. The
largest values of LS-factor are characteristic of the slopes of the river valley, especially the right
tributaries of the Horynka River. The lowest values are for relatively leveled areas, such as river
terraces.

Cover-management factor (C) is used to reflect the impact of agricultural practices on agricultural land
and the impact of vegetation and other land cover on erosion. This is the ratio of soil losses under a
certain type of vegetation to the corresponding soil losses under pure steam (Renard et al., 1997). C
factor is dimensionless, its value ranges from O (for a completely non-erosive state in areas with high
vegetation) to 1, which corresponds to a large loss of soil due to erosion in the uncovered area of soil
(Renard et al., 1997). The role of vegetation can be assessed using vegetation indices based on satellite
images. NDVI is the best known one of the vegetation indices, which reflects the current state of
vegetation. The difference in the spectral reflection coefficient between near infrared (NIR) and red
colours is used to calculate NDVI (De Jong and Riezebos, 1997).
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To determine NDVI, 24 satellite images from LANDSAT 8 and Sentinel-2 for the growing seasons
(April-October) 2015-2018 were used. For each of the 24 images NDVI was calculated and seasonal

averages were determined and at the end the average annual NDVI value was determined.
NDVI

(= e "(B-NDVDThe equation of Van der Knijff and others (Van der Knijff et al., 1999) was used to
calculate the C-factor on the basis of NDVI:

__ NDVI
(= e “(B-nDVI) )

where o and f are parameters that determine the shape of the NDVI-C curve.

For European climatic conditions the values of 2 and 1 are the most representative parameters o and 3,
respectively (Van der Knijff et al., 1999).

The C-factor was calculated using equation (4) and the average annual value of NDVI in the ArcGIS
environment, a map of the spatial distribution of the crop rotation factor was created (Figure 1d). High
values are observed in the western and southern parts of the river basin (arable land). The central part
of the basin in the area of the river valley and under the forests has the lowest C-factor values.

The factor of soil protection measures (P) reflects the impact of soil conservation measures. The P-
factor ranges from 0 to 1, where values close to 0 show positive soil conservation results, and values
close to 1 indicate the absence of these measures (Ganasri and Ramesh, 2016). The P-factor was taken
as "1" due to the lack of data on the implementation of soil protection measures on the study area.
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Figure 1 Spatial distribution of RUSLE equation factors in the Horynka river basin: a) R-factor, b)
LS-factor, c) K-factor, d) C-factor

Using the layers with the spatial distribution of the factors of the RUSLE equation, the potential soil
losses due to erosion in the basin of the Horynka River were calculated using the ArcGIS raster
calculator tool by multiplying all factors. The maximum value is 355, the minimum - 0, the average -
12 t / ha per year. The classification of the obtained values of potential soil losses due to erosion is
carried out according to the categories 0.5-2, 2-5, 5-10, 10-20, 20 and more t / ha per year (Figure 2).
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Figure 2 Map of potential soil losses in the Horynka river basin due to erosion (t / ha per year)

The spatial distribution of soil losses in the basin of the Horynka River is quite diverse, values range
from 0.0-2.0 t / ha per year in the central part and in the south of the study area to more than 20 t / ha
per year in the south-eastern and north-eastern parts (Figure 2).

The highest values of potential soil losses are spatially correlated with areas that are not covered with
vegetation, arable land, lands with row crops and steep slopes, confined mainly to the banks of rivers
and gullies within the basin. The lowest numerical values correspond to the forested areas and the valley
of the Horynka River. In general, the relief and vegetation, which also reflects the impact of human
activities, have the greatest influence on the intensity of erosion processes in the river basin.

Conclusions

The basin of the small Horynka River is characterized by the active development of erosion processes,
due primarily to the terrain and anthropogenic load on it, which is expressed through the state of
vegetation and agricultural development. Modeling of erosion processes using the RUSLE equation
with the integration of remote sensing and GIS methods allowed to identify erosion-hazardous areas
and map the erosion hazard of the river basin. The average annual values of soil losses due to erosion
vary from 0 to 355 t / ha. Areas of land areas with the highest potential intensity of erosion processes
predominate in the south-eastern and north-eastern parts of the basin. The results of the study can be
used in the development of a set of environmental and anti-erosion measures within the basin of the
Horynka River, which are necessary to optimize the use of small river basins in general.
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