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ABSTRACT 

Formulation of the problem. Water erosion of soils is the most widespread and dangerous soil degradation process in Ukraine. 

The development of an effective system of soil protection measures requires the use of spatially distributed mathematical models of 

soil erosion losses. This, in turn, highlights the problem of spatially distributed source data, which adequately reflect the spatial differ-

entiation of factors of the erosion process, among which the main one is the relief. 

The purpose of the article. Assessing the adequacy of available spatially distributed source data, including cartographic and 

freely distributed global digital elevation models (DEMs), for spatially distributed quantitative assessment of soil erosion losses at the 

local level of territorial coverage is the aim of the article.  Assessing from this point of view the scale of the original cartographic data, 

different global DEMs and their spatial resolution, as well as the degree of spatial generalization of the original data.  

Materials and methods. The solution of the set tasks was performed by the method of simulation modeling with the use of 

physical-statistical GIS-realized mathematical model of soil erosion-accumulation, developed at Odessa I. I. Mechnikov National Uni-

versity. Source data arrays were tested with DEMs SRTM90 and SRTM30 with a spatial resolution of 3 and 1 angular seconds, respec-

tively, and AW3D30 with a spatial resolution of 1 angular second, as well as with cartographic DEMs based on topographic maps of 

scale 1:10000 and 1:25000. For testing the initial data, three test plots with an area of 2.67, 0.59 and 0.21 km2 were selected. The plots 

are located in the Balta district of Odessa region on the southern spurs of the Podolska upland.  

Results. It is established that freely distributed global digital elevation models SRTM and AW3D30 in the conditions of flat 

terrain do not always allow to adequately display the structure of slope runoff and, accordingly, to correctly perform calculations of 

soil erosion losses. The maximum deviation of the average soil erosion losses calculated for the test plots using global DEMs from the 

soil losses calculated using the reference DEM for SRTM30 and AW3D30 was 27%, for SRTM90 – almost 70%. The distribution of 

soil losses over the area of test plots obtained using different global DEMs differs even more. 

When using DEM based on topographic maps, reducing the scale of the original maps from 1: 10000 to 1: 25000 leads to a 

decrease in the average value of soil erosion losses by about 20% due mainly to reducing the magnitude and area of distribution of 

maximum soil losses, and on slopes of complex shape also due to changes in the area of accumulation zones. The degree of spatial 

generalization of the initial data significantly affects the results of the assessment of soil erosion losses both in relation to the average 

values and their distribution over the area. For small areas, the use of raster cells larger than 50 m is impractical. 

Scientific novelty and practical significance. It has been shown for the first time that in the conditions of flat terrain at the local 

level of spatial coverage, the freely distributed global DEM SRTM and AW3D30 are not always hydrologically correct. The reasons 

and conditions of violation of this correctness are specified. It has been established that the global DEM AW3D30 has local instrumental 

errors that may make it impossible to use it. The most realistic values of soil erosion losses are provided by DEM SRTM with a spatial 

resolution of 1 angular second. 
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Formulation of the problem. Water erosion is 

the most common soil degradation process in 

Ukraine, affecting almost all components of the land-

scapes and causing enormous economic and environ-

mental damage. The end result of the development of 

erosional soil degradation is desertification [2]. Ac-

cording to the National Report [5], about 16 million 

hectares of agricultural land or 38.4% of their area, 

including 12.94 million hectares of arable land or 

39.9% of their area, are eroded to varying degrees. 

Soil erosion is common in all over natural areas of 

Ukraine, but especially – in the north of the steppe 

and the south of forest-steppe zones, where the so-

called zone of maximum erosion is located [14].  

Given the prevalence of water erosion of soils in 

all over natural zones of Ukraine, it is important to 

develop a complex of anti-erosion measures to pre-

vent erosion degradation of agricultural landscapes. 

In conditions of increasing erosion danger of agricul-

tural lands, the protection of soils from water erosion 

can be provided only on the base of adaptive-land-

scape farming systems, which take into account the 
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spatial differentiation of all major factors of water 

erosion. The leading role in the substantiation of soil 

protection complexes belongs to the mathematical 

model of soil erosion losses, which adequately takes 

into account the impact on the process of soil erosion 

of both natural and economic factors. Given that all 

these factors are characterized by complex spatial 

distributions, such a mathematical model must be, 

firstly, spatially distributed, and secondly, provided 

with the necessary spatial information. 

Relief plays the greatest role in the spatial dif-

ferentiation of soil erosion, providing a complex dis-

tribution on the surface of sloping lands of heat, 

moisture, surface runoff, the nature and intensity of 

the erosion and accumulation. At the same time, the 

informational support of the relief factor of soil ero-

sion is the most difficult challenge. 

Digital elevation models (DEM) are the basis of 

information support of modern mathematical models 

of soil erosion. Until recently, digital elevation mod-

els were typically built on the base of topographic 

maps of scale ranging from 1:10000 to 1:100000. Un-

fortunately, in our country only the last ones are pub-

licly available. But for soil protective designing 

within an agricultural enterprise or farm the maps of 

scale 1:25000 or more detailed are required. If such 

maps can be used, the inevitable problem is the high 

laboriousness of creating DEMs based on them. The 

situation has changed dramatically in recent years 

with the advent of freely distributed global DEMs of 

high spatial resolution (3 and 1 arc seconds), built on 

the basis of remote sensing of the earth's surface. 

These are currently the SRTM digital elevation mod-

els developed by the National Aeronautics and Space 

Administration (NASA) and the Geological Survey 

of United States [21], the ASTER GDEM developed 

jointly by the Ministry of Economy, Trade and Indus-

try of Japan (METI) and NASA [15], as well as the 

“digital surface model” or “digital elevation model” 

Alos World 3D-30 m (AW3D30), created by the Ja-

pan Aerospace Exploration Agency – JAXA) [25]. 

Analysis of previous research. To date, a large 

number of studies have been conducted in various 

countries to assess the accuracy of digital elevation 

models SRTM and ASTER, to a much lesser extent – 

AW3D30. The vast majority of studies have assessed 

the compliance of global DEMs with some referential 

DEMs. A digital elevation model built for the test site 

based on either instrumental surveying of the terrain, 

or geodetic reference marks or digitization of a topo-

graphic map ("cartographic DEM") was used as a ref-

erence DEM. The mean square error (RMSE), corre-

lation coefficient (R) or Nash-Sutcliffe conformity 

criterion (NS) were most often used as evaluation cri-

teria. A fairly detailed review of the results of these 

studies is presented in [11]. 

The assessment of the suitability of global DEMs 

for soil loss calculations has only just begun. How-

ever, in most studies on this issue, the accuracy of 

calculations on the basis of freely distributed global 

DEM only geomorphological indicators that to some 

extent determine soil erosion losses was evaluated. 

Only in works [4, 19, 23] the global DEMs SRTM 

and ASTER evaluated in terms of their direct appli-

cation to quantify soil losses. In these works, the Uni-

versal Soil Loss Equation (USLE / RUSLE) [22, 27] 

was used, which has only a profile version and, 

strictly speaking, is not a spatially distributed model. 

In [4] an erosion model of the State Hydrological In-

stitute [1] was used to calculate the spring soil erosion 

losses in which the terrain is taken into account very 

roughly. In [11] presents the results of a study of the 

application of global DEMs SRTM, ASTER and 

AW3D30 for calculations of soil erosion based on a 

spatially distributed mathematical model for a fairly 

large area (about 340 km2) using as a reference DEM 

the cartographic digital elevation model which built 

on the base of a topographic map of 1: 25000 scale. 

In general, it can be stated that the results ob-

tained in research on this problem are of undoubted 

theoretical and practical interest. They provided an 

overall positive answer to the question of the possi-

bility of using global DEMs for erosion calculations, 

made certain conclusions about possible limitations. 

However, in some respects the conclusions are con-

tradictory. Many aspects of the use of global DEMs 

for spatially distributed assessment of soil erosion in-

stead of or together with traditional sources of data 

about relief at different levels of territorial coverage, 

including local, have not been explored. 

The purpose and objectives of the study. The 

purpose of the article is to assess the adequacy of var-

ious source data, including global DEMs based on re-

mote sensing data, for spatially distributed quantita-

tive assessment of soil erosion losses at the local level 

of territorial coverage. Assessment of the impact on 

the results of water erosion calculations of the scale 

of the original cartographic data, different global 

DEMs and the degree of their spatial resolution, as 

well as the degree of spatial generalization of the 

original data are the tasks that achieve the goal. 

Materials and methods of research. Three 

plots K1, K2, K3 which are situated within the terri-

tory of the educational and scientific center of geol-

ogy and geography faculty of Odesa I. I. Mechnikov 

National University “Krynychky” are chosen for the 

purpose of testing of initial data. The center is located 

in Balta district of Odesa region, on southern hillsides 

of Podolska upland (Fig. 1). 

The test plot K1 is a part of the left slope of the 

dry valley Labushna. The area is 2.67 km2. The slope 

is southwestern exposition. Average length from the 

watershed line to the valley bottom is 800 m. The 

transverse profile has a complex convex-concave-



Серія «Геологія. Географія. Екологія», 2022, випуск 56  

- 186 - 

convex form. Slope gradients change from 1-2° in the 

upper slope part to 11-15° closer to valley bottom. 

The soil cover is represented by typical chernozems 

on heavy loams of various degrees eroded, as well as 

accumulated (about 4% of the plot area). 

Upper part of the plot is intensively used for pl- 

 

 

Fig. 1. Location of the test plots and a fragment of topographic map scale 1:100000 with plots boundaries  

  

anting agricultural crops (cereals, sunflower, corn). 

The lower part of the plot is occupied by natural veg-

etation with species which are typical for dry grass-

land of the forest-steppe zone are predominant there. 

The projective covering of natural vegetation is 70-

100%. The thickness of grass waste is about 1 cm, 

and root mat is about 2 cm. The valley bottom is also 

plowed up.  

Plot K1 is divided by hollows and ravines in the 

middle and bottom part. One of the ravines (in the 

middle part of the plot) is covered by artificial forest 

which is 50 years old. The area of the forest is about 

9 ha. There is a forest shelter-belt remainder along the 

road which is directed from Krynychky village to the 

southern west (Fig. 1). Somewhere alone trees and 

bushes also occur within the lower part of the plot. 

The test plot K2 is situated on the opposite slope 

of the dry valley Labushna. The slope is northeastern 

exposition. The plot area is 0.21 km2. The length is 

750 m, the average slope gradient is 5.5°, and maxi-

mum one is 8.5°. The transverse slope profile is con-

vex. On the bottom part of the plot the heavy diluvial 

sediments are observed. In the lower part of the plot 

there is a powerful diluvial plume, in the middle part 

a hollow up to 1 m deep was formed, which is weakly 

reflected on the existing topographic maps. Soils are 

regraded chernozems on heavy loam which are 

eroded especially in the middle and bottom parts. The 

plot is completely plowed. In spite of the big slope 

gradients and eroded soils the plot is annually used 

for cultivation agricultural crops (sunflower, soy-

bean, barley, rape etc.).  

The test plot K3 is situated on the left slope of 

the middle part of the dry valley Krynychanska. The 

slope is southwestern exposition. The area is 0.59 

km2. The average hill length is 350 m, and the length 

from watershed line to bottom is 700 m. The trans-

verse slope profile is convex in the most part. The 

slope is 1-3° in the upper part, 6-7° in the middle part 

and within the lower part it exceeds 7°, sometimes 

reaching 15-18°. The soil cover is represented by typ-

ical chernozems on heavy clays, eroded to varying 

degrees.  

The upper part of the plot is plowed. The lower 

part is covered by natural vegetation with the pre-

dominance of typical gramineous species of forest-

steppe herbs. Its projective covering ranges from 60 

to 90%. Characteristic of this part of the plot are the 

remains of vines, as well as groups of trees and 

shrubs, located sporadically. The valley bottom is 

sheeted by herbs and weeds and is used like livestock 

pasture.   
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Topographic maps of scales 1: 10000 and M 

1:25000, fragments of global digital elevation models 

SRTM with spatial resolution 3'' (about 90 m), which 

hereinafter will be called SRTM90, SRTM with spa-

tial resolution 1'' (about 30 m), hereinafter - SRTM30, 

and AW3D30 with a spatial resolution of 1'' were 

used as source data on the relief. The initial raster cell 

size of DEM created on the basis 1:10000 scale map 

is 10 m (in the article this DEM called "topo10") and 

on the basis of 1:25000 scale map is 30 m (“topo30”). 

The global DEM ASTER is not used in the research 

because of instrumental errors, which were not put 

away in postprocessing [4, 11]. 

The creation of a digital soil map and a map of 

land use of the test plots was performed on the basis 

of the relevant paper maps, a space image from the 

Internet service Google Earth and materials from the 

authors' field research. 

The spatially distributed physical-statistical 

model of rainstorm erosion-sedimentation of soil is 

used like a working model implemented using the 

language and analytic abilities of package for envi-

ronmental modelling PCRaster [20] and program lan-

guage Visual Basic. The model was developed and 

programmatically implemented at the Department of 

Physical Geography, Nature Management and Geoin-

formation Technologies of I. I. Mechnikov Odessa 

National University [6, 7, 9, 10, 12] on the basis of 

logical-mathematical model of soil erosion losses by 

H. I. Shvebs [13, 14]. The advantage of the model is 

taking into account the non-stationarity of storm-

water erosion-accumulation process, spatial variabi-

lity of all factors of water erosion, complex spatial 

structure of surface runoff and independent verifica-

tion for the conditions of the Forest-Steppe and 

Steppe zones of Ukraine. 

Results. Assessing the adequacy of global 

DEMs. The results of calculations of soil erosion 

losses using cartographic DEM topo30, which was 

considered at this stage of the study as a reference 

DEM, and global DEMs AW3D30, SRTM30 and 

SRTM90 for test plots K1-K3 are presented in Table 

1 and in Fig. 2-4. In order to identify the impact of 

the features of the DEMs on the results, calculations 

of soil erosion losses were carried out under the as-

sumption that the territory of the test plots is com-

pletely plowed, anti-erosion measures are not carried 

out. That is, the so-called “potential” soil losses were 

calculated. At the same time, for the K2 plot, soil ero-

sion losses calculations using the AW3D30 DEM 

were not performed due to the presence in the middle 

part of the plot of an explicit “artifact” – a practically 

horizontal diamond-shaped “terrace” with a maxi-

mum width of about 150 m. 

The calculated area average soil erosion losses 

obtained using global DEM, less than calculated us-

ing the reference DEM by 8.4-27.0%. In this case, for 

digital elevation models with a spatial resolution 1'' 

(AW3D30 and SRTM30) values of the average soil 

losses differ the most from those obtained using ref-

erence-DEM for the plot K3 (21.6-27.0%), and for 

DEM SRTM90 with a spatial resolution of 3'' – for 

the plot K2 (by 21.9%). 

The spatial distributions of soil erosion losses 

 

Table 1 

Soil erosion losses averaged over the area of the test plots, calculated using various DEMs 

Test 

plot 
Characteristic 

Digital elevation model 

topo25 AW3D30 SRTM30 SRTM90 

К1 

Average soil losses, t/ha/yr 10.7 8.80 9.05 8.44 

Part relative to losses obtained using 

reference DEM, % 
100 82.2 84.5 78.9 

К2 

Average soil losses, t/ha/yr 26.9 -* 23.8 21.0 

Part relative to losses obtained using 

reference DEM, % 
100 -* 88.5 78.1 

К3 

Average soil losses, t/ha/yr 16.7 13.1 12.2 15.3 

Part relative to losses obtained using 

reference DEM, % 
100 78.4 73.0 91.6 

* digital elevation model AW3D30 of the plot was rejected 

 

over the area of test plots, obtained using different 

digital elevation models, differs even more (Fig. 6-8). 

Firstly, these distributions are characterized by differ-

ent values of the coefficient of variation, which varies 

from 1.14 (for DEM SRTM90) to 2.21 (for DEM 

AW3D30). Secondly, the ratio between the parts of 

the area of the test plots with different values of soil 

erosion losses and, accordingly, with different 

erosion hazards differ significantly. It should be em-

phasized that these differences are manifested in dif-

ferent ways in different test plots (Fig. 2-4).  

Thus, for test plots K1 and K2 the spatial distri-

bution of soil losses, calculated using the global 

DEM SRTM90, is characterized by significantly 

smaller compared to the reference DEM and other 

DEMs areas of accumulation zone (<0 t/ha/year) and 
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catastrophic soil erosion losses zone (>50 t/ha/year). 

Within the plot K3, the area of the accumulation zone 

for all global DEMs is approximately the same, and 

the area of the catastrophic soil loss zone is signifi-

cantly different. A similar situation is typical for other 

ranges of soil erosion losses. For test plot K1, the best 

correspondence of the spatial distribution of the cal-

culated soil losses of the reference distribution was 

obtained using the DEM AW3D30, for which only 

the areas of the accumulation zone differ significantly 

(7.7 and 12.5%, respectively). For the plot K2, the 

DEM AW3D30 could not be used due to existing er-

rors in this relief model. For the plot K3 the situation 

is opposite to K1 - only the areas of the accumulation 

zone are close to each other, the areas of all other gra-

dations of soil erosion losses differ significantly from 

each other. 

The analysis of digital elevation models used in 

the study showed that the difference between the 

global DEMs and cartographic DEM is, firstly, due to 

the fact that global DEMs are, strictly speaking, dig-

ital surface models that take into account the altitude 

of artificial and natural objects located within the ter-

ritory. In the test plots, these objects are represented 

by soil-protective forest plantations in the form of 

separate massifs of trees (including an area of ap-

proximately 9 ha in plot K1) and sporadically located 

individual groups of silver sucker, hawthorn, wild 

 

 
Fig. 2. Distribution of soil erosion losses, calculated using different DEMs, over the area of plot K1 

 

 
Fig. 3. Distribution of soil erosion losses, calculated using different DEMs, over the area of plot K2 
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Fig. 4. Distribution of soil erosion losses, calculated using different DEMs, over the area of plot K3 

 

pear and apple on beam slopes, and soil-protective 

forest belts, and their remains 3-5 m wide on agricul-

tural lands. 

Secondly, for agricultural lands, perhaps the 

main reason for the differences is the publication of 

matrixes of heights of most global DEMs with round-

ing of surface heights to whole meters. This rounding 

at small slope's gradients of the surface, characteristic 

within the study area for the upper parts of slopes 

near watersheds, has a significant impact on the mag-

nitude of the length of flow lines, the distances from 

a certain location on the slope to the local watershed 

along the path of water movement. As a result, the 

artificial "hilly" surface with short multidirectional 

slopes and closed drainless depressions form because 

of such rounding on DEMs with high resolution [11]. 

In this regard, firstly, the influence of the upper part 

of the slopes is actually excluded from the calculation 

of such an important parameter of the soil erosion 

model as the length of the flow line, and secondly, a 

large number of short slopes appear. From the Table. 

2 it clearly shows that for digital elevation models of 

30-meter spatial resolution (AW3D30 and SRTM30) 

the estimated average length of flow lines in the test 

plot K1 and K3 is almost 2 times less than obtained 

using a cartographic DEM. At the same time, the av-

erage slope gradients calculated using these global 

DEMs differ from the average slope gradients of the 

reference DEM slightly, but in different ways – from 

-6 to + 17%. 

 

Table 2 

Average lengths of flow lines and slope gradients for different digital elevation models 

Test plot 
Parameter 

Digital elevation model 

topo25 AW3D30 SRTM30 SRTM90 

К1 
Average lengths of flow lines, m 376 180 250 369 

Average slope gradients, ‰ 49.8 53.4 46.6 39.6 

К3 
Average lengths of flow lines, m 306 164 142 270 

Average slope gradients, ‰ 67.2 78.8 74.1 62.1 

 

The situation is different for the DEM SRTM90. 

Due to the three times lower spatial resolution and 

correspondingly larger raster cell size, the effect of 

rounding the surface heights to whole meters on the 

construction of the map of flow lines and, accord-

ingly, their estimated length is much smaller. Their 

average length differs from the average length of 

flow lines calculated using the reference DEM by 

only 2-12%. In addition, the DEM SRTM90 is char-

acterized by 8-20% smaller compared to the DEM 

topo30 slope gradients, but here, obviously, is affect-

ted by a 9-fold increase. 

Considering the reasons for the differences be-

tween the global DEMs, it is impossible not to men-

tion the technical features of the survey, in particular, 

its original spatial resolution. Thus, the spatial reso-

lution of shooting of digital elevation models SRTM 

is 10x20 m, digital elevation model AW3D30 - 5x5 

m. Subsequently, when constructing a DEM with a 

spatial resolution of 1'' (about 30 m) and 3'' (about 90 

m), the initial information was generalized. However, 

analysis of the global DEM SRTM30 and, especially, 

DEM AW3D30 shows that the effect of the original 

spatial resolution on them can be traced. 
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An attempt to eliminate the irregularity of the 

digital terrain models AW3D30 and SRTM30 at low 

slope gradients using the procedure of their sliding 

averaging in the window 3x3 of the raster cell size 

did not give a positive result. Although the values of 

the average soil losses, flow lengths and slope gradi-

ents obtained using smoothed DEMs became closer 

to the corresponding values obtained using the refer-

ence DEM, the correspondence of the spatial distri-

butions of erosion dangerous within the test plots as 

a whole did not significantly improve. 

The area average soil erosion losses are of inter-

est from the point of view of the general assessment 

of the intensity of the erosion situation within the 

considered territory. The difference between the cal-

culated average values of the soil erosion losses of 

20-25% can even be considered acceptable. But for 

the design of soil protection systems of agriculture is 

important namely the spatial distribution of soil ero-

sion losses and, accordingly, erosion hazard within 

the design area. Studies have shown that none of the 

tested global DEMs provides a sufficiently complete 

correspondence of the spatial distribution of the cal-

culated soil erosion losses of the distribution obtained 

using the reference DEM for all test plots. 

The digital relief model, designed for spatially 

distributed calculations of soil erosion losses, must be 

hydrologically correct, providing the generation of an 

adequate map of water flow lines for the study or de-

sign area. Unfortunately, today's freely distributed 

global DEMs do not fully comply with this require-

ment. In this regard, their use for the design of soil 

protection systems against erosion, including on the 

basis of adaptive-landscape farming systems, re-

quires careful preliminary analysis. 

Assessment of the impact of the scale of carto-

graphic basis, which is usually used for the territory 

of agricultural enterprise, is based on comparing the 

results of calculations of soil erosion losses using an 

array of digital maps based on digitization of paper 

maps at a scale of 1: 10000 (topo10) and 1: 25000 

(topo25). As a result, it was obtained that when re-

ducing the scale of the cartographic basis from 1: 

10000 to 1: 25000, the average over area soil losses 

decreases by about 20%. This is mainly due to 

changes in the share of the area with a catastrophic 

soil erosion loss (>50 t/ha/year), which usually de-

creases (Fig. 5) and possibly due to changes in the  
 

 
Fig. 5. Distribution of soil erosion losses calculated using cartographic DEMs topo10 and topo25  

over the area of plot K1 
 

area of accumulation zones (<0 t/ha/year). 

Assessment of impact of the initial data spatial 

generalization on calculated soil erosion losses is 

made by application of raster cells sizes 10, 20, 30, 

50, 70 and 90 meters. In this case the DEM by raster 

cell size 10 meters constructed on the basis of the 

1:10000 scale paper map is considered like a refer-

ence one. 

The implemented calculations of soil losses in 

current land use conditions and soil cover structure 

make it clear that the results are extremely suscepti-

ble to the range of initial data spatial generalization 

(Table 3). The difference in the area average soil 

losses can equal almost 70%. In most cases, the 

increase of raster cell size demonstrates the decreas-

ing area average soil losses on 1.1 – 67.9 %. But the 

decrease is not monotonous. For the plots K1 and K3 

there are defined local maximum values of average 

soil losses for raster cell size 30 m, and for the plot 

K2 – for raster cell size 70 m. Thus, on all three plots 

the greatest decrease in soil erosion losses takes place 

at the size of a cell of a raster of 90 m. 

The general tendency of decrease in calculated 

erosion losses of soil with increase in spatial general-

ization of initial data received in research is quite ex-

pected and confirms the results received earlier [8, 

23]. But the absence of monotony of those changes is 

not exactly expected. The used mathematical model 
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of soil erosion allows to take into account not only 

the average values of one or another erosion factor, 

but also their spatial distributions, which can be quite 

complex. The result is a complex spatial structure of 

the calculated soil erosion losses. In particular, the 

map of soil losses shows the alternation of zones of 

washout and accumulation, showing "waves" in the 

distribution of soil erosion losses along the slopes. 

(Fig. 6).  

As the raster cell is enlarged, the longitudinal 
 

Table 3 

Soil erosion losses averaged over the area of the test plots, calculated using different raster cell sizes  

Test 

plot 
Characteristics 

Raster cell size, m 

10 20 30 50 70 90 

К1 
Average soil losses, t/ha/year 5.8 4.3 5.8 5.7 4.8 2.7 

Fraction of soil losses in comparison with cell size 10 m, % 100 74.1 100.0 98.3 82.8 46.6 

К2 
Average soil losses, t/ha/year 27.3 27.0 26.9 26.9 28.1 25.2 

Fraction of soil losses in comparison with cell size 10 m, % 100 98.9 98.5 98.5 102.9 92.3 

К3 
Average soil losses, t/ha/year 5.3 4.1 4.8 4.2 4.5 1.7 

Fraction of soil losses in comparison with cell size 10 m, % 100 77.4 90.6 79.2 84.9 32.1 

 

 
Fig. 6. Land use map (A) and maps of soil erosion losses calculated using raster cell size of 10 m (B),  

30 m (C) and 90 m (D) for test plot K1  
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Fig. 7. Spatial distribution of erosion soil losses for the test plot K1 

 

 
Fig. 8. Spatial distribution of erosion soil losses for the test plot K2  

 

and transverse shape of the slope and the spatial 

structure of the surface runoff are simplified accord-

ingly. All small relief forms within the slope “disap-

pear”. The "wave-likeness" of changes in soil losses 

along the slope also disappears. The contribution of 

the spatial distribution of erosion factors to the 

amount of soil erosion losses is leveled. As a result, 

when the raster cell increases, contrary to the general 

trend average soil losses can suddenly increase lo-

cally. 

In general, for the test plot K1 the average soil 

losses which is the nearest to the reference value ob-

tained using raster cell size 30 m. For the test plot K3 

such result obtained for the raster cell sizes 30 m and 

70 m. For the plot K2, the values of average soil 

losses are close to each other for all raster cell sizes 

except 90 m. That is, here, as in other plots, the larg-

est difference in the average soil losses was obtained 

by using raster cells with a size of 90 m. 

It should be noted that using different raster cell 
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sizes there is also a difference in the distribution of 

areas with different ranges of soil erosion losses (Fig. 

7-9). Interestingly, this distribution is different for 

different plots. For example, for the plot K1 the most 

common soil losses from the range of 0-2 t/ha/year – 

23-25% of the plot area. A significant area is occu-

pied by accumulation zones – 14-17%. For other 

ranges of soil losses, the distribution area is reduced 

from an average of 15% for the range of 2-5 t/ha/year 

to 5% for the range of >50 t/ha/year. 

For the plot K2, the estimated soil losses from 

the range of 20-50 t/ha/year occupy the largest areas 

(from 32% using 10 m cell size and to 48% using 

50 m cell size). On a significant area soil loss 10-20 

and >50 t/ha/year are from 15 to 20% of the plot area. 

Accumulation zones on the plot using 50 m cell size 

and more are absent at all. 

Another distribution of areas occupied by differ-

ent ranges of calculated soil erosion losses is ob-

served for the test plot K3. Here, accumulation zones 

occupy significant area (from 12.2 to 22.5%) when 

using raster cells of any size. Moreover, this area in-

creases with increasing cell size. The minimum soil 

losses (0-2 t/ha/year) are spread over 18-23% of the 

plot area, and the size of the area decreases with in-

creasing cell size. For the remaining ranges of soil 

erosion losses, the areas of their distribution change 

in different directions with an increase in the cell size. 

 

 

Fig. 9. Spatial distribution of erosion soil losses for the test plot K3  

 

Conclusions. First of all, it is necessary to de-

fine that at the moment the global DEM ASTER can-

not be recommended to use because of the great num-

ber of instrumental errors that have not been removed 

during post-processing.  

Freely distributed global digital elevation mod-

els with high spatial resolution SRTM and AW3D30 

in the conditions of flat terrain and local level of spa-

tial coverage are not always hydrologically correct, 

that do not allow to adequately reflect the structure of 

the surface runoff and soil erosion. The maximum de-

viation of the average soil erosion losses calculated 

for three test plots with the area from 0.21 to 2.67 km2 

from the soil losses calculated using the reference 

DEM for SRTM30 and AW3D30 was 27%, for 

SRTM90 – almost 70%. The distribution of soil 

losses over the area of test plots obtained using these 

DEMs differs even more. The closest to the reference 

values of soil losses obtained using the DEM 

SRTM30.  

Using DEM based on large-scale topographic 

maps, reducing the scale of the original cartographic 

basis from 1:10000 to 1:25000 reduces the average 

value of erosion losses of soil by about 20% mainly 

due to the reduction of the area with maximum soil 

losses, and on slopes of complex shape also due to 

changes in the area of accumulation zones. 

The degree of spatial generalization of the initial 

data significantly affects the results of the assessment 

of soil erosion losses both in relation to the average 

values and their distribution over the area. For small 

areas, the use of raster cell larger than 50 m is imprac-

tical. Decreasing the raster cells makes it possible to 

take into account the complex structure of surface 

runoff more accurately, but the decreasing cannot be 

infinite. As a compromise, a raster cell size of 30 m 

can be recommended, which practically coincides 

with the spatial resolution of the freely distributable 

global DEMs with a spatial resolution of 1 arc sec-

ond. 

0

5

10

15

20

25

<0 0-2 2-5 5-10 10-20 20-50 >50

P
a
rt

 o
f 

p
lo

t 
a
re

a
, 

%

Erosion soil losses, t/ha/year

10m 20m 30m 50m 70m 90m



Серія «Геологія. Географія. Екологія», 2022, випуск 56  

- 194 - 

Bibliography 

1. Инструкция по определению расчетных гидрологических характеристик при проектировании противоэрози-

онных мероприятий на Европейской территории СССР [Текст]. – Л.: Гидрометеоиздат, 1979. – 49 с. 

2. Крупеников И. А. Почвенный покров и эрозия [Текст] / И. А. Крупеников // Экологические аспекты защиты 

почв от эрозии. – Кишинев: Молдагроинформреклама, 1990. - C. 4-16. 

3. Ларионов Г. А. Эрозия и дефляция почв : монография [Текст] / Г. А. Ларионов. – М.: Изд-во Моск. ун-та, 1993. 

– 200 c. 

4. Мальцев К. А. Цифровые модели рельефа и их использование в расчётах темпов смыва почв на пахотных 

землях [Текст] / К. А. Мальцев, В. Н. Голосов, А. М. Гафуров // Учен. зап. Казан. ун-та. Серия естеств. науки. 

– 2018. – Т. 160, кн. 3. – С. 514–530. 

5. Національна доповідь про стан родючості ґрунтів України [Текст] / Балюк С.А., Медведєв В.В., Тараріко О.Г. 

[та ін.]. – К.: ТОВ "ВИК ПРИНТ", 2010. – 111 с. 

6. Пяткова А. В. Особенности моделирования водной эрозии с учетом пространственной изменчивости ее фак-

торов [Текст] / А. В. Пяткова // Метеорологія, кліматологія та гідрологія. – 2008. – Вип. 50. – Ч. II. – С.437-

442. 

7. П’яткова А. В. Просторове моделювання водної ерозії ґрунту як основа наукового обґрунтування раціональ-

ного використання ерозійно-небезпечних земель: автореф. дис. на здобуття наук. ступеня канд. геогр. наук: 

спец. 11.00.11. Конструктивна географія і раціональне використання природних ресурсів [Текст] / А. В. П’ят-

кова. – Одеса: ФОП Попова Н. М., 2011. – 20 с. 

8. П’яткова А. В. Проблеми кількісної оцінки ерозійних втрат ґрунту [Текст]/ А. В. П’яткова // Вісник ОНУ. – 

Серія географічні та геологічні науки.– Серія географічні та геологічні науки. – 2014. – Том. 19. – Вип. 4(23). 

– С. 28-37. 

9. Светличный А. А. Принципы совершенствования эмпирических моделей смыва почвы [Текст] / А. А. Свет-

личный // Почвоведение. – 1999. – № 8. – С. 1015–1023. 

10. Світличний О. О. Принципи просторового моделювання гідрометеорологічних умов зливового змиву ґрунту 

[Текст] / Світличний О. О., Іванова А. В. // Вісник ОНУ. – Серія географічні та геологічні науки. – 2003. – Том 

8. – Вип. 5.– С. 77-82 

11. Світличний О. О. Про використання вільно поширюваних глобальних цифрових моделей рельєфу високої про-

сторової роздільної здатності для розрахунків водної ерозії ґрунту [Текст] / О. О. Світличний // Вісник ОНУ. 

– Серія географічні та геологічні науки. – 2020. – Т. 25. – Вип. 2(37). – С. 44-65. – DOI: 

https://doi.org/10.18524/2303-9914.2020.2(37).216561  

12. Светличный A. A. Эрозиоведение: теоретические и прикладные аспекты: монография [Текст] / A. A. Свет-

личный, С. Г. Черный, Г. И. Швебс. – Сумы: Университетская книга, 2004. – 410 с. 

13. Швебс Г. И. Формирование водной эрозии, стока наносов и их оценка : монография [Текст] / Г. И. Швебс. – 

Л.: Гидрометеоиздат, 1974. – 184 c. 

14. Швебс Г.И. Теоретические основы эрозиоведения: монография [Текст] / Г. И. Швебс. – Киев-Одесса: Вища 

школа, 1981. – 223 с. 

15. ASTER GDEM Validation Team. ASTER Global DEM Validation: Summary Report, METI & NASA [Текст]. – 2009. 

– 28 p. – Режим доступу: https://pdfs.semanticscholar.org/5606/ead88307ae1700c3db6744c6be5aedc4935c.pdf? 

_ga=2.258449996.738829358.1594921941-993585188.1594921941  

16. Jeiner Yobany Buitrago E. Digital elevation models (DEM) used to assess soil erosion risks: a case study in Boyaca, 

Colombia [Текст] / Jeiner Yobany Buitrago E., Luis Joel Martínez M. // Agronomía Colombiana. – 2016. - Vol. 34. 

– N 2. – P. 239-249. – DOI: https://doi.org/10.15446/agron.colomb.v34n2.56145. 

17. Khal M. Evaluation of open Digital Elevation Models: estimation of topographic indices relevant to erosion risk in 

the Wadi M’Goun watershed, Morocco [Текст] / M. Khal, A. Algouti, A. Algouti, N. Akdim, S. A. Stankevich, M. 

Menenti // AIMS Geosciences. – 2020. – V. 6(2). – Pp. 231–257. – DOI: https://doi.org/10.3934/geosci.2020014  

18. Kovalchuk I. P. Assessment of open source digital elevation models (SRTM-30, ASTER, ALOS) for erosion processes 

modeling [Текст] / I.P. Kovalchuk, K.A. Lukianchuk, V.A. Bogdanets // Journal of Geology, Geography and Geoe-

cology. – 2019. – V. 28(1). – Pp. 95-105. – DOI: https://doi.org/10.15421/111911  

19. Mondal A. Uncertainty analysis of soil erosion modeling using different resolution of open source DEMs [Текст] / 

A. Mondal, D. Khare, S. Kundu // Geocarto International. – 2017. – V. 32(3). – P. 334-349. – 

http://doi.org/10.1080/10106049.2016.1140822  

20. PCRaster: Software for Environmental Modeling, 2018. – Режим доступу: http://pcraster.geo.uu.nl/downloads/lat-

est-release//  

21. Rabus, B. The Shuttle Radar Topography Mission – A New Class of Digital Elevation Models Acquired by Spaceborne 

Radar / Rabus, B., Eineder, M., Roth, A. and Bamler, R. // ISPRS Journal of Photogrammetry and Remote Sensing. – 

2003. – V. 57. – Pp. 241-262. – DOI: http://dx.doi.org/10.1016/S0924-2716(02)00124-7.  

22. Renard K.G. Predicting soil erosion by water: a guide to conservation planning with the Revised Universal Soil Loss 

Equation (RUSLE) / K. G. Renard, G. R. Foster, G. A. Weesies, D. K. McCool, D. C. Yoder // U.S. Dept. of Agriculture, 

Agric. Handbook. – 1997. – № 703. – 404 p. – Режим доступу: https://www.ars.usda.gov/AR-

SUserFiles/64080530/RUSLE/AH_703.pdf 

23. Shan L. Effects of DEM resolutions on LS and hillslope erosion estimation in a burnt landscape [Текст] / L. Shan, X. 

Yang, Q. Zhu // Soil Research. – 2019. – V.57(7). – Pp. 797-804. – DOI: http://doi.org/10.1071/SR19043  

https://doi.org/10.18524/2303-9914.2020.2(37).216561
https://pdfs.semanticscholar.org/5606/ead88307ae1700c3db6744c6be5aedc4935c.pdf?_ga=2.258449996.738829358.1594921941-993585188.1594921941
https://pdfs.semanticscholar.org/5606/ead88307ae1700c3db6744c6be5aedc4935c.pdf?_ga=2.258449996.738829358.1594921941-993585188.1594921941
https://doi.org/10.15446/agron.colomb.v34n2.56145
https://doi.org/10.3934/geosci.2020014
https://doi.org/10.15421/111911
http://doi.org/10.1080/10106049.2016.1140822
http://pcraster.geo.uu.nl/
http://pcraster.geo.uu.nl/downloads/latest-release/
http://pcraster.geo.uu.nl/downloads/latest-release/
http://dx.doi.org/10.1016/S0924-2716(02)00124-7.
https://www.ars.usda.gov/ARSUserFiles/64080530/RUSLE/AH_703.pdf
https://www.ars.usda.gov/ARSUserFiles/64080530/RUSLE/AH_703.pdf
http://doi.org/10.1071/SR19043


ISSN 2410-7360 Вісник Харківського національного університету імені В.Н. Каразіна  

- 195 - 

24. Svetlitchnyi А. A. Spatially distributed GIS-realized mathematical model of rainstorm erosion losses of soil [Текст] 

/ А. A. Svetlitchnyi, A.V. Piatkova // Journal of Geology, Geography and Geomorphology. – 2019. – V.28(3). – Pp. 

562-571. – DOI: https://doi.org/10.15421/111953 

25. Takaku, J. Generation of High Resolution Global DSM from ALOS PRISM [Текст] / J. Takaku, T. Tadono, K. Tsutsui 

// The International Archives of the Photogrammetry, Remote Sensing and Spatial Information Sciences, ISPRS. – 

2014. – Vol. XL-4. – Pp.243-248. – DOI: http://dx.doi.org/10.5194/isprsarchives-XL-4-243-2014  

26. Vijith H. Comparison and Suitability of SRTM and ASTER Digital Elevation Data for Terrain Analysis and Geomor-

phometric Parameters: Case Study of Sungai PatahSubwatershed (Baram River, Sarawak, Malaysia) [Текст] / H. 

Vijith, L.W. Seling, D. Dodge-Wan // EnvironResEngManag. 2015. – V. 71. – P. 23–35. – Режим доступу: 

https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.5755%2Fj01.erem.71.3.12474  

27. Wischmeier, W. H. Predicting rainfall erosion losses; a guide to conservation planning [Текст] / W. H. Wischmeier, 

D. D. Smith Smith // The USDA Agricultural Handbook No. 537. – Washington: USDA, 1978. – 58 p. – Режим до-

ступу: https://naldc.nal.usda.gov/download/CAT79706928/PDF  

 
Author Contributions: All authors have contributed equally to this work. 

 
References 

1. Instruktsiya po opredeleniyu raschetnyih gidrologicheskih harakteristik pri proektirovanii protivoerozionnyih mero-

priyatiy na Evropeyskoy territorii SSSR (1979). [Instructions for determining the calculated hydrological character-

istics for designing anti-erosion measures in the European territory of the USSR], Leningrad: Hydrometeoizdat, 58 

[in Russian]. 

2. Krupenikov I. A. (1990). Pochvennyiy pokrov i eroziya. Ekologicheskie aspektyi zaschityi pochv ot erozii [Soil cover-

ing and erosion. Ecological aspects of soil erosion protection. Environmental aspects of soil erosion protection], 

Chishinau, Moldagroinformreklama, 4-16 [in Russian].  

3. Larionov H. A. (1993). Eroziya i deflyatsiya pochv. [Soil erosion and deflation], Moscow, Moscow University pub-

lishing house, 200 [in Russian].  

4. Maltsev K. A., Golosov V. N., Gafurov A. M. (2018). Tsifrovyie modeli relefa i ih ispolzovanie v raschYotah tempov 

smyiva pochv na pahotnyih zemlyah [Digital elevation models and their use in calculating the rate of soil washout on 

arable land] Scient. Not, Kazan. un-t. Ser. Natural Science,160, 3, 514–530. 

5. Balyuk S. A., Medvedev V. V., Tarariko O. G. etc. (2010), Natsionalna dopovid pro stan rodiuchosti gruntiv Ukrainy 

[National report about soil fertility state in Ukraine] Kyiv, RPO "VYK PRYNT", 111 [in Ukrainian].  

6. Pyatkova, A. V. (2008). Osobennosti modelirovaniya vodnoy erozii s uchetom prostranstvennoy izmenchivosti ee 

faktorov [Features of soil water erosion modeling taking into account spatial changeability of its factors] Odessa 

National University Herald, Series geographical and geological sciences, 13, 6, 156-163 [in Russian].  

7. Pyatkova, A.V. (2011). Prostorove modeliuvannia vodnoi erozii gruntu yak osnova naukovoho obgruntuvannia 

ratsionalnoho vykorystannia eroziino-nebezpechnykh zemel [The Spatial Modelling of Water Soil Erosion as the Basis 

of Scientific Justification of the Rational Use of Erosion Dangerous Lands] Extended abstract of candidate’s thesis, 

Odesa: PPO Popova N.M., 20 [in Ukrainian]. 

8. Piatkova, A. V. (2014). Problemy kilkisnoi otsinky eroziinykh vtrat gruntu [Problems of the assessment of the erosion 

soil loses] Odessa National University Herald, Series Geography and Geology, 19, 4 (23), 28-37 [in Ukrainian]. 

9. Svetlitchnyi, A. A. (1999). Printsipyi sovershenstvovaniya empiricheskih modeley smyiva pochvyi [Principles of im-

proving empirical soil loss models] Pochvovedenie, 8, 1015-1023 [in Russian]. 

10. Svitlychnyi O. O., Ivanova A. V. (2003). Pryntsypy prostorovoho modeliuvannia hidrometeorolohichnykh umov 

zlyvovoho zmyvu gruntu [Principles of spatial modelling of hydrometeorological conditions of soil storm wash off] 

Odessa National University Herald. Series geographical and geological sciences, 8, 77-82 [in Ukrainian]. 

11. Svetlitchnyi A. A. (2020). Pro vykorystannia vilno poshyriuvanykh hlobalnykh tsyfrovykh modelei reliefu vysokoi pro-

storovoi rozdilnoi zdatnosti dlia rozrakhunkiv vodnoi erozii hruntu [On the use of freely distributed global digital 

elevation models of the high spatial resolution for calculations of water erosion of soil], Odessa National University 

Herald. Series geographical and geological sciences, 25, 2(37), 44-65 [in Ukrainian]. 

12. Svetlitchnyi, A. A., Cherny, S. G., Shvebs, H. I., (2004). Eroziovedenie: teoreticheskie i prikladnyie aspektyi [Soil 

erosion science: theoretical and applied aspects], Sumy: VTD “University Book”, 410 [in Russian]. 

13. Shvebs, H. I. (1974). Formirovanie vodnoy erozii, stoka nanosov i ih otsenka [Formation of water erosion, sediment 

yield and their evaluation], Leningrad: Hydrometeoizdat, 184 [in Russian].  

14. Shvebs, H. I. (1981). Teoreticheskie osnovyi eroziovedeniya [The theoretical foundations of soil erosion science], 

Kiev-Odessa: Vyshcha shkola, 223 [in Russian]. 

15. ASTER GDEM Validation Team (2009). ASTER Global DEM Validation: Summary Report, METI & NASA. 28. Avail-

able at: https://pdfs.semanticscholar.org/5606/ead88307ae1700c3db6744c6be5aedc4935c.pdf?_ga=2.258449996. 

738829358.1594921941-993585188.1594921941  

https://doi.org/10.15421/111953
http://dx.doi.org/10.5194/isprsarchives-XL-4-243-2014
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.5755%2Fj01.erem.71.3.12474
https://naldc.nal.usda.gov/download/CAT79706928/PDF
https://pdfs.semanticscholar.org/5606/ead88307ae1700c3db6744c6be5aedc4935c.pdf?_ga=2.258449996.738829358.1594921941-993585188.1594921941
https://pdfs.semanticscholar.org/5606/ead88307ae1700c3db6744c6be5aedc4935c.pdf?_ga=2.258449996.738829358.1594921941-993585188.1594921941


Серія «Геологія. Географія. Екологія», 2022, випуск 56  

- 196 - 

16. Jeiner Yobany Buitrago E., Luis Joel Martínez M. (2016). Digital elevation models (DEM) used to assess soil erosion 

risks: a case study in Boyaca, Colombia. Agronomía Colombiana, 34, 2, 239-249. https://doi.org/10.15446/agron.co-

lomb.v34n2.56145. 

17. Khal M., Algouti A., Algouti A., Akdim N., Stankevich S.A, Menenti M. (2020). Evaluation of open Digital Elevation 

Models: estimation of topographic indices relevant to erosion risk in the Wadi M’Goun watershed, Morocco. AIMS 

Geosciences, 6(2), 231–257. https://doi.org/10.3934/geosci.2020014  

18. Kovalchuk I. P., Lukianchuk K. A., Bogdanets V. A. (2019). Assessment of open source digital elevation models 

(SRTM-30, ASTER, ALOS) for erosion processes modeling. Journ.Geol.Geograph. Geoecology, 28(1), 95-105. 

https://doi.org/10.15421/111911  

19. Mondal A., Khare D., Kundu S. (2016). Uncertainty analysis of soil erosion modeling using different resolution of 

open source DEMs. Geocarto International, 32(3), 334-349. http://dx.doi.org/10.1080/10106049.2016.1140822  

20. PCRaster: Software for Environmental Modeling (2018). Available at: http://pcraster.geo.uu.nl/downloads/latest-re-

lease//  

21. Rabus, B., Eineder, M., Roth, A. and Bamler, R. (2003). The Shuttle Radar Topography Mission – A New Class of 

Digital Elevation Models Acquired by Spaceborne Radar. ISPRS Journal of Photogrammetry and Remote Sensing, 

57, 241-262. DOI: http://dx.doi.org/10.1016/S0924-2716(02)00124-7.  

22. Renard K.G, Foster G.R, Weesies G.A, McCool D.K, Yoder D.C (1997). Predicting soil erosion by water: a guide to 

conservation planning with the Revised Universal Soil Loss Equation (RUSLE). U.S. Dept. of Agriculture, Agric. 

Handbook 703, 404 Available at: https://www.ars.usda.gov/ARSUserFiles/64080530/RUSLE/AH_703.pdf. 

23. Shan L., Yang X., Zhu Q. (2019), Effects of DEM resolutions on LS and hillslope erosion estimation in a burnt land-

scape. Soil Research, 57(7), 797-804. DOI: http://dx.doi.org/10.1071/SR19043 

24. Svetlitchnyi А.A., Piatkova A.V. (2019). Spatially distributed gis-realized mathematical model of rainstorm erosion 

losses of soil. Journal of Geology, Geography and Geomorphology, 28(3), 562-571. DOI: 

https://doi.org/10.15421/111953 

25. Takaku, J., Tadono, T., Tsutsui, K. (2014). Generation of High Resolution Global DSM from ALOS PRISM. The 

International Archives of the Photogrammetry, Remote Sensing and Spatial Information Sciences, ISPRS, XL-4, 243-

248. DOI: http://dx.doi.org/10.5194/isprsarchives-XL-4-243-2014  

26. Vijith H, Seling L.W., Dodge-Wan D (2015). Comparison and Suitability of SRTM and ASTER Digital Elevation Data 

for Terrain Analysis and Geomorphometric Parameters: Case Study of Sungai PatahSubwatershed (Baram River, 

Sarawak, Malaysia). Environ Res Eng Manag, 71, 23–35. Available at: https://www.researchgate.net/deref/http% 

3A%2F%2Fdx.doi.org%2F10.5755%2Fj01.erem.71.3.12474  

27. Wischmeier, W. H.; Smith D. D. (1978). Predicting rainfall erosion losses; a guide to consevation planning. The 

USDA Agricultural Handbook, 537, Washington DC, 58. Available at: https://naldc.nal.usda.gov/down-

load/CAT79706928/PDF  

 
 

Проблеми просторово-розподіленої кількісної оцінки  

ерозійних втрат ґрунту  
 

Олександр Олексійович Світличний1, 

д. геогр. н., професор, 1Одеський національний університет імені І. І. Мечникова,  

Шампанський пров., 2, м. Одеса, 65058, Україна; 

Алла Вікторівна П’яткова1, 

к. геогр. н., доцент 

 

Розглянуто проблеми просторово-розподіленої оцінки ерозійних втрат ґрунту з використанням сучасних ма-

тематичних моделей як основи оптимізації раціонального використання ерозійно-небезпечних земель. Метою 

статті є оцінка адекватності наявних просторово-розподілених вихідних даних, включаючи картографічні і вільно 

поширювані глобальні цифрові моделі рельєфу (ЦМР), для просторово-розподіленої кількісної оцінки ерозійних 

втрат ґрунту на локальному рівні територіального охоплення. Досягнення поставленої мети виконано методом 

імітаційного моделювання з використанням фізико-статистичної ГІС-реалізованої математичної моделі змиву-

акумуляції ґрунту, розробленої в Одеському національному університеті імені І. І. Мечникова. Тестувалися ма-

сиви просторово-розподілених вихідних даних з ЦМР SRTM90 з просторовою роздільною здатністю 3 кутові 

секунди і з ЦМР SRTM30 і AW3D30 з просторовою роздільною здатністю 1 кутова секунда, а також з «картогра-

фічними» ЦМР, отриманими на основі топографічних карт масштабів 1:10000 і 1:25000. Для тестування вихідних 

даних обрано три ділянки площею 2,67, 0,59 і 0,21 км2. Ділянки розташовані в Балтському районі Одеської області 

на південних відрогах Подільської височини. Встановлено, що вільно поширювані глобальні цифрові моделі ре-

льєфу SRTM i AW3D30 в умовах рівнинного рельєфу далеко не завжди дають можливість адекватно відобразити 

структуру схилового стоку і, відповідно, коректно виконати розрахунки ерозійних втрат ґрунту. При використанні 

https://doi.org/10.15446/agron.colomb.v34n2.56145
https://doi.org/10.15446/agron.colomb.v34n2.56145
https://doi.org/10.3934/geosci.2020014
https://doi.org/10.15421/111911
http://dx.doi.org/10.1080/10106049.2016.1140822
http://pcraster.geo.uu.nl/
http://pcraster.geo.uu.nl/downloads/latest-release/
http://pcraster.geo.uu.nl/downloads/latest-release/
http://dx.doi.org/10.1016/S0924-2716(02)00124-7.%20%20–только
https://www.ars.usda.gov/ARSUserFiles/64080530/RUSLE/AH_703.pdf
http://dx.doi.org/10.1071/SR19043
https://doi.org/10.15421/111953
http://dx.doi.org/10.5194/isprsarchives-XL-4-243-2014
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.5755%2Fj01.erem.71.3.12474
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.5755%2Fj01.erem.71.3.12474
https://naldc.nal.usda.gov/download/CAT79706928/PDF
https://naldc.nal.usda.gov/download/CAT79706928/PDF


ISSN 2410-7360 Вісник Харківського національного університету імені В.Н. Каразіна  

- 197 - 

ЦМР, побудованих на основі топографічних карт, зменшення масштабу карт з 1:10000 до 1:25000 призводить до 

зменшення середньої величини ерозійних втрат ґрунту приблизно на 20% за рахунок, головним чином, зменшення 

площі з максимальними втратами ґрунту, а на схилах складної форми – також за рахунок змін площі зон акуму-

ляції. Вказано причини і умови порушення коректності глобальних ЦМР. Встановлено, що на глобальної ЦМР 

AW3D30 зустрічаються локальні інструментальні похибки, які можуть зробити неможливим її використання. По-

казано, що найбільш наближені розрахункові значення ерозійних втрат ґрунту до референційних продукує ЦМР 

SRTM30.  

Ключові слова: ерозія ґрунту, просторово розподілена оцінка, глобальні цифрові моделі рельєфу, оцінка аде-

кватності. 
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