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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 1. 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 km? 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  Ukraine, but especially — in the north of the steppe

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

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 km?) 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 km?. 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-
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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-
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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 c¢m,
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 km?. 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
km?. 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 (“topo307).
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 1. 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
Ti:st Characteristic Digital elevation model
plot topo25 | AW3D30 SRTM30 SRTM90
Average soil losses, t/ha/yr 10.7 8.80 9.05 8.44
K1 Part relative to losses obtained using
reference DEM, % 100 82.2 84.5 78.9
Average soil losses, t/ha/yr 26.9 =¥ 23.8 21.0
K2 Part relative to losses obtained using "
reference DEM, % 100 ) 88.5 78.1
Average soil losses, t/ha/yr 16.7 13.1 12.2 15.3
K3 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
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Fig. 2. Distribution of soil erosion losses, calculated using different DEMs, over the area of plot K1
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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
K1 Average lengths of flow lines, m 376 180 250 369
Average slope gradients, %o 49.8 53.4 46.6 39.6
K3 Average lengths of flow lines, m 306 164 142 270
Average slope gradients, %o 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
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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 ~ map of soil losses shows the alternation of zones of
the average values of one or another erosion factor, = washout and accumulation, showing "waves" in the
but also their spatial distributions, which can be quite  distribution of soil erosion losses along the slopes.
complex. The result is a complex spatial structure of  (Fig. 6).

the calculated soil erosion losses. In particular, the 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 .. Raster cell size, m
plot Characteristics 10 1 20 30 50 70 90
K1 Average soil losses, t/ha/year 58 143 | 58 |57 ] 48 | 27
Fraction of soil losses in comparison with cell size 10 m, % | 100 | 74.1 | 100.0 | 98.3 | 82.8 | 46.6
K2 Average soil losses, t/ha/year 2731270 269 1269 | 28.1 | 25.2
Fraction of soil losses in comparison with cell size 10m, % | 100 | 98.9 | 98.5 | 98.5 | 1029 | 92.3
Average soil losses, t/ha/year 53 141 | 48 | 42 | 45 1.7
K3 Fraction of soil losses in comparison with cell size 10 m, % | 100 | 77.4 | 90.6 | 79.2 | 84.9 | 32.1

Erosion soil losses,
t/ha/yr

—_—2Z
i |
BSSé
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£
]

<-50

—~— Contour line

1, 3, 7-9, 12 - arable lands

11, 14 - natural grasses

13 - natural grasses and bushes
2, 10 - forests

o 100 200m
[ S

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. 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.

25

N
o

=
ol

Part of plot area, %
H
o

(6]

2-5

0-2

Erosion soil losses, t/halyear

5-10 10-20
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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 km?
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.
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IIpo6JieMu MPOCTOPOBO-PO3NOALITEHOT KiJIbKICHOI OI[IHKH
€pOo3iiHUX BTPAT IPYHTY

Onexcandp Onexciitoeuu Ceimauunuit’,

1. reorp. H., mpodecop, 'Onecrbkuii HalioHaNbHMI yHiBepcuTeT iMeHi 1. I. Meunukosa,
[[TamnaHcekuii poB., 2, M. Oxeca, 65058, Ykpaina;

Anna Bikmopiena IT’amkosa I

K. Teorp. H., AOICHT

Po3rstHyTO Mpo6eMu IPOCTOPOBO-PO3IOIIICHOT OLIIHKH €pO31HHUX BTPAT IPYHTY 3 BUKOPHUCTAHHIM Cy4acHHUX Ma-
TeMaTUYHUX MOJIENIEH SIK OCHOBH OINTHMI3allii palioHAJIBHOTO BUKOPHCTAHHS €pO3iiHO-HeOe3NneuyHuX 3eMenb. MeToro
CTAaTTi € OIIiHKA aJIeKBATHOCTI HAIBHUX IPOCTOPOBO-PO3MONITICHNX BUXIHUX JaHUX, BKIIFOYAI09X KapTorpadivyHi i BITbHO
momuproBaHi mobansHi mudposi mozeni pensedy (LIMP), ams npocTopoBo-po3noaiIeHo] KiTbKICHOI OIIHKA epo3iiHIX
BTpPAaT I'PyHTY Ha JIOKAJILHOMY DPiBHI TEPUTOPIaJbHOTO OXOIUICHHA. JJOCSTHEHHS MOCTaBICHOI METH BUKOHAHO METOIOM
iMiTamifHOTO MOIEIOBAaHHS 3 BUKOPUCTAHHAM (izuko-crarucTiyHoi ['1C-peanizoBanoi MaTeMaTHIHOI MOZIEIi 3MHUBY-
aKyMyJISILii TpyHTY, po3poOneHoi B OnecbkoMy HamioHaIbHOMY yHiBepcuTeTi imeHi 1. I. Meunuxosa. TectyBanucs ma-
CHBH IIPOCTOPOBO-PO3MNOAUICHUX BUXiTHUX JaHuX 3 LIMP SRTM90 3 npocTopoBor0 po3aiabHOIO 3IaTHICTIO 3 KYTOBI
cexyHau i 3 LIMP SRTM30 i AW3D30 3 mpocTopoBOIO pO3IUILHOIO 3/IaTHICTIO 1 KyTOBa CEeKyH/a, a TAKOX 3 «KapTorpa-
¢iaanMun» [IMP, orpumannmu Ha ocHOBI Tonorpagiyaux kapt Macuradis 1:10000 i 1:25000. st TecTyBaHHS BUXITHAX
NaHux 06paHo TpH ALIAHKH iomero 2,67, 0,59 10,21 km?, Jlinsauku posramosani B banrcskomy paiioni Onecbkoi o6macri
Ha miBIeHHHX Bigporax I[lominbchkol BUCOUYMHH. BCeTaHOBIEGHO, IO BITFHO MOIIMPIOBaHI I00aNbHI HU(GPOBI MOAETI pe-
mbey SRTM 1 AW3D30 B ymoBax piBHHHHOTO penbe(dy Aaieko He 3aBK/IU JIAI0Th MOMJINBICTh aJIeKBaTHO BiJIOOpasuTH
CTPYKTYPY CXHJIOBOTO CTOKY i, BIZITIOBiTHO, KOPEKTHO BUKOHATH PO3PaXyHKH €pPO3iHHUX BTpaT IpyHTY. [Ipr BUKOPUCTAaHHI
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ISSN 2410-7360 BicHuk XapKiecbk020 HauioHanbH020 yHieepcumemy imeHi B.H. KapasiHa

LIMP, noOynoBaHnx Ha OCHOBI TomorpadiuHUX Kapt, 3MeHIIeHHs MacTady kapt 3 1:10000 xo 1:25000 npu3BoanuTs 10
3MEHIICHHS CEPEIHBOI BEIMYNHH €pO3iiIHNX BTpaT I'pyHTY Npuoim3Ho Ha 20% 3a paxyHOK, TOJIOBHUM YHHOM, 3MEHILICHHS
IUTONTI 3 MAKCUMaJIbHUMH BTpaTaMM I'PYHTY, a Ha CXHMJIaX CKJIaJHOI (POPMHU — TAaKOXK 32 PaXyHOK 3MiH IUIOIII 30H aKyMy-
ysinii. BkazaHO mMpUYMHY 1 YMOBM HOpYLIEHHs KOpeKTHOCTI miobansHux [IMP. Beranosneno, mo Ha robansHoi LIMP
AW3D30 3ycTpivaroThest JOKaJIbHI IHCTpyMEHTaIbHI TOXUOKH, SIKI MOXKYTh 3p0OUTH HEMOKIMBUM 11 BUKOpHcTaHHs. [1o-
Ka3aHO, 10 HAMO1IbIT HAOMIKEH] pO3paxyHKOBI 3HAYCHHS €pO3iHHIX BTpAT IPyHTY 10 pedepeHtiiianx npoxykye [IMP
SRTM30.

Kntouoei cnosa: eposis tpynmy, npocmopogo posnooiieHa oyinka, 2100aibHi yugposi mooeni penveqhy, oyinka ade-
K6amHOCMI.

BHecOK aBTOpiB: BCi aBTOPW 3p06MIM PiBHUI BHECOK Y L0 poboTY Haailiwna 20 keitHa 2021 p.
MNpwiinaTa 19 ciyna 2022 p.
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