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Soil erosion is one of the vital factors contributing to loss of fertility and 
environmental degradation. Generally accepted diagnostics of eroded soils is based 
on comparison of the sloping soils profile depth with the watershed soils. In this 
case, there is a separation problem of slope soils with a naturally shortened profile 
and eroded soils. Formation of the soil’s natural profile on the slopes, caused by the 
action of natural factors of soil formation, can be described using a mathematical 
model, characterizing hydrothermal conditions of the slope areas through relative 
parameters of insolation (Ki) and moisture. These parameters describe the 
difference in soil formation conditions on the slopes from the upland areas. They 
are calculated based on the landforms parameters – incline and slope exposure. 
Their ratio, xeromorphy coefficient, can be used to forecast humus content and 
profile thickness of non-eroded soils on the slopes. As studies have shown, for non-
eroded chernozem soils of Ukraine, the parameter xeromorphy describes 49% of 
the profile thickness dispersion, while for eroded soils it does not depend on this 
parameter. Thus, this model of profile thickness P versus xeromorphy can be used 
to forecast the thickness of non-eroded soil for specific conditions. Deviation of 
the profile thickness from the forecast one can be considered as manifestation of 
erosion or denudation.
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INTRODUCTION

Soil erosion is recognized as one of the most 
dangerous soil degradation processes in the 
world (Borrelli et al., 2017; FAO, 2015;). It leads to 
irreversible losses of soil fertility and is probably one 
of the most important sources of greenhouse gas 
emissions into the atmosphere (Kudeyarov, 2018). 
Potential soil losses have been assessed by the results 
of mathematical modeling of erosion processes, 
mapping the risk of soil erosion in the last decade 
both for the EU, and in other countries of the world 
(Biswas et al., 2015, Bosco et al., 2015; Liu et al., 2018; 
Panagos et al., 2018; Yang, 2015). However, mapping 
of water erosion based on predictive models is still a 
very rough estimate of its actual risk. Moreover, it can 
be used in estimating real soil loss with great caution, 
as indicated by (Laflen and Flanagan, 2013). Despite 
the long history of soil water erosion research, 
existing estimates of actual soil erosion losses and, 
consequently, its damage are still very approximate 
(FAO, 2015; Telles, 2011). Thus, damage estimates 
from water erosion in the United States vary from tens 
of millions to 44 billion dollars, annual losses from 
erosion in the EU are, according to Montannarella et 
al., 2007, 45.4 billion dollars. The estimated losses 
of soil from erosion in the world according to FAO, 
2015 are from 20 to 50 Gt/year. Soil loss data though 
vary by an order of magnitude – from 20 to 200 Gt/
year because of their inadequate assessment. In 
addition, assessment of water erosion contribution 
to the global C cycle is also very ambiguous today 
(Chernova et al., 2018; Lugato et al., 2018; Van Oost, 
2007; Yigini and Panagos, 2016;). There is still no 
consensus on whether erosion leads to carbon sink 
or emission into the atmosphere, and moreover, 
the extent of erosion processes contribution to the 
carbon cycle has not been estimated yet. One of 
the major obstacles to an adequate assessment of 
real soil losses and the dynamics of soil carbon on 
sloping lands is inefficient technique for determining 
soil erosion. There are neither precise quantitative 
criteria for its assessment, nor clear methodology 
for separation of underdeveloped and eroded soils 
on the slopes. Moreover, in real conditions erosion 
processes on the slopes lead to the formation of a 
complex mosaic structure of the soil cover, including 
eroded, non-eroded and washed soils (Achasov, 2009; 
Smetanova and Šabo, 2010; Zádorová et al., 2008, 
2014). In accordance with most existing techniques 

(IUSS Working Group WRB, 2015; DMES, 2010), soil 
erosion is expertly evaluated on the basis of external 
signs, such as visual detection of erosion, scour or 
wash, reduction of the upper horizon thickness, its 
color, ratio of the soil horizons thickness. Quantitative 
criteria to determine soil erosion and its degree 
are either absent or extremely approximate. For 
example, in FAO, 2015 guideline for soil description 
it is proposed to establish the degree of erosion 
visually, without clear quantitative criteria. Similar 
approaches are used in Ukraine (DMES, 2010). As a 
rule, the standard of non-eroded soils is watershed 
soil, where, hypothetically, erosion processes are 
mild. However, the features of the slope soil formation 
are not taken into account here. In fact, even in 
the absence of erosion processes less humidified 
soils with a shortened profile can be formed on 
the slopes, which can be mistakenly diagnosed as 
eroded. Such sloping soils, unlike the eroded ones, 
have a reduced potential for carbon sequestration, 
since their humus content is close to optimal for the 
existing soil formation conditions. Climate aridization 
will further contribute to the weakening of carbon 
sequestration of such soils. Eroded soils are, in fact, 
under-saturated with organic carbon. They have 
a high potential for its sequestration. Achieving a 
neutral level of soil degradation currently subject 
to erosion, will contribute to resumption of humus 
accumulation processes in such soils and binding 
of atmospheric greenhouse gases. In addition, 
incorrect diagnostics of slope soils status leads to 
an inadequate assessment of soil erosion losses and 
errors in calculating the damage from erosion for slope 
areas. The widespread use of digital soil mapping 
methods, using remote sensing data, also requires 
development of an additional quantitative method 
for differentiating eroded and non-eroded sloping 
soils. As studies have shown (Achasov and Achasova, 
2011; Zizala, et al., 2018), the automated selection of 
eroded soils only on the data from remote sensing 
is inaccurate. To obtain the correct results both 
remote and ground methods should be used. At the 
same time, characteristics of the landforms can be 
successfully used to predict different soil parameters 
in various regions (Achasov, 2009; Achasov et al., 
2015; Cherlinka et al., 2017, Mosleh, et al., 2016, 
Silva,  et al., 2016; Ziadat, 2010). This study has been 
carried out in Donetsk and Kharkiv regions of Ukraine 
during 2002-2013.
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MATERIALS AND METHODS

Characteristics of research sites
Soil studies were conducted on the territory of 

Ukraine, in the landfills located in Slaviansk district, 
Donetsk region (Sl1 and Sl2 landfills) (Fig. 1a) and in 
Pechenigy district of Kharkiv region (Pech landfill) 
during 2002-2013 (Fig. 1b). The total area of the 
surveyed territory is 43,500 ha. All the landfills are 
located in the Steppe zone. Prevailing soils of this area 
are (according to the Ukrainian classification) typical 
chernozems (Chernozems typical) and ordinary 
chernozems (Chernozems ordinary), formed on loess 
in a temperate continental climate. According to the 
FAO classification (IUSS, 2015), these soils belong to 
one group– Haplic Chernozems. Climatic conditions 
of the surveyed territories are described in details in 
the table (Table 1).

Characteristics of the studied soils
Studies in Slaviansk district were conducted on the 

territory of two landfills (Sl1 and Sl2, respectively), in 
the total area of 38,000 hectares (Table 1). During 
the survey, 135 soil sections were laid. In Pechenigy 
district, research was conducted on a landfill area of 
4,500 hectares. 60 soil sections were laid in survey. 
The soils of all landfills were formed under conditions 
of a rather complex topography characterized by 
a developed ravine-gully network with significant 
differences in height (Table 1). This has caused a 
considerable development of erosion processes, 
leading to the complication of the soil cover structure.

Principles of sampling
The research methodology involved creation 

of a “training” sample”, which included a large 

a b
Fig.1: The map of research territory in Donetsk region (a) and Kharkiv region (b) 

 
  

Fig. 1: The map of research territory in Donetsk region (a) and Kharkiv region (b)

Table 1: Study sites and their characteristics 
 

Site Physical and geographical area R, МJ/м2 D, days T, °С L, м Vm, м V, м 
Sl1 

n=78 Western-Donetsk slope elevated 1800 160 +7,5 575 155 90 

Sl2 
n=57 Western-Donetsk slope elevated 1800 160 +7,5 575 150 75 

Pech 
n=60 Starobilsk slope elevated 1850 170 +8,2 550 140 60 

* Note. R – annual radiation balance; D – frost-free period; T -  annual average 
temperature; L – annual average precipitation; Vm – average height above sea level; V - height difference. 

 
  

Table 1: Study sites and their characteristics
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number of deliberately non-eroded soils, and a 
“working” sample, whose soils representatively 
characterize this territory as a whole and are eroded 
to varying degrees. Considering the fact that the very 
establishment of soil erosion in the field is a problem, 
it was necessary to find a sufficient number of non-
eroded slope soils. The “training” sample was formed 
from cuts representing Slaviansk district. Landfills Sl1 
and Sl2 were large areas and it was easier to find virgin 
areas or areas that had been removed from active 
use, without soil erosion processes. Consequently, 
it was possible to create two samples of soils (Sl1, n 
= 78; Sl2, n = 57), which with high probability were 
non-eroded and at the same time characterized the 
slopes of different steepness and exposure. Thus, Sl1 
and Sl2 are samples of conditionally non-eroded soils. 
The convention in this case is explained by the fact 
that the territory of the Steppe zone of Ukraine has 
long been used by man for farming. Therefore, even 
the current virgin soils may actually be previously 
abandoned arable soils. The soils of Pechenigy District 
(Pech) were selected as the “working” sample, 
because according to preliminary estimates (analysis 
of the relief and Landsat satellite images) and field 
surveys they were characterized as the eroded ones. 
The soils of all landfills are quite similar but differ 
at the subtype level according to the Ukrainian 
classification (National report, 2010). Typical (Pech 
polygon) and ordinary chernozems (landfills Sl1, 
Sl2) vary in CaCO3 form in the parent rock, caused 
by the difference in hydrothermal conditions of 
soil formation. Table 3 shows characteristics of the 

studied soils. It is necessary to note that the table 
presents both complete samples (Sl1, Sl2, Pech) and 
samples of modal non-eroded soils (Sl1m, Sl2m, Pechm). 
Modal non-eroded soils were considered the soils 
located on the watersheds, with surface slopes of 
less than 1 degree. At the same time, there were 
no signs of erosion processes on the ground (scour, 
signs of washing away and alluvial soil). In these 
conditions, in accordance with the methodology 
adopted in Ukraine, these soils can be described 
as non-eroded. Let us note that according to the 
methodology, all the other soils of these samples 
cannot be considered non-eroded, even in complete 
absence of visible signs of erosion. The soils of both 
landfills were formed mainly on loess deposits of 
similar granulometric composition (Table 2). The 
primary analysis of the table shows that the organic 
carbon content and soil thickness is slightly higher for 
the sample, representing the Pech polygon.

Field Soil Survey Technique
The locations of the soil cuts have been selected in 

accordance with the soil mapping methodology. The 
main principles are: 1) mandatory location of several 
basic sections in flat areas where erosion processes 
are absent or minimal, 2) sections located in virgin 
areas not subject to erosion, if possible, 3) sections 
in all major topographic elements. Field description 
of soil cuts was carried out according to the methods 
adopted in Ukraine. Soil samples were taken from 
the upper part of the genetic humus-accumulative 
horizon H from depth of 0–20 cm, in which the content 

Table 2: Parameters of the studied soils 
 

Site SOC, % Sand, % Silt, % Clay, % Р, см 

Sl1,n=78 4,87 
(2,40-5,90) 

17,62 
(0,10-34,60) 

35,06 
(23,93-55,34) 

47,31 
(36,56-61,33) 

76,05 
(45-100) 

Sl1m,n=10 3,11 
(2,79-3,31) 

12,85 
(0,09-26,40) 

42,08 
(31,97-54,76) 

45,80 
(41,62-51,74) 

91,00 
(85-100) 

Sl2,n=57 4,74 
(1,46-5,72) 

15,70 
(0,88-33,50) 

44,42 
(21,02-72,62) 

39,87 
(17,20-51,86) 

74,91 
(37-105) 

Sl2m, n=5 2,97 
(2,85-3,26) 

10,87 
(8,44-12,58) 

41,64 
(38,02-63,69) 

46,55 
(27,82-51,39) 

90,00 
(86-105) 

Pech, n=60 4,40 
(2,43-6,16) 

16,20 
(1,15-32,61) 

44,78 
(29,50-60,88) 

39,02 
(24,52-52,82) 

97,28 
(34-168) 

Pechm,n=6 3,02 
(2,52-3,17) 

12,77 
(5,03-18,10) 

51,66 
(35,96-55,20) 

35,78 
(33,28-45,93) 

98,50 
(83-110) 

*Note. Sl1, Sl2, Pech - full samples; Sl1m, Sl2m, Pechm — samples of modal non-eroded soils; SOCm — organic carbon content in the soil layer 0–20 cm,%; 
Sand - component of soil 0.05 to 2 mm in diameter; Silt - component of soil 0.002 to 0.05 mm; Clay - component of soil less than 0.002 mm; P -  the 
thickness of the soil profile; The numerator indicates the arithmetic average value of the parameter (for Sl1m, Sl2m, Pechm samples - the median), in 
the denominator - the range of values. 

 
  

Table 2: Parameters of the studied soils
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of organic carbon and the particle size distribution of 
the soil were subsequently determined.

Geographical fixation of survey sites
Sites of all the cuts were recorded in space using 

GPS devices Garmin 12 and Magellan Explorist 500.
They were plotted on digital topographic maps of 

the surface on a scale of 1:10,000 in the ArcGIS10. The 
height above sea level, slope and surface exposure 
were determined.

Technique of hydrothermal conditions parameters 
According to these values, the following topographic 

characteristics were calculated: insolation coefficient 
(Ki), relative wetting coefficient (Ku) and xeromorphic 
coefficient (Kk). Ki characterizes the ratio of the 
amount of direct solar radiation entering the real 
slope, compared with the amount of solar radiation 
on a horizontal surface, and is calculated according 
to (Achasov, 2006). Ku characterizes the ratio of the 
amount of water entering the soil on a given slope, 
compared with the amount of water entering the 
soil located on a horizontal surface. It is calculated 
according to (Achasov, 2009). The xeromophism 
coefficient is defined as the ratio of Ki to Ku. Based 
on the above, Kk characterizes the change in 
hydrothermal conditions of soil formation for a 
particular topographic area in comparison with a 
horizontal surface. Effectiveness of these coefficients 
has been proved in a number of studies (Achasov, 

2006, 2009; Achasov and Achasova, 2011, Achasov et 
al., 2015)

Statistics 
All obtained samples data were tested for 

normal distribution, basic descriptive statistics was 
calculated for all. The obtained data were processed 
by the following types of statistical analysis: the 
Kruskal-Wallis criterion, linear correlation, non-linear 
regression. Evaluation of the analytical predictive 
model was carried out using cross-validation. All 
statistical calculations were performed using the 
Statistica software.

RESULTS AND DISCUSSION

Comparison of non-eroded modal soils of landfills 
The first step in the analysis of the obtained data 

was to check the quantitative data of the compiled 
samples of modal non-eroded soils (Sl1m, Sl2m, 
Pechm.  Because of difference in classification, basic 
parameters of the soils determining their invariant 
had to be unchanged.  Analysis of samples for 
normal distribution (Table 3) has showed that non-
parametric statistics should be applied to them. 
Comparison of three samples of non-eroded modal 
soils by the Kruskal-Wallis criterion (Kruskal-Wallis 
test) (Table 3) shows that they largely differ at the 
5% level of significance only in the Clay parameter. 
Pairwise comparison of samples has showed that 

 
Table 3: Results of a comparative analysis of modal non-eroded soils samples according to the Kraskel-Wallis criterion 

 
Variable  Samples М SR MR Н p 

Sand 
Sl1m 

Sl2m 

Pechm 

12,85 
10,87 
12,77 

114,00 
38,00 
58,00 

11,40 
7,60 

11,60 
1,605714 0,4480 

Clay 
Sl1m 

Sl2m 

Pechm 

45,80 
46,55 
35,77 

147,00 
55,00 
28,00 

12,70 
11,00 
5,60 

4,848571 0,0885 

Silt 
Sl1m 

Sl2m 

Pechm 

42,07 
41,63 
51,66 

83,00 
55,00 
72,00 

8,30 
11,00 
14,40 

3,591429 0,1660 

Н 
Sl1m 

Sl2m 

Pechm 

42,00 
39,00 
45,00 

107,00 
22,00 

102,00 

10,70 
4,40 

17,00 
11,66197 0,0029 

P 
Sl1m 

Sl2m 

Pechm 

91,00 
90,00 
98,50 

101,50 
50,50 
79,00 

10,15 
10,10 
13,17 

1,032504 0,5968 

SOC 
Sl1m 

Sl2m 

Pechm 

3,11 
2,96 
3,01 

126,00 
55,00 
50,00 

12.60 
11,00 
8,33 

1,781257 0,4104 

  Note: М – median; SR – sum of ranks; MR – mean rank; KWT – Kruskal-Wallis test;  Н – Н-statistics,  p – level of statistical values.  

 
  

Table 3: Results of a comparative analysis of modal non-eroded soils samples according to the Kraskel-Wallis criterion
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significant differences are observed only for samples 
Sl1m and Pechm. The soils of the Pech landfill have a 
lighter grain size distribution and, as a result, a slightly 
more stretched upper genetic horizon. Differences 
in the soil profile thickness, the content of organic 
carbon and sand and silt in the soil layer of 0-20 cm, 
on the basis of statistical analysis, are recognized as 
insignificant. This suggests that the studied soils are 
genetically similar. The soils of the Pech landfill have 
a lighter grain size distribution and, as a result, a 
slightly more stretched upper genetic horizon. 

Basic research hypothesis
It has been assumed that soils with a shortened 

profile are not always eroded. Such soils can be 

formed in natural environment as a result of a 
decrease in soil moisture on the slopes, associated 
with local hydrothermal conditions. First of all, this 
refers to the slopes of the southern exposure with 
significant steepness. Local dry conditions arise on 
such slopes due to: a) higher average annual insolation 
of the southern slopes and, consequently, greater 
evaporation of moisture from the soil, and b) a higher 
rate of water flowing down the slope and, as a result, 
less saturation (absorption) of moisture by the soil. 
Accordingly, by parameterizing influence of the relief 
factor, soil formation conditions in the local landscape 
were estimated. It is proposed to use the xeromorphy 
(Kk) coefficient as a parameter considering the effect 
of topography on soil formation.

a b

 
c d

Fig. 2: Dependence of the soil profile thickness (P) on the parameter Kk: a) for sample Sl1; b) for sample 
Sl2; c) for the combined sample Sl1 and Sl2; d) for sample Pech

 

Fig. 2: Dependence of the soil profile thickness (P) on the parameter Kk: a) for sample Sl1; b) for sample Sl2; c) for the combined 
sample Sl1 and Sl2; d) for sample Pech
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Regression data analysis
Based on the above basic research hypothesis, 

the following scheme was adopted to analyze the 
obtained data: 1) building a dependence model 
of soils profile thickness on Kk, using the complete 
sample Sl1; 2) cross-validation of the obtained model 
on the full sample Sl2 data; 3) assessment of soil 
erosion degree of the Pech sample according to the 
proposed model. Before establishing regression links 
between Kk and P, normal distribution of these values 
over all samples was estimated. It has been found out 
that all the parameters under study are subject to the 
law of normal distribution, and standard regression 
analysis techniques are applicable to them. Regression 
analysis of the soil profile thickness dependence on 
Kk for sample Sl1 has showed that it is exponential 
(Fig. 2a). To bring the exponential model to a linear 
one, the logarithm of parameter P was carried out. 
As a result, a formula of linear dependence of LnP on 
Kk was obtained, describing 47% of the soil profile 
thickness dispersion (Table 4).

The obtained model confirms the fact that soil 
formation on slopes essentially depends on the local 
features of the hydrothermal conditions. Difficulty in 
finding original non-eroded soils on the slopes should 
also be taken into account. It is likely that some soils 
in the sampling have weak manifestations of erosion, 
which cannot be clearly established by standard 
diagnostic methods. The received formula was 
verified by cross-validation on Sl2 sample. The results 
have showed that the root - mean-square error 
(RMSE) value for the residual regression equation is 
0.168. For comparison, the RMSE for Sl1 sample was 
0.1334 (Table 4).

The average value of the residuals module for Sl2 
sample after recalculation to centimeters is 8.7 cm. 
95% confidence intervals of the average are 7.19 and 
10.2. Average deviation of the predicted thickness of 
the soil profile for sample Sl2 differs from the average 
value of the actual thickness of the soil by 8.7 cm. 
Transitions between all horizons of ordinary and 

typical chernozems are gradual and, according to the 
accepted method, the error in their determination in 
field conditions can be up to 10 cm. In general, the 
results of cross-validation confirm the high accuracy 
of the forecasting model. Fig. 2b shows relationship 
between P and Kk, obtained during the regression 
analysis of Sl2 sample. This relationship is also 
exponential, which confirms the basic hypothesis. 
The obtained regression linear equation describes 
51% of the thickness dispersion of the soil profile 
for sample Sl2. Since the analysis has confirmed the 
consistency of proposed approach to the assessment 
of hydrothermal conditions of soil formation through 
Kk, samples of non-eroded soils Sl1 and Sl2 were 
combined (Sl). The analysis has showed (Fig. 2c) that 
the regression linear equation for the dependence of 
LnP on Kk for the combined sample describes 49% of 
the soil profile thickness.

Approbation of the resulting model
The next step in the analysis was application of the 

equation for the dependence of LnP on Kk, obtained 
for the combined sample of non-eroded soils on Pech 
sample. As it has been mentioned above, this sample, 
unlike the other two, represents both eroded and 
non-eroded soils. A preliminary analysis of the data 
has showed that there is no clear dependence of P 
on Kk (Fig. 2d) for this sample. Nonlinear regression 
analysis has showed that the exponential dependence 
model is estimated by a correlation ratio of 0.15, 
while all the regression coefficients are not significant 
at the 95% confidence level. The attempt to use linear 
regression for both P and LnP has not improved the 
result (Table 4). Forecast of LnP values ​​from Kk, 
using the linear regression equation obtained for Sl 
sample, has showed large discrepancies between the 
predicted values ​​of the soil profile thickness and the 
actual ones. The RMSE for residuals was 0.409, which 
is 3 times worse than the RMSE for the combined 
sample of non-eroded soils Sl. Average modular 
residual values ​​for Pech sample after recalculation 

Table 4: Regression dependency parametersTable 4: Regression dependency parameters 

Site Equation  R2 RMSE p-level 
Sl1,n=78 lnP = 5,8916 - 1,4355*Kk 0,47 0,1334 0,0000 
Sl2,n=57 lnP = 5,9425 - 1,4609*Kk 0,51 0,1432 0,0000 
Sl, n=135 LnP = 5,895-1,4301*Kk 0,49 0,1381 0,0000 

Pech, n=60 LnP = 5,088-0,4862*Kk 0,01 0,3029 0,0390 
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into centimeters was 30 cm. 95% confidence intervals 
of the average are 24.3 and 35.6. Thus, it can be 
argued that the average deviation of the predicted 
thickness of the soil profile for the Pech sample differs 
from the average value of the actual thickness of the 
soil by 30 cm. The obtained results indicate that the 
Pech sample soil profile thickness does not depend 
on the site of its location in the topography, which 
has been proved earlier. Thus, it can be concluded 
that majority of the soils in the Pech sample were 
eroded. Comparison of the actual values ​​of P for 
each section with the calculated value of the soil 
profile thickness, obtained by the equation Sl, allows 
to determine the degree of its erosion. If the actual 
value of P lies within the limits of the confidence 
interval for estimating the average calculated value, 
then the soil under study is considered non-eroded. 
If P is greater than the upper confidence interval, the 
soil is washed, otherwise it is washed away.

CONCLUSION

The studies were focused on solving the problem 
of uncertainty in the diagnostics of short-profile slope 
soils. A shortened soil profile can be formed both as 
a result of natural environmental conditions, and as a 
result of exposure to erosion processes. The method 
for determining soil erosion based on a comparison of 
the actual thickness of its profile with the calculated 
value was proposed.  The latter is determined on the 
basis of hydrothermal conditions formalization of soil 
formation through the coefficient of xeromorphy. In 
the course of the research it has been found out that 
the relationship between soil thickness and Kk has 
an exponential form for non-eroded soils located on 
various topographic elements. After reducing it to a 
linear form by logarithm P and carrying out regression 
analysis, it has been established that for a sample 
of 135 sections, 49% of P dispersion is described 
by Kk parameter. The correctness of the model was 
confirmed by cross-validation. The established model 
makes it possible to calculate soil profile thickness 
depending on the slope and exposure of the meta-
cut of the section. Application of the model to a 
sample of eroded soils is expected to show large 
discrepancies between the actual P and the calculated 
P. Average deviation is 30 cm, which is about 1/3 of 
the modal non-eroded soil thickness located on the 
divide. According to the proposed hypothesis, soils 
with values below the lower confidence interval of 

the calculated value P are considered eroded.  If P 
actually exceeds the upper confidence interval of the 
calculated P value, the soil is reclaimed. 
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ABBREVIATIONS

% Percentage

Clay Component of soil less than 0.002 mm

DEM Digital Elevation Model

H Н-statistics  

Ki Insolation coefficient

Kk Xeromorphy coefficient 

Kw Wetting coefficient 

KWT Kruskal-Wallis test

LnP Natural logarithm Р

M Median

mm Millimetre

MR Mean rank 

P Profile  thickness, cm

Pech Full samples of Pechenigi landfill 

Pechm Samples of modal non-eroded soils of 
Pechenigi landfill

p-level Probability level 

R2 Determination coefficient 

RMSE Root-mean-square error

Sand Component of soil 0.05 to 2 mm in 
diameter 

Silt Component of soil 0.002 to 0.05 mm 

Sl1 Full samples of Slaviansk1 landfill

Sl1m Samples of modal non-eroded soils of 
Slaviansk1 landfill
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Sl2 Full samples of Slaviansk2 landfill

Sl2m Samples of modal non-eroded soils of 
Slaviansk2 landfill

SOCm 

Organic carbon content in the soil layer 
0–20 cm, %

SR Sum of ranks

REFERENCES
Achasov, A.B., (2009). Soil and geoinformation bases of anti-erosion 

optimization of agrolandscapes: theory and practice. Abstract of 
Dr. Dissertation, National University of Life and Environmental 
Sciences of Ukraine.

Achasov A.B.; Achasova A.A., (2011). The methodical basis of 
modern spatial soil monitoring. Visn.KhNU Ser. Ecol., 944:20-27 
(8 pages).

Achasov A.B.; Achasova A.O.; Seliverstov O.Y.; Sedov A.O.; 
Tovstokory O.V., (2015) Use of geoinformation technologies for 
the estimate of spatial heterogeneity of arable soil moisture. 
Man Environ. 1-2: 18-23 (6 pages).

Achasov, A.B., (2006). The influence of relief on the humus content 
in chernozem. Eurasian Soil Sci., 39(9): 931-937 (7 pages). 

Biswas, H.; Raizada, A.; Mandal, D.; Kumar, S.; Srinivas, S.; Mishra, 
P.K., (2015). Identification of areas vulnerable to soil erosion 
risk in India using GIS methods.  Solid Earth., 6: 1247-1257 (11 
pages). 

Borrelli, P.; Robinson, D.A.; Fleischer, L.R.; Lugato, E.; Ballabio, 
C.; Alewell, C.; Meusburger, K.; Modugno, S.; Schutt, B.; Ferro, 
V.; Bagarello, V.; Van Oost, K.; Montanarella, L.; Panagos P., 
(2017). An assessment of the global impact of 21st century land 
use change on soil erosion.  Nat. Commun., 8 (1) (13 pages). 

Bosco, C.; de Rigo, D.; Dewitte, O.; Poesen, J.; Panagos, P., (2015). 
Modelling soil erosion at European scale: towards harmonization 
and reproducibility. Nat. Hazards Earth Syst. Sci., 15: 225-245 (21 
pages). 

Cherlinka, V.; Dmytruk, Y.; Zaharovskyy, V. (2017). Comparative 
estimation of the accuracy of simulation modeling of soil cover 
and forecast of cartograms of agro-industrial groups. Biol. syst., 
9: 298-305 (8 pages). 

Chernova, O.; Ryzhova, I.M .; Podvezennaya, M.A. (2018) Influence 
of historical and regional features of land use on the size and 
structure of carbon stocks in the southern taiga and forest-
steppe of European Russia.  Soil Sci., 6: 747-759 (13 pages).

DMES, (2010). Diagnostic Methods of Eroded Soils. in: Baluk S.A.; 
Tovazniansky, L.L. (Eds.), Scientific and applied bases of soil 
protection from erosion in Ukraine. NTU “KhPI”, Kharkiv., 270-
286 (17 pages). 

FAO, (2015). Status of the World’s Soil Resources (SWSR) – Main 
report, Rome, Italy. Guidelines for soil description, 4th ed.  FAO, 
Rome. 

IUSS Working Group WRB, (2015). World reference base for soil 
resources 2014, update 2015 International soil classification 
system for naming soils and creating legends for soil maps. 
World soil resources reports, 106. FAO, Rome. 

Kudeyarov V.N., (2018). Soil respiration and nutrient runoff of 
carbon dioxide in Russia (analytical review). Soil Sci.; 6: 643-658 
(15 pages). 

Laflen, J.M., Flanagan, D.C., (2013). The development of U. S. soil 
erosion prediction and modeling.  Int. Soil Water Conserv. Res., 
1(2): 1-11 (11 pages).

Liu, Y.H.; Li, D.H.; Chen, W.; Lin, B.S.; Seeboonruang, U.; Tsai F., 
(2018). Soil erosion modeling and comparison using slope 
units and grid cells in Shihmen reservoir watershed in Northern 
Taiwan. Water, 10(10): 1387 (14 pages). 

Lugato, E.; Smith. P.; Borrelli, P.; Panagos, P.; Ballabio, C.; Orgiazzi, 
A.; Fernandez-Ugalde, O.; Montanarella, L.; Jones, A. (2018). Soil 
erosion is unlikely to drive a future carbon sink in Europe. Sci. 
Adv., 4 (11), (7 pages).  

Montanarella, L., (2007). Trends in land degradation in Europe. 
In: Sivakumar, M.V.K., Ndiang’ui, N.; eds. Climate and land 
degradation. New York, Springer, (21 pages).

Mosleh, Z.;  Salehi, M.; Jafari, A.;  Esfandiarpoor Borujeni, I.; 
Mehnatkesh, A. (2016). The effectiveness of digital soil mapping 
to predict soil properties over low-relief areas. Environ. Monitor. 
Assess., 188: 195 (13 pages). 

National report, (2010).  National report about condition of soil 
fertility in Ukraine. Kyiv., (112 pages).

Panagos, P.; Standardi, G.; Borrelli, P.; Lugato, E.; Montanarella, L.; 
Bosello, F., (2018). Cost of agricultural productivity loss due to 
soil erosion in the European Union: From direct cost evaluation 
approaches to the use of macroeconomic models. Land Degrad. 
Dev., 29(3): 471–484 (14 pages). 

Silva, S.; Poggere, G.; Duarte de Menezes, M.; Carvalho, G.; 
Guilherme, L.; Curi, N., (2016). Proximal sensing and digital 
terrain models applied to digital soil mapping and modeling of 
Brazilian latosols (oxisols). Remote Sens., 8(8): 614. (22 pages).  

Smetanova, A.; Šabo, M. (2010). Bright patches in chernozems 
areas on loess - An evidence of soil erosion and relief changes. 
Stud. Geogr., 45: 143-152 (10 pages).

Telles, T.S.; Guimarães, M.F.; Dechen, S.C.F., (2011). The costs of 
soil erosion. Rev. Bras. Ciênc. Solo, 35(2): 287-298 (12 pages). 

Van Oost, K.; Quine, T. A.; Govers, G.; De Gryze, S.;  Six, J.; Harden, 
J.W.; Ritchie, J.C.; McCarty, G. W.; Heckrath, G.; Kosmas, C.; 
Giraldez, J. V.; Marques da Silva,   J. R.; Merckx R., (2007) The 
impact of agricultural soil erosion on the global carbon cycle. 
Science, 318(5850): 626-629 (4 pages).

Yang, X., (2015).   Digital mapping of RUSLE slope length and 
steepness factor across New South Wales, Australia.  Soil Res., 
53: 216–225 (10 pages). 

Yigini, Y.; Panagos, P., (2016). Assessment of soil organic carbon 
stocks under future climate and land cover changes in Europe. 
Sci. Total Environ., 557-558: 838-850 (13 pages). 

Zádorová T.; Žížala D.; Penížek V.; Čejková Š. (2014): Relating extent 
of colluvial soils to topographic derivatives and soil variables in 
a Luvisol sub-catchment, Central Bohemia, Czech Republic. Soil 
Water Res.; 9: 47–57 (11 pages).

Zádorová, T.; Chuman, T.; Šefrna, L., (2008). Proposal for a method 
for Colluvisol delineation in Chernozem region. Soil Water Res. 
3: 215-222 (8 pages). 

Zizala, D.; Juřicová, A.; Zádorová, T.;   Zelenková, K.; Minařík, R., 
(2018). Mapping soil degradation using remote sensing data and 
ancillary data: South-East Moravia, Czech Republic. Eur. J. Rem. 
Sens., 1-15 (15 pages). 

Ziadat,   F.M., (2010) Prediction of Soil Depth from Digital 
Terrain Data by Integrating Statistical and Visual Approaches. 
Pedosphere, 20 (3): 361-367 (7 pages). 

http://webcache.googleusercontent.com/search?q=cache:lzdGMWa7CLkJ:irbis-nbuv.gov.ua/cgi-bin/irbis_nbuv/cgiirbis_64.exe%3FC21COM%3D2%26I21DBN%3DARD%26P21DBN%3DARD%26Z21ID%3D%26Image_file_name%3DDOC/2009/09aabatp.zip%26IMAGE_FILE_DOWNLOAD%3D1+&cd=2&hl=ru&ct=clnk&gl=ua
http://webcache.googleusercontent.com/search?q=cache:lzdGMWa7CLkJ:irbis-nbuv.gov.ua/cgi-bin/irbis_nbuv/cgiirbis_64.exe%3FC21COM%3D2%26I21DBN%3DARD%26P21DBN%3DARD%26Z21ID%3D%26Image_file_name%3DDOC/2009/09aabatp.zip%26IMAGE_FILE_DOWNLOAD%3D1+&cd=2&hl=ru&ct=clnk&gl=ua
http://webcache.googleusercontent.com/search?q=cache:lzdGMWa7CLkJ:irbis-nbuv.gov.ua/cgi-bin/irbis_nbuv/cgiirbis_64.exe%3FC21COM%3D2%26I21DBN%3DARD%26P21DBN%3DARD%26Z21ID%3D%26Image_file_name%3DDOC/2009/09aabatp.zip%26IMAGE_FILE_DOWNLOAD%3D1+&cd=2&hl=ru&ct=clnk&gl=ua
http://webcache.googleusercontent.com/search?q=cache:lzdGMWa7CLkJ:irbis-nbuv.gov.ua/cgi-bin/irbis_nbuv/cgiirbis_64.exe%3FC21COM%3D2%26I21DBN%3DARD%26P21DBN%3DARD%26Z21ID%3D%26Image_file_name%3DDOC/2009/09aabatp.zip%26IMAGE_FILE_DOWNLOAD%3D1+&cd=2&hl=ru&ct=clnk&gl=ua
http://journals.uran.ua/visnukkhnu_ecology/article/view/23264/20782
http://journals.uran.ua/visnukkhnu_ecology/article/view/23264/20782
http://journals.uran.ua/visnukkhnu_ecology/article/view/23264/20782
http://journals.uran.ua/ludina_dov/article/view/48724/44941
http://journals.uran.ua/ludina_dov/article/view/48724/44941
http://journals.uran.ua/ludina_dov/article/view/48724/44941
http://journals.uran.ua/ludina_dov/article/view/48724/44941
https://link.springer.com/article/10.1134%2FS106422930609002X
https://link.springer.com/article/10.1134%2FS106422930609002X
https://www.solid-earth.net/6/1247/2015/se-6-1247-2015.html
https://www.solid-earth.net/6/1247/2015/se-6-1247-2015.html
https://www.solid-earth.net/6/1247/2015/se-6-1247-2015.html
https://www.solid-earth.net/6/1247/2015/se-6-1247-2015.html
https://www.nature.com/articles/s41467-017-02142-7
https://www.nature.com/articles/s41467-017-02142-7
https://www.nature.com/articles/s41467-017-02142-7
https://www.nature.com/articles/s41467-017-02142-7
https://www.nature.com/articles/s41467-017-02142-7
https://www.nat-hazards-earth-syst-sci.net/15/225/2015/nhess-15-225-2015.html
https://www.nat-hazards-earth-syst-sci.net/15/225/2015/nhess-15-225-2015.html
https://www.nat-hazards-earth-syst-sci.net/15/225/2015/nhess-15-225-2015.html
https://www.nat-hazards-earth-syst-sci.net/15/225/2015/nhess-15-225-2015.html
https://www.researchgate.net/publication/323726977_Comparative_estimation_of_the_accuracy_of_simulation_modeling_of_soil_cover_and_forecast_of_cartograms_of_agro-industrial_groups
https://www.researchgate.net/publication/323726977_Comparative_estimation_of_the_accuracy_of_simulation_modeling_of_soil_cover_and_forecast_of_cartograms_of_agro-industrial_groups
https://www.researchgate.net/publication/323726977_Comparative_estimation_of_the_accuracy_of_simulation_modeling_of_soil_cover_and_forecast_of_cartograms_of_agro-industrial_groups
https://www.researchgate.net/publication/323726977_Comparative_estimation_of_the_accuracy_of_simulation_modeling_of_soil_cover_and_forecast_of_cartograms_of_agro-industrial_groups
https://www.libnauka.ru/item.php?doi=10.7868/S0032180X18060114
https://www.libnauka.ru/item.php?doi=10.7868/S0032180X18060114
https://www.libnauka.ru/item.php?doi=10.7868/S0032180X18060114
https://www.libnauka.ru/item.php?doi=10.7868/S0032180X18060114
http://dspace.knau.kharkov.ua/jspui/handle/123456789/872http:/dspace.knau.kharkov.ua/jspui/handle/123456789/872
http://dspace.knau.kharkov.ua/jspui/handle/123456789/872http:/dspace.knau.kharkov.ua/jspui/handle/123456789/872
http://dspace.knau.kharkov.ua/jspui/handle/123456789/872http:/dspace.knau.kharkov.ua/jspui/handle/123456789/872
http://dspace.knau.kharkov.ua/jspui/handle/123456789/872http:/dspace.knau.kharkov.ua/jspui/handle/123456789/872
http://www.fao.org/3/a-i5126e.pdf
http://www.fao.org/3/a-i5126e.pdf
http://www.fao.org/3/a-i5126e.pdf
http://www.fao.org/3/i3794en/I3794en.pdf
http://www.fao.org/3/i3794en/I3794en.pdf
http://www.fao.org/3/i3794en/I3794en.pdf
http://www.fao.org/3/i3794en/I3794en.pdf
https://www.libnauka.ru/journal/pochvovedenie/pochvovedenie-2018-6/dykhanie-pochv-i biogennyy-stok-uglekislogo-gaza-na-territorii-rossii-analiticheskiy-obzor-pochvovedenie/
https://www.libnauka.ru/journal/pochvovedenie/pochvovedenie-2018-6/dykhanie-pochv-i biogennyy-stok-uglekislogo-gaza-na-territorii-rossii-analiticheskiy-obzor-pochvovedenie/
https://www.libnauka.ru/journal/pochvovedenie/pochvovedenie-2018-6/dykhanie-pochv-i biogennyy-stok-uglekislogo-gaza-na-territorii-rossii-analiticheskiy-obzor-pochvovedenie/
https://www.sciencedirect.com/science/article/pii/S2095633915300344
https://www.sciencedirect.com/science/article/pii/S2095633915300344
https://www.sciencedirect.com/science/article/pii/S2095633915300344
https://www.mdpi.com/2073-4441/10/10/1387
https://www.mdpi.com/2073-4441/10/10/1387
https://www.mdpi.com/2073-4441/10/10/1387
https://www.mdpi.com/2073-4441/10/10/1387
https://advances.sciencemag.org/content/4/11/eaau3523
https://advances.sciencemag.org/content/4/11/eaau3523
https://advances.sciencemag.org/content/4/11/eaau3523
https://advances.sciencemag.org/content/4/11/eaau3523
https://link.springer.com/chapter/10.1007/978-3-540-72438-4_5
https://link.springer.com/chapter/10.1007/978-3-540-72438-4_5
https://link.springer.com/chapter/10.1007/978-3-540-72438-4_5
https://www.researchgate.net/publication/296194262_The_effectiveness_of_digital_soil_mapping_to_predict_soil_properties_over_low-relief_areas
https://www.researchgate.net/publication/296194262_The_effectiveness_of_digital_soil_mapping_to_predict_soil_properties_over_low-relief_areas
https://www.researchgate.net/publication/296194262_The_effectiveness_of_digital_soil_mapping_to_predict_soil_properties_over_low-relief_areas
https://www.researchgate.net/publication/296194262_The_effectiveness_of_digital_soil_mapping_to_predict_soil_properties_over_low-relief_areas
http://www.iogu.gov.ua/wp-content/uploads/2013/07/stan_gruntiv.pdf
http://www.iogu.gov.ua/wp-content/uploads/2013/07/stan_gruntiv.pdf
https://onlinelibrary.wiley.com/doi/full/10.1002/ldr.2879
https://onlinelibrary.wiley.com/doi/full/10.1002/ldr.2879
https://onlinelibrary.wiley.com/doi/full/10.1002/ldr.2879
https://onlinelibrary.wiley.com/doi/full/10.1002/ldr.2879
https://onlinelibrary.wiley.com/doi/full/10.1002/ldr.2879
https://www.mdpi.com/2072-4292/8/8/614
https://www.mdpi.com/2072-4292/8/8/614
https://www.mdpi.com/2072-4292/8/8/614
https://www.mdpi.com/2072-4292/8/8/614
https://www.researchgate.net/publication/234073608_Bright_patches_in_chernozems_areas_on_loess_-_An_evidence_of_soil_erosion_and_relief_changes
https://www.researchgate.net/publication/234073608_Bright_patches_in_chernozems_areas_on_loess_-_An_evidence_of_soil_erosion_and_relief_changes
https://www.researchgate.net/publication/234073608_Bright_patches_in_chernozems_areas_on_loess_-_An_evidence_of_soil_erosion_and_relief_changes
https://www.researchgate.net/publication/234073608_Bright_patches_in_chernozems_areas_on_loess_-_An_evidence_of_soil_erosion_and_relief_changes
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S0100-06832011000200001&lng=en&tlng=en
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S0100-06832011000200001&lng=en&tlng=en
http://science.sciencemag.org/content/318/5850/626
http://science.sciencemag.org/content/318/5850/626
http://science.sciencemag.org/content/318/5850/626
http://science.sciencemag.org/content/318/5850/626
http://science.sciencemag.org/content/318/5850/626
http://www.publish.csiro.au/sr/SR14208
http://www.publish.csiro.au/sr/SR14208
http://www.publish.csiro.au/sr/SR14208
https://www.sciencedirect.com/science/article/pii/S0048969716305095
https://www.sciencedirect.com/science/article/pii/S0048969716305095
https://www.sciencedirect.com/science/article/pii/S0048969716305095
https://www.agriculturejournals.cz/web/swr.htm?volume=9&firstPage=47&type=publishedArticle
https://www.agriculturejournals.cz/web/swr.htm?volume=9&firstPage=47&type=publishedArticle
https://www.agriculturejournals.cz/web/swr.htm?volume=9&firstPage=47&type=publishedArticle
https://www.agriculturejournals.cz/web/swr.htm?volume=9&firstPage=47&type=publishedArticle
https://www.agriculturejournals.cz/web/swr.htm?volume=3&firstPage=215&type=publishedArticle
https://www.agriculturejournals.cz/web/swr.htm?volume=3&firstPage=215&type=publishedArticle
https://www.agriculturejournals.cz/web/swr.htm?volume=3&firstPage=215&type=publishedArticle
https://www.tandfonline.com/doi/abs/10.1080/22797254.2018.1482524
https://www.tandfonline.com/doi/abs/10.1080/22797254.2018.1482524
https://www.tandfonline.com/doi/abs/10.1080/22797254.2018.1482524
https://www.tandfonline.com/doi/abs/10.1080/22797254.2018.1482524
https://www.sciencedirect.com/science/article/abs/pii/S1002016010600252
https://www.sciencedirect.com/science/article/abs/pii/S1002016010600252
https://www.sciencedirect.com/science/article/abs/pii/S1002016010600252


21

Global J. Environ. Sci. Manage. 5(SI): 12-21, 2019

AUTHOR (S) BIOSKETCHES

Achasov, A.B., Ph.D., Professor, Department of Ecology and Neoecology, School of Ecology, V. N. Karazin Kharkiv National University, 
Kharkiv, Ukraine. Email: achasov.ab@gmail.com

Achasova, A.A., Ph.D., Docent, Soil Erosion Control Laboratory, National Scientific Center «Institute of Soil Science and Agrochemistry 
Research named after O.N. Sokolovsky», Kharkiv, Ukraine. Email: alsisa971@gmail.com

Titenko, A.V., Ph.D., Docent, Department of Ecology and Neoecology, School of Ecology, V. N. Karazin Kharkiv National University, 
Kharkiv, Ukraine. Email: titenko555@gmail.com

HOW TO CITE THIS ARTICLE

Achasov, A.B.; Achasova, A.A.; Titenko, A.V., (2019). Determination of soil erosion by assessing hydrothermal 
conditions of its formation. Global. J. Environ. Sci. Manage., 5(SI): 12-21.

DOI: 10.22034/gjesm.2019.SI.02

url: https://www.gjesm.net/article_35437.html

COPYRIGHTS

Copyright for this article is retained by the author(s), with publication rights granted to the GJESM Journal.
This is an open-access article distributed under the terms and conditions of the Creative Commons Attribution
License (http://creativecommons.org/licenses/by/4.0/).

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

	Soil erosion by assessing hydrothermal conditions of its formation 
	Abstract
	Keywords
	INTRODUCTION
	MATERIALS AND METHODS 
	Characteristics of research sites 
	Characteristics of the studied soils 
	Principles of sampling 
	Field Soil Survey Technique 
	Geographical fixation of survey sites 
	Technique of hydrothermal conditions parameters  
	Statistics

	RESULTS AND DISCUSSION 
	Comparison of non-eroded modal soils of landfills  
	Basic research hypothesis 
	Regression data analysis 
	Approbation of the resulting model 

	CONCLUSION
	ACKNOWLEDGEMENT
	CONFLICT OF INTEREST 
	ABBREVIATIONS
	REFERENCES


