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Abstract: Landscapes in the southern part of the Privolzhsky Upland represent a complex ecological system, function-
ing in severe geomorphological and climatic conditions. The study of erosion degradation and zoning of the southern 
part of the Privolzhsky Upland, limited by the interfluve of the Volga and Ilovlya rivers, with a total area of 1,156 
thousand hectares, where the dissection of the gully and ravine network is 0.4–1.0 km·km–2, reaching in some places 
3.5 km·km–2 was carried out by the methods of the joint analysis of digital elevation model, large-scale topographic 
cartographic basis and satellite images of the studied territory, using specialized programs and geographic informa-
tion systems “Surfer” and “QGIS”, using the developed equation (S = 240exp(–(H–98.6)2/(–2,798.4)) + 2.16), which 
provides a simulation in landscape analogues. Studies provide an opportunity to identify the quantitative parameters 
of the landscape for each of the selected contours, to determine the most vulnerable areas to erosion, which will allow 
us to develop a plan of work to prevent the washing away of the fertile soil layer using the example of our modelling.
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Landscapes of the southern part of the Privol-
zhsky Upland represent a complex ecological sys-
tem, functioning in severe subarid conditions, in 
connection with which it is in a state of unstable 
equilibrium. Any external influence on this system 
exceeding the stability threshold removes it from 
equilibrium and, like any self-regulating system, it 
tends to return to its original state.

Water and wind erosion of soils, salinity, deserti-
fication and other processes leading to the degra-

dation of agricultural lands are among the danger-
ous processes occurring in the landscapes under 
consideration. Erosion is one of the most danger-
ous forms of degradation, causing the destruction 
of soils and the loss of their fertility.

The territories in the south of Russia are vulner-
able to erosion, where 24.3% of the lands are ex-
posed to this type of degradation.

The intensity and spatial distribution of erosion 
processes determine the decline in the fertility 
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of agricultural lands in agro-forestry landscapes, 
which makes it necessary to identify the indicators 
that characterize them.

Aerospace researches of landscapes, geo-infor-
mation technologies and computer modelling open 
new opportunities for complex estimation of agro-
landscapes taking into account the time factor. The 
works of Rulev and Yuferev (2007), Kulik et al. 
(2010), Kulik and Yuferev (2010) showed the effec-
tiveness of these methods in studying the changes in 
landscapes associated with the impact of natural and 
anthropogenic factors.

The agro-landscapes in the south of the Privol-
zhsky Upland are confined to the area of ​​medium 
and severe erosion (Armand 1956). The erosional 
state of the area under study is distinguished by 
a high gully and ravine dissection, sometimes ex-
ceeding 2 km·km–2, which, combined with the pres-
ence of sloping lands, reduces the arable land area, 
worsens its quality, lowers the groundwater table, 
etc. Eroded land is characterized by a variety of soil 
and geomorphological conditions that affect the 
nature of their economic use.

The relief dissection is determined by the hydrolog-
ical regime of the territory: by flushing and erosion 
of the soil, especially on the sloping sides of the east-
ern and southern exposures (Shvebs 1974). Signifi-
cant areas of beam slopes with angles of inclination 
greater than 5° are occupied by washed-out soils, bed-
rock outcrops. Such a state of landscapes stipulates 
the need for continuous afforestation of the slopes of 
beams that are not suitable for agriculture.

The various parts of ravines and gullies differ in soil-
geomorphological and vegetative conditions, in the 
manifestation of soil erosion, in the possibilities for 
their economic use (Bettis 1983; Dicky, Jasa 1984; 
Lee 1984; De Roo et al. 1996; Morgan et al. 1998).

In connection with the foregoing, we can con-
clude that water erosion is the most dangerous of 
the degradation processes occurring in the Privol-
zhsky Upland, due to the peculiarities of both geo-
morphological and climatic conditions.

Based on the analysis of data characterizing the 
landscape features in the south of the Privolzhsky 
Upland, it can be concluded that there is a complex-
ly formed landscape with a pronounced dissected 
relief due to the diversity and high saturation of the 
erosion forms. The dissection of the gully and beam 
network is 0.4–1.0 km·km–2, in some places reach-
ing 3.0–3.5 km·km–2 or more. The depth of the ero-
sion network incision varies from 40 to 120 m. The 

features of the landscapes in the southern part of 
the Privolzhsky Upland with the presence of rela-
tively easy erodible layers do not ensure the stabil-
ity of the lithological base, creating the prerequi-
sites for erosion. All this together with the basis of 
erosion, reaching 11 m, determines the predisposi-
tion to the manifestation of soil erosion.

The development of erosion degradation, even in 
conditions of the existing agroforestry-ameliora-
tive complexes, indicates the need for further study 
of this problem, identification of contributing fac-
tors and development of refined agroforestry tech-
niques to prevent this dangerous phenomenon. 

MATERIAL AND METHODS

The definition level of the degradation is the main 
element of their management. At that, it is necessary 
to establish not only the level of erosion degradation, 
but also the situation of degraded sites in the land-
scape. In this regard, the study of erosion degrada-
tion and zoning of the territory according to its lev-
els is carried out by the methods of the joint analysis 
of digital terrain model, large-scale topographic car-
tographic base and space images of the study area, as 
well as additional information obtained as a result of 
field research, using specialized programs and geo-
graphic information systems (GIS) “Surfer” (Version 
13, Golden Software, USA) and “QGIS” (Version 
3.4.8 "Madeira", Free Software Foundation, USA).

Geo-information support of landscape manage-
ment is now becoming a priority, included in the or-
ganization of anti-erosion measures (Gerasimov 
et al. 2002). Among the most important sources of 
information about landscapes and their condition 
are the results of remote sensing – optical and ra-
dar images of the surface (Yuferev 2007).

The study of agro-landscapes is carried out using 
aerial and space surveys and is based on the results 
of their geomorphological, geo-botanical, soil-
ameliorative, erosion and other surveys.

Landscape mapping is based on drawing up a se-
ries of maps characterizing the natural potential of 
the studied area, its environmental conditions, as 
well as the current state of the natural and terri-
torial complexes. Mapping of agro-landscapes in-
cludes: (1) preliminary interpretation of images; 
(2) field calibration; (3) extrapolation of decryption 
features; (4) field inspection; (5) final interpretation 
and mapping (Yuferev et al. 2010).
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It is noted here that the interpretation of images for 
mapping is different from the usual estimation of the 
structure and texture of the image to identify contours 
and boundaries of objects and their spatial analysis.

Input spatially distributed data of the model of 
agro-landscapes are specified in the form of raster 
electronic maps characterizing the relief, soils, the 
nature of land use, vegetation in the catchment area, 
as well as morphometry and hydraulic resistance of 
the bed and floodplain (Van der Perk et al. 2000). 
As a result of the simulation, digital flow, flush and ac-
cumulation maps are created, as well as tabular data 
characterizing the course of runoff, flushing, turbid-
ity and final values ​​using large-scale topographic and 
soil maps and high resolution satellite imagery from 
GeoEye (Version 1, DigitalGlobe, General Dynam-
ics, USA), WorldView (Version 3, DigitalGlobe, Ball 
Aerospace & Technologies, USA), and others.

Computer mapping allows solving a wide range of 
problems in the modelling and study of landscapes:
– determination of coordinates of terrain points;
– determination of land areas;
– construction of three-dimensional models of ter-

rain, etc.
This approach is most consistent with the direc-

tion developed for mapping and modelling of ero-
sion degradation in agro-landscapes in the south of 
the Privolzhsky Upland.

To date, space-based digital scanner imagery in 
terms of coverage, repeatability and regularity has 
no other alternative, and by resolution it approaches 
analogue aerial photographs. The existing databases 
of archival and actual space images have created a 
new information environment, with the possibility 

of constant monitoring of selected research objects. 
The task that must be solved in this case is the devel-
opment of methods for analysing information and 
methodology for developing the required map layers 
and, on their basis, GIS technologies for mapping 
agro-forest landscapes (Rulev et al. 2013, 2014).

Thus, the simulation of agro-landscapes in the GIS 
environment makes it possible to characterize with 
some certainty their parameters, to reveal the dynam-
ics and to estimate the level of erosion degradation.

RESULTS AND DISCUSSION

The study of the relief features by the developed 
local digital model based on the global model Aster 
GDEM makes it possible to develop analytical depen-
dences for the description of stably repeating patterns, 
calculate the slopes and angles of the slopes for their 
extent in any direction, which is the basis for creat-
ing landscape plans. When processing data of digital 
models of heights, presented in the form of spread-
sheets with regular and irregular steps, algorithms for 
determining slopes and exposures of slopes were pre-
viously developed. They are based on the sliding win-
dow method with elevations at the nodes of the regu-
lar grid. Examples of data processing and methods are 
given in the work edited by Yuferev et al. (2010). 

As a result of geoinformational studies of the re-
lief of the southern part of the Privolzhsky Upland, 
limited by the interfluve of the Volga and the Ilovlya 
rivers, with a total area of ​​1,156 thousand ha, it has 
been established that territories with the absolute 
height of 50–150 m are predominant (Figs 1 and 2),  

Fig. 1. Distribution of the study area (S) over the absolute altitude ranges (H)
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occupying about 80% of this area. For example, 
the area of ​​the territory having a height of 120 m is 
250,000 ha or about 22% of the total research area. 
The minimum height is –31 m, the maximum height 
is 270 m, the average height is 104.9 m, the standard 
deviation is 41.1 m. 

Statistical analysis of the obtained data using the 
STATISTICS software (Version 6, StatSoft, USA) 
on the distribution of areas S over the altitude rang-
es of 20 m with the lower boundary of the –30 m 
 ranges showed good agreement with the Gaussian 
curve (R2 = 0.986, RMSE = 11.5), the equation of 
which was found as (Eq. 1):

 268.6
2,798.4240 2.16

H

S e


  	  (1)

where:
S – area (ha); 
H – lower limit of the absolute height range (m).

Since cellular-node digital elevation models are in-
herently discrete, interpolation methods are used to 
restore the height field at any point, the most com-
monly used method is universal kriging (Yuferev 
et al. 2010). Available in modern mapping and geo-
information software packages (Surfer, QGIS) math-
ematical functions provide both a digital description 
of the calculated characteristics of the relief and vi-
sualization of these calculations. This makes it pos-
sible to build maps of the angles of slopes. 

The need to determine the slope angles is de-
termined by the task of assessing the risk of water 
erosion, which involves the calculation of morpho-
metric and soil characteristics, and the level of an-
thropogenic impact is determined by the equation 
of soil erosion USLE (Universal Soil Loss Equation), 
proposed by Wischmeier and Smith (1978).

Statistical analysis of the distribution of slope an-
gles showed that the main background is made up 

Fig. 2. Digital model of the elevation of the southern part of the Privolzhsky Upland with shaded areas

  20      45 km

50°00'

49°00'

45
°0

0'

46
°0

0'

44
°0

0'

350

300

250

200

150

100

50

0

–29

H (m)

white dashed line – research area boundary

https://www.agriculturejournals.cz/web/jfs/


199

Journal of Forest Science, 65, 2019 (5): 195–202	 Original Paper

https://doi.org/10.17221/141/2018-JFS

of areas with angles from 0 to 3°, an average value of 
1.6°, a standard deviation of 1.7°. Maps provide the 
identification of the most dissection territories and 
the selection of objects for further development of 
plans for their landscape arrangement.

The area of ​​the catena of the Ilovlinsky catchment 
area is 776,570 ha, with the length of the tributaries of 
the first, second and large third order of 1,937.8 km,  
the total dissection is 0.25 km·km–2. The area of ​​the 
Volga catchment area is 420,230 ha, the length of 
the thalweg is 1,634.1 km, the total dissection is 
0.39 km·km–2.

Thematic mapping of erosion degradation was 
carried out in the study of agro-landscapes in the 

south of the Privolzhsky Upland. The geomorpho-
logical research area is represented by structural 
and denudation terraced areas of the southeastern 
end of the Privolzhsky Upland. The relief and struc-
ture of the territory determined the genesis of the 
soil-geomorphological catena of the southeastern 
end of the Privolzhsky Upland with high dissec-
tion of the gully and ravine network (up to 1.5 to 
2.0 km·km–2). The main relief-forming rocks here 
are Paleogene-Syzran siliceous marl and siliceous 
marl-form sandstones, as well as sands and sand-
stones of the Tsaritsynsky Stage. 

As a result of the research carried out by Karan-
deeva (1957), the general geomorphological char-

Fig. 3. Scheme of land location in the research area (f 1–47 – number of forest plantations, а 1–23  – area of arable land)

1 – erosion relief, 2 – erosion of the soil, 3 – output of underlying rocks
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acteristics of the territory under consideration were 
obtained. In contrast, our studies were carried out 
using a digital elevation model and actual satellite 
images, comprehensively, taking into account both 
natural and anthropogenic changes in agricultural 
landscapes, causing their degradation, while the re-
lief characteristics were revealed and their spatial 
distribution was established. Methods for assess-
ing the shape of the slopes proposed by Bondarev 
(1996) assume that when calculating the structur-
al elements of the relief that form its framework 
(lines of thalwegs and watersheds, keel and ridge, 
base and top), modelling of surface runoff lines is 
carried out. In the same way, the boundary of the 
catchment is established (the watershed line), and 
the drain lines determine the erosion pattern ap-
proximately corresponding to thalwegs.

Fig. 3 presents a generalizing geo-information 
layer on which the forest resources, arable land 
and the research area as a whole are highlighted by 
contours, which is a typical agro-forest landscape 
with the presence of beam forests, protective for-
est plantations and agricultural lands typical of the 

Lower Volga region. In this case, the current satel-
lite imagery was used as a basis for the spatial map 
and the subsequent allocation of land contours us-
ing it makes it possible to determine the degree of 
erosion degradation taking into account their pur-
pose and location in the landscape. As a result, it 
was found that the area of arable land is 1,984.75 ha,  
forest plantations 698.77 ha, pastures 1,135.3 ha in 
the research area of 3,818.80 ha.

Studies have made it possible to identify the fea-
tures of the terrain as a research area as a whole, 
and individual sites. For example, for the plot of 
“arable land 5” (Fig. 4), it can be noted that the basis 
of erosion in the considered landscape is 50 m, the 
height difference is 207 m, and the maximum slope 
angle is 13.55°.

The maximum slope of the plot used for arable 
land is observed in the contour “arable land 5”, an 
area of ​​55 ha, and is equal to 6.48°. The length of the 
slope is 487 m.

The slope is concave, clearly divided into 2 parts: 
the average steepness with an average inclination 
angle of more than 6°, a length of 290 m and a very 

Fig. 4. Visualization of the 3D model of the area of arable land “a 5”
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flat one, with an average angle of 1.6°, a length of 
197 m. The height difference in this section is 38 m. 

The slope is of medium length. The contour un-
der consideration is now strongly eroded, traces of 
linear (tautness) and flat (eroded) erosion are clear-
ly visible on the spatial map.

On the perimeter of the contour there are 3 efflu-
ent-regulating forest belts. At present, only 2.18 ha, 
or 42%, remain of 5.16 ha of plantations. The strips, 
instead of regulating the runoff, concentrate it in 
this form, so that an increased level of erosion deg-
radation is observed in the places where the planta-
tions die.

CONCLUSIONS

Thus, in the joint geomorphological analysis of 
the digital elevation model and the spatial map, the 
quantitative parameters of the relief for each se-
lected contour were identified.

An analysis of the distribution of areas (S, hect-
are) over the altitude ranges of 20 m (R2 = 0.986, 
RMSE = 11.5) allowed to develop an equation in 
the form S = 240exp(–(H–98.6)2/(–2,798.4)) + 2.16,  
the use of which provides for the simulation of such 
a distribution in landscapes analogues.

It is established that the area belonging to the 
catchment area of the Ilovlya river is 776,570 hect-
ares, with the length of the tributaries of the first, 
second and third order of 1,937 km, and the total 
dissection is 0.25 km·km–2. The size of the catch-
ment area of the Volga river is 420,230 hectares, the 
length of tributaries is 1,634 km, the total dissec-
tion is 0.39 km·km–2. Such characteristics indicate 
vulnerability of landscapes to soil erosion.

It can be noted that mapping and modelling of the 
geomorphological features of the agro-landscape 
based on regular satellite images made it possible 
to proceed to locating and selecting the contours 
of erosion degradation. At the same time, parts of 
the landscape were identified by separate contours. 
Such a selection made it possible to reveal changes 
in the shape and area of the contours in time.

Geo-information analysis of the territory in the 
south of the Privolzhsky Upland made it possible 
to determine the most vulnerable areas to erosion, 
which would allow choosing the optimal variant of 
landscape protection in the development of envi-
ronmental rehabilitation plans and to identify mea-
sures to prevent the washing away of fertile soil layer.
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