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Abstract: Soil erosion is a major environmental and economic concern affecting all continents
around the world. Soil loss facilitates land degradation, threatening both agricultural and natural
environments in continental Europe. The overall objective of the present study is to reveal temporal
changes of erosion risk in the Maritsa Basin, and also assess the temporal effects of land use and
land cover changes (LULCC) on the gross erosion rate. The Revised Universal Soil Loss Equation
(RUSLE) was utilized to monitor the distribution of the erosion risk zones and soil loss in the basin.
The variables were either directly derived from the satellite imagery or computed using established
equations or previous studies. The dynamic parameters were categorized into two-time frames as
1990 and 2015. The results indicate that the annual average erosion rate decreased from 0.895 to
0.828 t ha−1 year−1. This reduction is within the range of modeling error, potentially originated
from input data uncertainties. The most extensive changes in the gross soil loss were found in both
agricultural and artificial areas, which emphasize the significance of these two classes in soil erosion
models. The research summarized here enhances understanding the impacts of land use and land
cover (LULC) classes on erosion intensities.
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1. Introduction

In the 21st century, the erosion rate is expected to increase due to global warming and
anthropogenic activities, such as land use and land cover changes (LULCC), which are associated with
a more powerful hydrological cycle characterized by a higher magnitude of rainfall and more frequent
occurrences of heavy precipitation [1,2]. Therefore, the dynamics of the phenomenon of erosion are
identified, and important information is provided in the planning, development, and management
of natural resources. The Earth surface has weathered because of its intensive usage by various
civilizations since ancient times of human history has been considerably altered in the past few decades.
Climate change due to anthropogenic activities such as LULCC [3] and global warming [4] might
cause direct and indirect effects on soil erosion at various scales. Such natural and human-induced
changes have altered the dynamics of soil erosion, thereby resulting in erosion intensity through years.

Soil erosion by water is influenced by various natural and human forces and, accordingly, has
direct/indirect impacts on natural ecosystems [5,6]. In addition to the natural processes, soil erosion
rates have increased above normal levels because of human alterations. Boardman, Parson, Holland
and Holmes [7] emphasized the history of human disturbance (e.g., urbanization, deforestation,
and tillage) has played a key role due to its impacts on soil surface conditions. Therefore, the
most significant land degradation factor is human activities [8]. Both human alterations (e.g.,
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contour farming, strip cropping, terracing, and subsurface drainage) and climate (e.g., precipitation,
temperature) have been reported as significant factors controlling soil erosion [9–12].

Hydrological models enhance the understanding of soil erosion dynamics and allow for reasonable
predictions and forecasting. The two most common methods (empirical and physically based) have
been applied, and both existed with varying degrees of complexity in the literature. The Universal Soil
Loss Equation (USLE), developed by Wischmeier and Smith [13], is one of the oldest empirical methods
for computing the sheet and rill erosion at basin scale. Its revised (RUSLE) and modified (MUSLE)
versions have been increasingly used to evaluate soil loss in a large number of studies [14–16]. In the
RUSLE method, the amount of erosion rate is mainly controlled by the following input parameters:
rainfall erosivity (R-factor), soil erodibility (K-factor), slope length and slope steepness (LS-factor),
cover management (C-factor), and conservation practices (P-factor). The factors play a key role
in better understanding of the dynamics of erosion phenomena, and they are crucial for soil and
water conservation practices [17,18]. Indeed, land degradation processes that affect soil fertility
and cause land use restriction [19,20], which may result from dramatic changes in climate, soil
characteristics, LULC, and conservation practices [21,22]. A combination of extreme natural events,
such as climate issues (e.g., global warming, heavy rainfall more frequently following long dry periods)
or inappropriate LULC patterns can accelerate soil erosion. An effective modeling method is required
to determine the trends and current rate of erosion.

Soil erosion is one of the major environmental and economic phenomena in the Mediterranean
Basin due to its climate, relief, soils, lithology, and LULC characteristics [23–25]. Numerous studies
have examined the effects of climate change and LULCC on soil erosion [26–29]. These studies utilized
various methods, generally in the ArcGIS framework. In addition, the RUSLE method has been widely
used in Europe (e.g., [30]) and Turkey (e.g., [22]). The Maritsa Basin, one of the largest transboundary
river basins of Eastern Europe and the Balkan Peninsula in the Mediterranean Basin, is also exposed
to heavy soil erosion due to its favorable climatic and geographical characteristics. Examining the
relative importance of climate, LULC and conservation practices contributes to better understanding
the changing nature of soil erosion threatening both agricultural fertility and the natural environment
resulting from land degradation over time. Numerous studies have used RUSLE to cover various
sections of the Maritsa Basin (e.g., [31–34]); however, none directly addressed the entire basin.

The aim of this research is to enhance understanding of the relative importance of dynamic
parameters, especially LULCC, on soil erosion and to monitor erosion risk zones using the RUSLE
equation in the Maritsa Basin. Dynamic parameters in the simulation (e.g., rainfall erosivity, R-factor;
cover management, C-factor; and conservation practices, P-factor) were divided into two time frames
as in 1990 and in 2015 [12–35]. The research also aimed to determine the impacts of dynamic parameter
changes on the risk of erosion at catchment scale. This study also allows for determining the intensity
of gross soil loss not only in Europe, but also in its surroundings in Turkey.

2. Materials and Methods

2.1. Study Area

The Maritsa Basin, with an area of 53,000 km2 [36], is located within the borders of three countries
(Bulgaria, Turkey, Greece) in the Mediterranean Basin. The study area (42◦52’40”–40◦37’20” N;
23◦35’31”–28◦14’36” E) is one of the largest transboundary river basins of the Eastern Europe and
Balkan Peninsula (Figure 1).
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Figure 1. Location of the Maritsa Basin and its network. 

The mean annual precipitation is approximately 600 mm, and mostly occurs during winter. The 
Maritsa River is generally characterized by a flashy water discharge regime, meaning the stream flow 
rises sharply after an extreme rainfall event and then falls more gradually. Seasonally the discharge 
varies, with lower flows during summer and early autumn and higher flows in the winter and spring. 
The basin morphologically consists of alluvial plains, plateaus, and low-relief areas ranging from 0 
to 2883 m in altitude. In the studied basin, the widespread soil types are Alfisol, Entisol, Inceptisol, 
Mollisol and Vertisol according to soil taxonomy by Soil Atlas of Europe. The climatic and 
geographical features of the Maritsa Basin cause frequent floods and heavy soil erosion [37]. Soil 
erosion by water threatens both agriculture and the natural environment by causing land degradation 
over time [38,39]. Erosion is a natural phenomenon causing environmental and economic 
consequences in the Eastern Europe and Balkan Peninsula, as well. Hence, the European 
Commission’s Soil Thematic Strategy has defined soil erosion as a significant problem and monitored 
soil erosion in Europe [30]. It is very significant to determine the changing nature of soil erosion, and 
predict the trends of soil erosion in the future, and take precautions, accordingly. 

Figure 1. Location of the Maritsa Basin and its network.

The mean annual precipitation is approximately 600 mm, and mostly occurs during winter. The
Maritsa River is generally characterized by a flashy water discharge regime, meaning the stream flow
rises sharply after an extreme rainfall event and then falls more gradually. Seasonally the discharge
varies, with lower flows during summer and early autumn and higher flows in the winter and spring.
The basin morphologically consists of alluvial plains, plateaus, and low-relief areas ranging from 0
to 2883 m in altitude. In the studied basin, the widespread soil types are Alfisol, Entisol, Inceptisol,
Mollisol and Vertisol according to soil taxonomy by Soil Atlas of Europe. The climatic and geographical
features of the Maritsa Basin cause frequent floods and heavy soil erosion [37]. Soil erosion by water
threatens both agriculture and the natural environment by causing land degradation over time [38,39].
Erosion is a natural phenomenon causing environmental and economic consequences in the Eastern
Europe and Balkan Peninsula, as well. Hence, the European Commission’s Soil Thematic Strategy
has defined soil erosion as a significant problem and monitored soil erosion in Europe [30]. It is very
significant to determine the changing nature of soil erosion, and predict the trends of soil erosion in
the future, and take precautions, accordingly.
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2.2. Methodology

Due to limited funding, most developing countries cannot finance many complex field
measurements and spatial data requirements for spatial analysis. Therefore, Geographic Information
Systems (GIS) and RUSLE have become widely accepted conservation-planning tools throughout the
world because the approach is user-friendly and applicable for a basin with limited data. This method
has been reported by various researchers [15–40], who applied the following equation:

E = R × K × LS × C × P (1)

where E is the annual average soil loss (t ha−1 year−1), R the rainfall erosivity factor (MJ mm ha−1 h−1

year−1), K the soil erodibility factor (t ha h ha−1 MJ−1 mm−1), LS the slope length and slope steepness
factor (dimensionless), C the cover management factor (dimensionless), and P the conservation
practices factor (dimensionless).

During the simulation, the RUSLE method was used in two time steps in the years 1990 and 2015,
which were relatively assigned in the dynamic parameters (Figure 2). In fact, the LS-factor and K-factor
controlling erosion in the RUSLE method are more constant factors through years, while the R-factor,
C-factor, and P-factor are more dynamic parameters [15].
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2.2.1. Rainfall Erosivity Factor (R-Factor)

The R-factor represents a meteorological factor determining potential erosive forces of rainfall,
making it a critical input parameter in the RUSLE method. The R values were usually obtained from
the long-term average meteorological data as a product of total storm energy [15]. In the present
study, R-factor values were separately calculated using the long-term monthly rainfall values for
1950–1990 and 1991–2015 from the meteorological stations in the basin (Figure 3), and the results were
compared with the studies by Panagos et al. [41] and Ballabio [42]. The following equation, proposed
by Wischmeier and Smith [43] and revised by Arnoldus [44], was assigned to compute the R-factor:

Rainfall erosivity (R − factor) =
12

∑
i=1

1.735 × 10(1.5 log 10( Pi2
P )−0.08188 (2)

where R is rainfall erosivity measured in MJ mm ha−1 h−1 year−1, and Pi and P are monthly and
annual rainfall in millimeters. The interpolation technique of Inverse Distance Weighted (IDW) was
utilized for the values obtained from the above equations [45], and the maps of R-factors were also
generated based on average meteorological data mentioned above.

2.2.2. Soil Erodibility Factor (K-Factor)

The K-factor represents the relationship among annual average soil loss, hydraulic processes,
and sediment transportability under ordinary soil conditions. The relationship between annual average
soil loss and hydraulic processes is associated with the infiltration rate during storm events. In this
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study, the K-factor was estimated by combining the results of previous studies, utilizing the following
equation developed by Wischmeier and Smith [43] and Renard et al. [15] based on the statistics of soil
samples from various parts of the basin [46–48]. We have randomly taken General Directorate of State
Hydraulic in the entire basin shown in Figure 3. These samples were initially compared with the maps
of Soil Geographical Database of Eurasia and Turkey, and then the K-factor map was generated by
using ArcGIS. Due to the widespread usage in soil studies [49], IDW method was utilized to avoid
incompatibility of R-factor and K-factor maps.

Soil Erodibility Factor (K factor) = 27.66 × m1.14 × 10−8 × (12 − a) + 0.0043 × (b − 2) + 0.0033 × (c − 3) (3)

where m is (silt (%)) + (very fine sand (%)) × (100 − clay (%)); a is organic matter (%); b is structure
code; and c is the profile permeability code.

2.2.3. Slope Length and Steepness Factor (LS-Factor)

The LS-factor in RUSLE reflects the ratio of gross soil loss under given conditions with respect
to slope length (L-factor) and slope steepness (S-factor). Although the most accurate values of the
LS-factor can be observed from field work, the traditional method is not cost-effective. Therefore,
LS-factor values were computed from SRTM DEM data (2011) at 90 m resolution in the present
study [50]. The computational process was done based on the following equation proposed by Moore,
Burch [51] and Moore, Grayson, Ladson [52]:

LS Factor =
[

A
22.13

]0.4
×

[
Sin Q
0.0896

]1.3
(4)

where LS is the topographic factor; A is the product of flow accumulation and cell size; Q is the slope
in degrees.

2.2.4. Cover Management Factor (C-factor)

In RUSLE, the relative impacts of human applications are mainly considered through the C-factor,
representing the effects of LULC and roughness to gross soil loss. A protective vegetation layer assists
in stabilizing topsoil, thereby preventing soil degradation. The places where vegetation is scarce
tend to have higher C values, so the places without a mature vegetation layer are potentially more
susceptible to soil erosion. In the present study, the C-factor was derived from the LULC datasets of
the CORINE Land Cover (CLC) system, and then the values were determined based on both previous
studies and observations/field studies for the years of 1990 and 2012 (Figure 3). However, the LULC
data for 2012 were revised according to the database presented by Panagos et al. [53], and then the
C-factor values were obtained for the year 2015.

2.2.5. Land Support Practice Factor (P-factor)

The support practice (P-factor) represents the effects of conservation practices corresponding to
the average annual erosion rate. P-factor values for the year 1990 were assigned 1 due to the lack of
conservation practices, as reported in various studies [54]; the p value of 2015 was estimated based on
the previous study [55] and field works (Figure 3). All input data of the model were fixed at a resolution
of 100 m by using the framework of the grid-based method in the ArcGIS software. Thus, a standard
data scale for input factors was established, and a map in the same scale with the European Union [30]
was obtained. Then erosion risk maps were generated for the years 1990 and 2015, separately. These
maps have been categorized based on a study by Panagos et al. [30] using a similar method of erosion
risk classification at the European continental scale. The results thus obtained were compared to the
rest of Europe.
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3. Results and Discussion

The dynamic parameters (rainfall erosivity, cover-management and conservation practices) have
been mapped on the basis of similar time frame in 1990 and 2015 since the changes in these input
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parameters are also capable of altering the rate of soil water erosion. However, the LS-factor and
K-factor are represented as a single map because of not being dynamic through years. As shown in
Figure 3, a higher magnitude of LS-factor was obtained at the north-western boundary of the catchment.
Higher differentiations in soil classes and widespread conservation practices have been observed
along the mainstream channel. The periods of 1950–1990 and 1991–2015 were merely used for R-factor
values, and the results represented an increase between 1990 and 2015 with the values of 186.8 and
194.5 MJ mm ha−1 h−1 year−1, respectively. The raised R-factor values potentially increased the risk of
soil erosion, rather than a decrease in the catchment. Therefore, the areas with the higher magnitude of
R-factors enlarged from 1990 to 2015. In the most recent time frame, more vulnerable R-factor values to
soil erosion risk spatially dominated at the middle and lower portions of the catchment. The C-factor
values spatiotemporally varied due to LULCC in the entire basin, such as the higher magnitude of
the values were widespread along the valley plains in 1990, and then inclined to spread around the
plains, mainly used for settlement and agricultural purposes, in the year 2015. Nevertheless, the values,
relatively higher in the plateau and mountainous areas, tended to decrease, resulting from the spatial
expansion in forests and semi-natural areas. In terms of wetlands and water, a reduction in the soil
erosion risk was expected since the cover management factor values for these LULC classes have
typically shown an increasing trend over the years.

The resulting maps illustrate positive growth on artificial surfaces, water bodies, forests; negative
growth in agricultural areas and wetlands (Table 1; Figure 4). An explosive population growth
and industrialization, construction of new dams, and afforestation practices led to an increase in
these three types of LULC classes. The construction of new dams in a different portion of the
basin and the establishment of new forest areas due to afforestation practices have brought to
the forefront spatial growth on forests and water bodies. The highest rate of change was seen
due to downsizing agricultural areas, while artificial surfaces were trended toward growth, which
indicated that approximately 353.62 km2 of the basin area has been changed from cultivated areas
to non-cultivated areas. Agricultural land settlements and fragmentation through inheritance also
triggered spatial downsizing in agricultural areas. Moreover, draining wetlands for the purposes of
urbanization and cultivation have contributed to reducing wetlands.

Table 1. The list of LULC classes according to CORINE Land Cover (CLC).

CORINE: 1st Level 1990 2015 Change C-Factor
ValuesLULC Classes Area (km2) Rate (%) Area (km2) Rate (%) Area (km2) Rate (%)

Artificial surfaces 1 1873.25 3.53 2093.62 3.95 +220.37 +0.42 0.001–0.01
Agricultural areas 2 29,792.03 56.21 29,438.41 55.54 −353.62 −0.67 0.1–0.2

Forested areas 3 20,831.26 39.30 20,893.09 39.42 +61.83 +0.12 0.001–0.003
Wetlands 4 128.37 0.24 106.59 0.20 −21.78 −0.04 0.00

Water bodies 5 375.10 0.71 468.30 0.88 +93.20 +0.18 0.00
1 Bakker et al., [56], Sigalos et al., [57], Ferreira et al., [58]; 2 Sigalos et al., [57], Ferreira et al., [58]; 3 Sigalos et al., [57],
Ferreira et al., [58], Bosco et al., [59]; 4 Sigalos et al., [57], Rulli et al., [60]; 5 Vijith et al., [61].

In order to obtain a higher accuracy for the C values, CORINE: 3rd level was taken into
consideration; however, CORINE: 1st level LULC classes were utilized while drawing resulting
maps in the purpose of more visual and understandable demonstration. Thus, the spatial changes of
C-factors were computed in more detail as a result of CORINE: 3rd level LULC classes; the erosion
risk maps more explicitly illustrated, as well. Hence, some negligible values were assigned to the
non-erosion-prone land surfaces consisting of artificial area, wetlands and water bodies. The other
reason assigning minimal C-factor values for non-erosion-prone areas was to optimize intercorrelation
for each LULC classes. The C-factors, especially in artificial surfaces, wetlands and water bodies, found
ineffective, but artificial surfaces had relatively low impacts on annual average soil loss.
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Figure 4. The map of LULC classes according to CORINE Land Cover (CLC).

The areas with extensive erosion are mainly located on steep slopes with a lack of protective
vegetation cover or an existing vegetation layer is not capable of preserving the topsoil from
scouring. Figure 5 represents severe soil erosion prone areas with varying land cover characteristics. A
meaningful variation in native vegetation, especially on steeper slope, contributes receiving the higher
variation of the soil loss in the studied region. As shown in the figure higher gradient slopes with
sparse vegetation potentially increase soil loss as runoff can flow down more sediment at the higher
energy level. The other regions with slightly higher vegetation density are supposedly less prone
to soil erosion because an existing vegetation layer is capable of preserving topsoil from scouring.
Furthermore, the pictures were taken from the various portion of the basin present variability in climate
and native vegetation, which can also be associated with the spatial distribution of R-factor values.
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In recent years, climate, especially precipitation, has shown a slight upward trend similar to
the world’s river basins [62]. Numerous studies have already addressed the probable impacts of
climate change to soil erosion [63–65]. The statistics demonstrate that the changes in precipitation
are limited, but a notable rise in the annual minimum/maximum, and total annual precipitation was
found during the period of 1991–2015 compared to 1950–1990 period. Furthermore, the statistics
for the period of 1991–2015 represents alike symmetrical distribution, while the annual precipitation
values in the period of 1950–1990 is more negatively skewed (Figure 6). As seen in the figure, the tail of
1950-1990 is longer on the left, which is related to deviations in the precipitation regime since rainfall
has more recently become characteristic of the form of heavy storm events [66–68]. The deviation
in the precipitation regime also reflects that the intensity of the erosion through recent catastrophic
rainfall has been increasing even more.
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Figure 6. Boxplots showing the variation of relative change in annual precipitation, compared with
historical the 1950–1990 and 1991–2015 periods in the Maritsa Basin.

The last dynamic erosion factor observed in the Maritsa Basin is conservation practices (P-factor).
It should be noted here that no conservation practices were applied prior to 1990; however, various
effective assessments of soil conservation measures had been performed by 2015 [50]. These measures
include identifying and implementing procedures to ensure public participation in solving the problem
of overgrazing, the proper usage of land, and practices aimed to reduce the erosion rate by establishing
an approach to existing plant cover, strip cropping, terracing, cultivating, and erosion-related
practices [69]. However, conservation practices have already been shown not adequate enough
using regularly and systematic ally throughout the basin [22].

As result of the RUSLE simulation, the annual gross soil loss rates were 0.585 and 0.589 t ha−1

year−1 in the year 1990 and 2015, respectively, for the entire basin (Table 2). The table also exhibits
the mean suspended sediment load values, obtained from the General Directorate of State Hydraulic
Works (DSI) at the downstream portion of the Maritsa Basin, Turkey, were 0.04 t ha−1 year−1 in 1990
and 0.03 t ha−1 year−1 in 2015 [70]. The main goal of suspended sediment load demonstration in the
figure is to make a comparison between the statistics obtained from RUSLE and observed sediment
load. The magnitude and percentage uncertainty of RUSLE can lead to a decrease in soil erosion on
account of being likely within the range of uncertainty. These uncertainties might have resulted from
data uncertainties (e.g., missing values, measurement errors, and coarse resolution imageries), model
uncertainties (e.g., algorithmic/numerical, parameter, structural uncertainty), and stochastic nature of
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soil erosion processes [71]. The main source of uncertainty in this study was possibly associated with
data uncertainties depending on coarse resolution imageries.

Table 2. The mean annual soil loss and suspended sediment load in 1990 and 2015.

Year The Mean Annual Rate of Soil
Loss (t ha−1 year−1)

The Suspended Sediment
Load (t ha−1 year−1)

1990 0.585 0.04
2015 0.589 0.03

Change +0.004 −0.010

During 1990 and 2015, the most extensive erosion rates were observed in agricultural, with
the soil loss rate of 1.35 and 1.23 t ha−1 year−1, respectively. Besides, a variation in the temporal
distribution of soil erosion was limited among each LULC classes. However, a notable change in
the rate of soil loss was observed not only in agricultural areas but also in artificial surfaces, which
can be interpreted as these two classes have more critical impacts on monitoring gross soil loss by
RUSLE method. Contrarily, the soil loss rate in wetlands and water bodies remain constant with the
values of 0.001 and 0.003 t ha−1 year−1, respectively (Table 3). The wetlands and water bodies are the
categories, less responsive to gross soil loss comparing to artificial surface, as the soil loss rate in these
two categories remain constant between 1990 and 2015, even if the rate of LULCC varied −0.04 and
+0.18, respectively (Table 1, Table 3). As mentioned earlier no significant change of rainfall regime was
observed over time; however, increase of artificial areas (e.g., roads, contractions) potentially generate
a higher amount of runoff mainly in densely populated areas. In addition, the amount of suspended
sediment load decreased during the second time period. The reason receiving a lower amount of
suspended sediment load might be new dam constructions since river’s total sediment load have been
captured along the reservoir bottom. Despite a decrease in the area of agricultural lands, lower soil
erosion rate received because of being a widespread usage of intensive agricultural techniques. Hereby,
the weighted average annual soil loss of 0.895 in 1990 and 0.828 in 2015 was computed from each
LULC classes shown in Table 3.

Table 3. The average annual soil loss for each LULC classes and weighted averages in 1990 and 2015.

CORINE: 1st Level LULC
Class

1990 2015

Area (km2)
Soil Loss

(t ha−1 year−1) Area (km2)
Soil Loss

(t ha−1 year−1)

1. Artificial surfaces 1873.25 0.85 2093.62 0.88
2. Agricultural areas 29,792.02 1.35 29,438.40 1.23

3. Forests and semi natural areas 20,831.26 0.27 20,893.09 0.28
4. Wetlands 128.37 0.001 106.59 0.001

5. Water bodies 375.10 0.003 468.30 0.003
Weighted Averages 53.000 0.895 53.000 0.828

The minimum and maximum of the annual average erosion rate was 0–912 and 0–960 t ha−1

year−1 in 1990 and in 2015, respectively. The criteria, followed to establish the soil loss limit for each
class, were also determined based on the study conducted by Panagos et al. [55]. Thus, the results of
this study can be compared to the rest of Europe. A slight decreasing trend was observed in the low,
moderate, very high, and extremely high erosion risk classes, ranging from −0.01% to −0.11%. In
contrast, the change rates of negligible, very low, and high erosion risk classes increased by +0.14%,
+0.02%, and +0.03%, respectively (Table 4; Figure 7). A downward trend in the erosion risk classes,
considered as the very high and extreme category, potentially reduced the rate of extensive erosion in
recent times.
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In previous decades, the main factors controlling the natural environment have been
anthropogenic activities in the Maritsa Basin [72]. As a result, similar effects have also been seen on
erosion dynamics in the basin, and some controlling factors have been changed under the control
of anthropogenic activities. The variation of soil erosion may also have had a positive effect on the
sustainable conservation and utilization balance of topsoil. In addition, the mean annual rate of soil
loss was found substantially lower than the average values of Europe (2.46 t ha−1 year−1), including
Bulgaria (2.05 t ha−1 year−1), Greece (4.13 t ha−1 year−1) [55], and Turkey (6.14 t ha−1 year−1) [73].
This should be due to the fact that the factors affecting erosion (natural factors, use of land and
planning factors, and socio-economic factors) and dynamic factors are taken into account during the
implementation phase of the method vary within the basin, as well. Similar results have been found in
previous studies [74,75].

Table 4. Spatial distribution of soil loss, erosion risk classes and the erosion rates in 1990 and 2015.

Erosion Risk
Classes

Soil Loss
(t ha−1 year−1)

1990 2015 Changes

Area
(km2) Rate (%) Area

(km2) Rate (%) Area
(km2) Rate (%)

Negligible 0–1 39,140.21 73.85 39,215.0 73.99 +74.79 +0.14
Very low 1.01–2 5850.31 11.04 5863.51 11.05 +13.20 +0.02

Low 2.01–5 5442.84 10.27 5383.17 10.16 −59.67 −0.11
Moderate 5.01–10 1562.94 2.95 1529.54 2.89 −33.40 −0.06

High 10.01–20 688.70 1.30 702.96 1.33 +14.26 +0.03
Very high 20.01–50 271.71 0.51 267.71 0.51 −4.00 −0.01

Extremely high ≥50.01 43.29 0.08 38.11 0.07 −5.18 −0.01
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4. Conclusions

This study assesses the impact of LULC on soil erosion by applying the RUSLE in the Maritsa
Basin. The map of LULC illustrates positive growth on artificial surfaces, water bodies, and forests,
which has resulted in an explosive population growth and industrialization, the construction of new
dams, and afforestation practices. A negative growth has also been observed in agricultural areas
and wetlands due to agricultural land settlements, fragmentation through inheritance and draining
wetlands for the purposes of urbanization and cultivation. In addition, a change in rainfall regime
is was limited depending on more frequent cyclic variations in precipitation during the second time
period. In all regions, conservation practices have been used more extensively in 2015 even in some
humid regions. The results indicate that the annual average erosion rate reduced from 0.895 to
0.828 t ha−1 year−1 in 1990 and in 2015, respectively. The most extensive erosion rates were observed in
both agricultural and artificial areas, with the soil loss rate of 1.23 and 0.88 t ha−1 year−1, respectively.
During 1990 and 2015, notable changes in the rate of soil loss were observed in agricultural areas, which
could be interpreted as the cultivated lands have more critical impacts on the results of the RUSLE
method. Monitoring erosion risk zones for an extensive heterogeneous area during different time
frames enhances understand to the dynamics of soil erosion and allows for an acceptable prediction
and forecasting. In future studies, the erosion models can also be practiced in accordance with the
climate change scenarios, especially for an efficient erosion management practice.
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etkileri. Anadolu Tarım Bilim. Derg. 2016, 31, 117–126. [CrossRef]

23. Martinez-Casasnovas, J.A.; Anto’n-Ferna’ndez, C.; Ramos, M.C. Sediment production in large gullies of the
Mediterranean area (NE Spain) from high-resolution digital elevation models and geographical information
systems analysis. Earth Surf. Process. Landf. 2003, 28, 443–456. [CrossRef]

24. Zhang, X.C.; Nearing, M.A. Impact of climate change on soil erosion, runoff, and wheat productivity in
central Oklohoma. Catena 2005, 61, 185–195. [CrossRef]

25. Boardman, J.B. Damage to property by runoff from agricultural land, South Downs, southern England
1976–1993. Geogr. J. 1995, 161, 177–191. [CrossRef]

26. Williams, J.; Nearing, M.A.; Nicks, A.; Skidmore, E.; Valentine, C.; King, K.; Savabi, R. Using soil erosion
models for global change studies. J. Soil Water Conserv. 1996, 51, 381–385.

27. Van-Oost, K.; Grovers, G.; Desmet, P.J.J. Evaluating the effects of changes in landscape structure on soil
erosion by water and tillage. Landsc. Ecol. 2000, 15, 579–591. [CrossRef]

28. Nearing, M.A. Potential changes in rainfall erosivity in the U.S. with climate change during the 21st century.
J. Soil Water Conserv. 2001, 56, 229–232.

29. Poesem, J.; Nachtergaele, J.; Verstraeten, G.; Valentin, C. Gully erosion and environmental change:
Impartoance and research needs. Catena 2003, 50, 91–133. [CrossRef]

30. Panagos, P.; Borrelli, P.; Poesen, J.; Ballabio, C.; Lugato, E.; Meusburger, K.; Montanarella, L.; Alewell, C. The
new assessment of soil loss by water erosion in Europe. Environ. Sci. Policy 2015, 54, 438–447. [CrossRef]

31. Rousseva, S. Factors and rates of soil erosion in the Balkan Peninsula. In Proceedings of the International
Conference “Ecology—Interdisciplinary Science and Practice”, Sofia, Bulgaria, 25–26 October 2012; pp. 43–47.

32. Milevski, I.; Ivanova, E. Erosion potential modeling of the territory of municipalities Pehchevo and Simitli
using Remote Sensing data. In Proceedings of the Safety SES-2013 from the Conference Space, Ecology, Sofia,
Bulgaria, 20–22 November 2013.

33. Blinkov, I. The Balkans: The most erosive part of Europe? Glas. Sumar. Fak. 2015, 111, 9–20. [CrossRef]

http://dx.doi.org/10.1007/s11783-011-0348-9
http://dx.doi.org/10.1007/s12665-017-6626-5
http://dx.doi.org/10.5194/hessd-3-135-2006
http://dx.doi.org/10.1016/j.scitotenv.2016.10.176
http://www.ncbi.nlm.nih.gov/pubmed/27887837
http://dx.doi.org/10.5194/hess-21-235-2017
http://dx.doi.org/10.1002/ldr.2276
http://dx.doi.org/10.1002/ldr.2533
http://dx.doi.org/10.7161/anajas.2016.31.1.117-126
http://dx.doi.org/10.1002/esp.451
http://dx.doi.org/10.1016/j.catena.2005.03.009
http://dx.doi.org/10.2307/3059974
http://dx.doi.org/10.1023/A:1008198215674
http://dx.doi.org/10.1016/S0341-8162(02)00143-1
http://dx.doi.org/10.1016/j.envsci.2015.08.012
http://dx.doi.org/10.2298/GSF1511009B


Water 2018, 10, 335 14 of 15

34. Rousseva, S.; Malinov, I.; Stefanova, V. Soil erosion risk assessments using GIS technologies—Bulgarian
experience. Bulg. J. Agric. Sci. 2016, 22, 205–208.

35. Ziyan, Y.; Lijuan, Z.; Shihao, T.; Xiaxiang, L.; Tiantian, H. The basic characteristics and spatial pattern of
global cultivated land change since the 1980s. J. Geogr. Sci. 2017, 27, 771–785. [CrossRef]
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75. Özşahin, E.; Atasoy, A. Soil erosion estimation in Lower Asi River catchment using GIS. Procedia Soc.
Behav. Sci. 2013, 120, 730–739. [CrossRef]

© 2018 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1080/09640568.2015.1066667
http://dx.doi.org/10.5194/nhess-15-225-2015
http://dx.doi.org/10.5194/hess-17-2323-2013
http://dx.doi.org/10.1080/10106049.2016.1273398
http://dx.doi.org/10.1016/j.atmosenv.2016.06.054
http://dx.doi.org/10.1016/j.catena.2005.03.003
http://dx.doi.org/10.1016/j.catena.2014.01.007
http://dx.doi.org/10.1016/j.scitotenv.2015.08.132
http://www.ncbi.nlm.nih.gov/pubmed/26379259
http://dx.doi.org/10.1051/agro/2008068
http://dx.doi.org/10.1111/j.1600-0870.2010.00466.x
http://dx.doi.org/10.5194/hess-2017-383
http://dx.doi.org/10.15244/pjoes/58780
http://dx.doi.org/10.1016/j.jhydrol.2006.12.009
http://dx.doi.org/10.5053/ekoloji.2012.843
http://dx.doi.org/10.1016/j.sbspro.2014.02.156
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Study Area 
	Methodology 
	Rainfall Erosivity Factor (R-Factor) 
	Soil Erodibility Factor (K-Factor) 
	Slope Length and Steepness Factor (LS-Factor) 
	Cover Management Factor (C-factor) 
	Land Support Practice Factor (P-factor) 


	Results and Discussion 
	Conclusions 
	References

