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ECONOMICS OF SOIL EROSION: CASE STUDY OF UKRAINE

Purpose. The main objective of this paper is (i) to determinate the economic loss due to crop
productivity loss caused by soil erosion in Ukraine, and (ii) to present the results of the econometric
modeling of soil erosion impact on the efficiency crop production at the regional and district level.

Methodology / approach. This study uses the following methods: expert assessments and
monographic (for the assessment of economic losses due to crop productivity loss from spreading
soil erosion); graphical (for building three-dimensional graphs); econometric modeling (to develop
a mathematical model of the dependence of the gross crop production and income from sales per
100 hectares from the share of eroded arable land in its total area and production costs in crop
industry per 100 hectares); abstract-and-logical (for generalization of the research results). To
solve the assigned tasks, linear and quadratic econometric models (production functions) were
developed using a dataset (i) from 168 observations (on the example of Ukrainian regions for
2010-2016) and (ii) from 189 observations (on the example of districts of Kharkiv region for 2010-
2016). This study was conducted in order to test the hypothesis that the increase in the area of
eroded arable land has a negative effect on the gross output of crop production.

Results. Our expert assessment of economic losses due to crop productivity loss from spread
of soil erosion on agricultural land in Ukraine is 224 min USD. The obtained results confirm the
hypothesis about the negative relationship between gross crop output and the level of land erosion.
The obtained data confirm that an increase in the area of eroded arable land by 1 % leads to a
decrease in the gross output of crop production by 0.20 % per 100 hectares of agricultural land in
total, and in the third group of the studied subjects (the share of eroded arable land in their total
area is more than 50 %) — by 0.61 %, respectively.

Originality / scientific novelty. For the first time, linear and nonlinear (quadratic)
econometric models were developed, which made it possible to carry out quantitative assessment of
the impact of the soil erosion and the financial support (production costs in crop industry) per
hectare on the formation of the financial results (gross crop output and income) of business entities
in Ukrainian agriculture. The provision on the economics of soil erosion was further developed in
terms of expert assessment of losses from this type of degradation and confirmation of the effect of
the economic law of diminishing returns, which should be taken into account when developing
measures for sustainable land management.

Practical value / implications. The main results of the study can be used for the development,
substantiation and implementation of soil protection measures for the sustainable use of

Vol. 7, No. 4, 2021 27 ISSN 2414-584X


http://are-journal.com/

Agricultural and Resource Economics: International Scientific E-Journal
http://are-journal.com

agricultural land and/or to informed decision-making at different levels of management concerning
restoration of eroded land.

Key words: agricultural productivity, economic losses, soil erosion, production costs, impact
of soil erosion on the production of crop products.

Introduction and review of literature. The economics of soil erosion has
received relatively little attention until recent years. Although a number of studies
have undertaken to quantify the costs of soil erosion, studies that address the
economics of soil erosion are still scarce [1]. Soil erosion negatively affects crop
yields. However, the issue of how significant is this impact remains debatable. For
example, Bakker et al. [2] show that future reductions in productivity through soil
erosion in Europe as a whole are relatively small and do not pose a substantial threat
to crop production within the coming century. However, within Europe there is
considerable variability, and for the southern countries the threat of erosion-induced
productivity declines is stronger [2]. At the same time, according to Panagos et al.
[3], soil erosion by water is one of the major threats to soils in the European Union
(EU), with a negative impact on ecosystem services, crop production and carbon
stocks. The mean soil loss rate in the EU is estimated to 2.46 t/hectare annually,
resulting in a total soil loss of 970 Mt annually. About 12.7 % of European arable
lands have soil loss >5 t/hectare annually requiring protection [3]. Although some
studies have addressed the issue of reduced crop productivity due to soil erosion, few
have focused on the economic loss in terms of agriculture [4]. In one such study, an
economic assessment of soil erosion in the EU was carried out. According to Panagos
et al. [4] the 12 min hectares of agricultural areas in the EU that suffer from severe
erosion are estimated to lose around 0.43 % of their crop productivity annually. The
annual cost of this loss in agricultural productivity is estimated at around 1.2 bin
Euro. The highest economic losses are typical for Italy, whereas the agricultural
sector in most Northern and Central European countries is only marginally affected
by soil erosion losses [4]. As far as we know, in Ukraine there are no such
assessments according to this methodology.

Nearly all of Europe is affected by soil erosion. To mitigate the impacts of soil
erosion, the European Union’s Common Agricultural Policy has introduced
conservation measures which reduce soil loss by water erosion by 20 % in arable
lands. A major policy response is required to reverse the impacts of erosion in
degraded areas, particularly in light of the current climate change [5].

Various aspects of soil erosion are covered in the works of such scientists as:
Achasov et al. [6], Bernoux et al. [7], Borrelli et al. [8; 9], Liu et al. [10], Martin
Fernandez et al. [11], Menshov et al. [12], Panagos et al. [3-5], Pham et al. [13],
Tessema et al. [14], Shao [15], Timchenko et al. [16], Vavra et al. [17], and others
[18-21]. Water erosion is a threat for numerous arable lands in Ukraine (Fig. 1).
There is strong evidence that soil erosion in Ukraine is accelerating, leading to major
natural damage in other ways too, such as siltation of rivers, harbors, and dam
reservoirs (which feed hydroelectric power stations). But the problem is more acute
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in some areas than others: in the south-east of the country, for example, soil has been
eroded to the extent of desertification [22].
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Fig. 1. The share of eroded arable land (by water erosion) in its total area
in Ukraine

Source: [7].

According to the search and analysis of the documents in Scopus (search object
— “economics of soil erosion”; search scale — all fields), 132 documents were found.
Based on the review of articles on economics of soil erosion indexed by Scopus
during 1982 and 2021 (Fig. 2), we identified (i) a growth trend in the number of
publications in the world (leaders — USA, Canada, Australia, Germany and India),
and (ii) research gaps in Ukrainian literature (not a single document has been
published by Ukrainian scientists), that have not yet been addressed.
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Fig. 2. Number of documents on “economics of soil erosion” published in

journals indexed by Scopus in dynamics and in the TOP-10 countries
Source: built on the basis of Scopus database.
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Analysis of the distribution of documents by type shows that the largest share
(70.5 %) is made up of articles (Fig. 3).
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1.5% Letter
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Review
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Article
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Fig. 3. Distribution of documents on “economics of soil erosion” published in
journals indexed by Scopus by type, 1982-2021
Source: built on the basis of Scopus database.
Analysis of the distribution of documents by subject area (Fig. 4) shows that the
largest number of publications fell on environmental science (28.2 %), agricultural
and biological sciences (26.1 %) and economics, econometrics and finance (16.2 %).
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Fig. 4. Distribution of documents on “economics of soil erosion” published in

journals indexed by Scopus by subject area, 1982-2021
Source: built on the basis of Scopus database.
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The interdisciplinary nature of the economics of soil erosion indicates the need
to intensify scientific cooperation between soil scientists, agronomists and
economists to conduct comprehensive research.

In terms of the number of publications on the economics of soil erosion, the
most influential organizations in the world are the University of Wisconsin-Madison
and Wageningen University & Research. Analysis of the distribution of documents in
the context of the main sources of publication indicates that the largest number of
studies was published in the following journals: Ecological Economics
(4 documents), Land Degradation and Development (4 documents), American
Journal of Agricultural Economics (3 documents), Journal of Food Agriculture and
Environment (3 documents), World Development (3 documents).

However, up to present the problem of economic assessment of impact of soil
erosion on the production of crop products in Ukraine is not covered sufficiently, thus
determining the topicality of this research issue. Therefore, the proposed article is a
logical continuation of the scientific research of the authors on this topic [19-20; 23],
in particular those that were presented by one of the co-authors at the Global
Symposium on Soil Erosion (GSER19) at The Food and Agriculture Organization
(FAQ) [24]. The methodological basis of this study is the fundamental provisions of
modern ecological economics and economics of land degradation.

The purpose of the article. The main objective of this paper is (i) to
determinate the economic loss due to crop productivity loss caused by soil erosion in
Ukraine, and (ii) to present the results of the econometric modeling of soil erosion
impact on the efficiency crop production at the regional and district level.

Results and discussion. Soil erosion is the major challenge that threatens the
comparative advantage and competitiveness of Ukrainian crop production systems.
“It is estimated that more than 500 min t of soil are eroded annually from arable land
in Ukraine resulting in loss of soil fertility across 32.5 min hectares and equivalent to
around 5 bln USD in nutrient equivalent. This represents a significant loss of the
main agricultural productive asset of the country: its soils. The value of eroded soil
each year is around one-third of the agricultural gross domestic product (GDP). This
means that for each dollar of added agricultural value, one-third is lost through
erosion; or ten tonnes of soil are eroded for each t of grain produced” [7].

Erodibility of agricultural lands has already arrived at 40 %. There are 24 min t
of humus, 1 min t of nitrogen, 700 thousand t of phosphorus, 10 min t of potassium
are lost yearly. There are from 8 to 30 t/hectare average washing-off from tillage
yearly and differ by regions. The complete damage of erosion is more, then 10 bin
USD per year, it is approximately equals to the National budget of Ukraine [18].

According to our expert assessment (Fig. 5), the total economic loss (loss of
income from sales) due to crop productivity loss caused by soil erosion in Ukraine is
about 5.7 bin UAH (or 0.224 bin USD). The total amount of lost profit due to crop
productivity loss caused by soil erosion is about 1136 min UAH (or 44.5 min USD).

As a result of the correlation analysis, a statistically significant weak inverse
relationship (r =-0.227) was revealed between the share of eroded arable land in its
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total area and the gross crop production in agricultural enterprises of Ukrainian
regions per 100 hectares of agricultural land. However, the volume of gross crop
production per unit of land area had a high direct correlation (r = 0.773) with the
intensity of production. At the same time, agricultural enterprises did not always
invest more in those regions where more eroded arable land is concentrated, since a
moderate backward correlation link was identified between them (r = -0.350).

Economic losses (loss of income from sales) due:
soil degradation including soils erosion

D1 0.224

Fig. 5. Expert assessment of economic losses (loss of income from sales) due to
crop productivity loss from spreading soil degradation, in particular, their

erosion in Ukraine
Source: authors’ research.

The parameters of the constructed linear two-factor econometric model (Fig. 6)
indicate that an increase in the share of eroded arable land in its total area by
1 percentage point (pp) caused a decrease in volume of gross output of crop
production by 69.6 USD/100 hectares of agricultural land, while with the increase in
production costs by 1 thousand USD/100 hectares of arable land, the volume of these
products increased by 600.8 USD/100 hectares of agricultural land. The quadratic
model indicates a nonlinear (polynomial) dependence of the volume of gross output
of crop production from the intensity of its production, which is the result of the
economic law of diminishing returns, while the higher the level of erosion of arable
land, the more it is necessary to invest money to obtain the same amount of products.

The next step of our study was to assess the impact of land erosion on the
analyzed economic indicators by grouping the regions of Ukraine by the share of
eroded arable land in its total area, resulting in the formation of three groups of
objects:

(i) regions with a relatively small amount of eroded arable land (up to 30.0 %,
70 observations), which are characterized by the following average values of
indicators: the share of eroded arable land — 17.8 %; wheat yield — 3.82 t/hectare;
production costs in crop industry per 100 hectares of arable land — 59.7 thousand
USD; gross output of crop production per 100 hectares of agricultural land —
49.9 thousand USD;
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VY =15.2125 + 0.6008x2 — 0.0696x1

b)
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Fig. 6. Linear (a) and quadratic (b) models of the dependence of gross crop
production per 100 hectares of agricultural land (Y, thousand USD) from the
share of eroded arable land in its total area (X1, %) and production costs in crop
industry per 100 hectares of arable land (X2, thousand USD) using the example

of agricultural enterprises of Ukrainian regions, 2010-2016
Source: built by the authors on the basis of their own research according to the form number
50-s.g. and data of the State Service of Ukraine for Geodesy, Cartography & Cadastre.
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(ii) regions with an average amount of eroded arable land (30.1-50.0 %,
56 observations), they are characterized by the following average values of
indicators: the share of eroded arable land — 38.4 %; wheat yield — 3.73 t/hectare;
production costs in crop industry per 100 hectares of arable land — 55.5 thousand
USD; gross output of crop production per 100 hectares of agricultural land —
45.8 thousand USD;

(iii) regions with a relatively large amount of eroded arable land (more than
50.0 %, 42 observations), they are characterized by the following average values of
indicators: the share of eroded arable land — 62.2 %; wheat yield — 3.10 t/hectare;
production costs in crop industry per 100 hectares of arable land — 39.3 thousand
USD; gross output of crop production per 100 hectares of agricultural land —
34.4 thousand USD.

Thus, with an increase in the share of eroded arable land, wheat yields and gross
output of crop production per 100 hectares of agricultural land decreased; compared
to the first group in the third group they were on average 18.8 and 34.2 % less,
respectively.

The developed econometric models are statistically significant, reliable and
adequate, as evidenced by the values of the Fisher’s F-criterion and Student’s t-test
(Table 1).

Table 1
Parameters of econometric models of dependence of the gross crop production
per 100 hectares of agricultural land from the share of eroded arable land in its
total area and production costs in crop industry per 100 hectares of arable land
using the example of agricultural enterprises of the regions of Ukraine,

2010-2016
. . Indicators and their meanings (n = 168)
Statistical characteristics - .
Linear model Quadratic model

Coefficient of multiple _ . . _ . .
correlation (R) R =0.720 (high correlation) R = 0.788 (high correlation)
Coefficient of multiple | R? =0.519 (statistically significant | R? = 0.620 (statistically significant
determination (R?) because significance F < 0.05) because significance F < 0.05)

T Fract = 88.9; Fani =2.16 —at 95% | Fract = 52.9; Frani = 5.16 — at 95%
Fisher’s F-criterion probability level: Fra > Frabl probability level: Frat > Frabl

i tract = 19.2; tran1 = 1.98 — at 95% tract = 26.6; tianl = 1.98 — at 95%

Student’s t-criterion probability level; tract > tiani probability level; tract > tiani
Sta_ndar_d error of 13.91 11.85
estimation

Source: authors’ calculations.

The determination coefficient shows that the variation in the volume of gross
output of crop production was explained by 51.9-62.0 % of the variability by the
included factors, which closely correlated with the resultant indicator.

At the same time, the quantitative value of one of the regressors (X;) in both
models turned out to be statistically insignificant (Table 2) for the selected 95 %
probability level, that is, the probability of error when using them exceeds 5 %.
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Consequently, these models can be applied to make individual decisions, however,
for forecasting, it is necessary to improve their reliability.
Table 2
Results of estimation of parameters of econometric models of dependence of the
gross crop production per 100 hectares of agricultural land from the share of
eroded arable land in its total area and production costs in crop industry per
100 hectares of arable land using the example of agricultural enterprises of
Ukrainian regions, 2010-2016

_ | Regre- Standard| t- P- p- | Regre- Standard| t- P- B-
Vari- | ssors, . coef- | ssors, L coef-
ables | coef error |statistics| value ficient | coef error |statistics| value ficient

Linear model Quadratic model
y |15.2125| 3.7283 | 4.0802 | 0.0001 -13.139| 8.6199 |-1.5243 [0.1294

x2 [ 0.6008 | 0.0486 |12.35110.0000|0.6953|1.3616| 0.1765 | 7.7131 | 0.0000 | 1.5757
x1[-0.0696| 0.0519 | -1.3409 | 0.1818 |-0.0755| 0.0798 | 0.2432 | 0.3279 | 0.7434 | 0.0865

x2? - - - - - |-0.0048| 0.0008 | -6.3618 | 0.0000 |-0.9132
X1X2 - - - - - |-0.0002| 0.0031 | -0.0635 | 0.9494 |-0.0107
x12 - - - - - |-0.0007| 0.0016 | -0.4644 | 0.6430 |-0.0765

Note. Statistically significant indicators at the level of probability of 95 % are in italics.

Source: authors’ calculations.

Based on the constructed linear single-factor econometric model, it was
established that an increase in the share of eroded arable land in its total area by 1 pp
caused a decrease in volume of gross output of crop production by an average of
250.8 USD/100 hectares of agricultural land. However, as a result of one-factor
regression analysis in the context of the above three groups, it was found that only in
the third group the land degradation factor had a statistically significant negative
Impact on the resultant indicator, that is, with an increase in the share of eroded arable
land by 1 pp in areas where it exceeds 50 % of arable land, the volume of gross output
of crop production decreased by an average of 337.4 USD/100 hectares of agricultural
land.

The coefficient of elasticity for the single-factor model showed that the increase
in eroded arable land by 1 % leads to a decrease in gross crop production by 0.20 %
per 100 hectares of agricultural land in aggregate, and in the third group of subjects —
by 0.61 %, respectively. Consequently, the volume of gross crop production in
agricultural enterprises of these areas could be large in the absence of soil erosion.

Similar patterns were revealed on the example of agricultural enterprises of the
districts of the Kharkiv region (Fig. 7).

The parameters of the linear two-factor econometric model indicate that an
increase in the share of eroded arable land in its total area by 1 pp caused a decrease
in income from the sale of crop production by 2.23 USD/hectare of arable land, while
with an increase in production cost by 1 USD/hectare of arable land, the income
increased by 0.96 USD/hectare of arable land. The obtained mathematical models are
statistically significant.
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VYV =208.9384 + 0.9566x2 — 2.2289x1
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Fig. 7. Linear (a) and quadratic (b) models of the dependence of income from
sales of crop production per 1 hectare of arable land (Y, USD) from the share of
eroded arable land (X1, %) and production costs in crop industry per 1 hectare

of arable land (X2, USD) using the example of agricultural enterprises of
districts of Kharkiv region, 2010-2016
Source: built by the authors on the basis of their own research according to the form number
50-s.g. and data of the State Service of Ukraine for Geodesy, Cartography & Cadastre.
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In this way both developed econometric models with a probability of 95 % can
be considered statistically significant, adequate, high-quality and reliable (Table 3).
Thus, the factors included in the model explain more than 51 % of the variation in the
resultant indicator; the multiple correlation coefficients indicate a high tightness of
the relationship between the selected variables.
Table 3
Parameters of econometric models of dependence of the income from sales of
crop production per 1 hectare of arable land from the share of eroded arable
land and production costs in crop industry per 1 hectare of arable land using the
example of agricultural enterprises of districts of Kharkiv region, 2010-2016

Statistical Indicators and their meanings (n = 189)
characteristics Linear model Quadratic model
Coefficient of
multiple R = 0.716 (high correlation) R = 0.735 (high correlation)

correlation (R)
Coefficient of
multiple

R? = 0.513 (statistically significant | R?=0.540 (statistically significant

determination (R%) because significance F < 0.05) because significance F < 0.05)

] S Ftact = 98.0; Frap = 2.18 — at 95% Fract = 42.93; Frapi = 5.18 — at 95%
Fisher’s F-criterion probability level; Fract > Frapi probability level; Fract > Frani
Student’s t- tract = 20.1; tranl = 1.97 — at 95% tract = 21.8; tiab = 1.97 —at 95%
criterion probability level; tiact > tiabi probability level; tract > trai
Standard error of 112.2 109.9

estimation

Source: authors’ calculations.

The obtained results confirmed the hypothesis put forward and proved the
presence of an inverse relationship between the profitability of land use (by the
income per 1 hectare) and the degree of their erodibility. Analysis of the standard
error, t-test and P-value (Table 4) indicates the statistical significance of all
regression coefficients in the linear model; however, in the quadratic model, the
influence of the land erosion factor was statistically unreliable at 95 % probability,
which can be explained by the linear dependencies between the studied indicators.
Therefore, it is the linear econometric model suitable for making managerial
decisions and/or forecasts regarding the impact of land erosion on the
competitiveness of agricultural enterprises, and the quadratic model can be used to
make individual decisions, but not for the forecasts.

The results of a study of the economic assessment of impact of soil erosion on the
production of crop products in Ukraine can be used for the development, substantiation
and implementation of soil protection measures for the sustainable use of land in the
agricultural sector. Practical application of the research results will contribute to
informed decision-making at different levels of management.

Based on this study it can be noted that the large scale adoption of climate smart
agriculture such as conservation agriculture, combined with effective soil erosion
technologies, can potentially have significant benefits for Ukraine. For example,
conservation agriculture on 17 min hectares of land could help generate income of
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4.4 bln USD - equivalent to 34 % of agricultural GDP [22]. At the same time, we
note that, according to Chinese scientists, great attention should be paid to the
adverse impact of excessive agricultural inputs on soil erosion control. The
identification of the socioeconomic driving forces of regional soil erosion could help
adjust the development strategy on soil erosion control [25].

Table 4

Results of estimation of parameters of econometric models of dependence of the
income from sales of crop production per 1 hectare of arable land from the

share of eroded arable land and production costs in crop industry per 1 hectare
of arable land using the example of agricultural enterprises of districts of

Kharkiv region, 2010-2016
Regre-

Regre-

. Standard t- B- coef- Standard t- B- coef-
Vari- | ssors, . .. |P-value fici SSOrs, . .. |P-value fici
ables | coef. error |statistics icient coef. error  |statistics icient

Linear model Quadratic model
y 208.938| 55.551 | 3.761 | 0.000 -98.582 | 253.781 | -0.388 | 0.698

X1 -2.229 | 0951 | -2.343 | 0.020 | -0.121 | -5.084 | 7.680 | -0.662 | 0.509 | -0.276
X2 0.957 | 0.072 | 13.323 | 0.000 | 0.689 | 2.521 | 0.592 | 4.256 | 0.000 | 1.815

X1X2 - - - - - -0.007 | 0.008 | -0.878 | 0.381 | -0.269
x12 - - - - - 0.078 | 0.073 | 1.076 | 0.283 | 0.350
x2? -0.001 | 0.000 | -2.998 | 0.003 | -0.919

Note. Statistically significant indicators at the level of probability of 95 % are in italics.

Source: authors’ calculations.

One of the promising directions may be the use of the obtained results to improve
the stakeholder engagement necessary to support land use changes to improve
resilience against erosion. In the modern world overcoming the problems of soil
erosion and the transition to the sustainable use of land in agricultural production is
impossible without the broad involvement of all interested and stakeholding parties in
solving these problems. Dialogue with stakeholders is a key element of effective
management at individual farm and state levels. Currently in Ukraine, there is
considerable scope and need for significant improvements in this area as only a small
number of enterprises involved in the agricultural sector have developed stakeholder
engagement tools [20]. In this context, it should be noted that our conclusions coincide
with the results of research by European scientists. For example, in the Czech Republic
over 75 % of all stakeholders see soil erosion as a big problem; moreover, irresponsible
farmers are seen as the most important cause by all stakeholders [20]. At the same
time, it should be emphasized that in the Czech Republic, in contrast to Ukraine,
despite the lack of efforts at the governmental and legislative levels, local stakeholders
support pro-environmental measures to protect soil from erosion.

Conclusions. This paper describes the scale of soil erosion in Ukraine and the
economic losses caused by this problem. Our expert assessment of economic losses
(loss of income from sales) due to crop productivity loss from spreading soil erosion
in Ukraine is 224 min USD. For the first time, the economic assessment of impact of
soil erosion on the production of crop products in Ukraine was conducted. The
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obtained results favor the hypothesis of a negative relationship between gross crop
output and the level of land erosion. The findings confirm that the increase in the area
of eroded arable land by 1 % leads to a decrease in the gross output of crop production
by 0.20 % per 100 hectares of agricultural land in aggregate, and in the third group of
subjects (the share of eroded arable land in their total area is more than 50 %) — by
0.61 %, respectively.

The obtained results confirm the hypothesis that the increase in the area of
eroded arable land has a negative effect on the financial results (gross output of crop
production and income from its sale). For example, in the Kharkiv region the increase
in the share of eroded arable land in its total area by 1 pp caused a decrease in income
from the sale of crop production by 2.23 USD/hectare of arable land, while with an
increase in expenses by 1 USD/hectare of arable land, the income increased by
0.96 USD/hectare of arable land. The obtained mathematical models are statistically
significant. The quadratic models indicate a nonlinear (polynomial) dependence of
the volume of financial results from the financial support for production, which is the
result of the economic law of diminishing returns, while the higher the level of
erosion of arable land, the more it is necessary to invest money to obtain the same
amount of products. Agricultural enterprises do not always invest more in those
regions where more eroded arable land is concentrated, since a moderate backward
correlation link was identified between them (r = -0.350).

The main results of the study can be used for the development, substantiation and
implementation of measures for restoration of eroded land and sustainable soil
management. In the future, the following areas of research may be promising:
development and implementation of a mechanism for environmental insurance of
erosion hazardous lands; institutionalization and implementation of instruments of
compensation of losses from erosion in context for stimulation of the implementation
of sustainable soil management practices.
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