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A B S T R A C T  

Soil erosion by water jeopardizes land use/cover changes (LULCC) for anthropogenic reasons. It results in enormous 

and irreversible damage if no action is taken. The Balkan Peninsula has experienced considerable LULCC in recent 

years; however, the influence of such changes on soil erosion has not been adequately explored. This study sought 

to explore the influence of LULCC in Bulgaria on soil erosion. Annual soil loss quantity was estimated, and the 

erosion risk classes were defined using the RUSLE (3D) method based on Geographical Information Systems (GIS). 

The results of this study indicated that annual soil loss in Bulgaria has been decreasing recently due to various 

support practices (P-factor) rather than LULCC. However, the recent increase in severe erosion risk class indicates 

that measures against soil erosion are critical for land degradation.
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Introduction 

Land use/land cover changes (LULCC) have become more 

complicated and multidimensional (Latocha et al 2016) in 

recent years. This situation has given rise to special LULCC 

contrary to nature, resulting in a large number of changes in 

the global climate system and the biosphere (Riebsame et al., 

1994). These changes primarily include soil erosion by water, 

which is considered the most important geoenvironmental 

hazard (Kavian et al., 2017). This phenomenon responds very 

rapidly to LULCC and has caused serious damage throughout 

the World (Conforti and Buttafuoco, 2017). 

Soil erosion is a widespread problem, particularly in various 

parts of the Balkan Peninsula (Rousseva, 2012; Milevski and 

Ivanova, 2013; Blinkov, 2015; Özşahin et al., 2018). However, 

the effect of LULCC on soil erosion in this region is not well 
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known (Hengl et al., 2007). Bulgaria is one of the critical 

countries in the Balkan Peninsula suffering major LULCC 

(Rousseva, 2002a; 2002b; Rousseva and Stefanova, 2006; 

Rousseva et al., 2003; 2006a; 2006b; 2010; 2016). Indeed, the 

Bulgarian land has been threatened by uncontrolled LULCC 

over the last few decades (Rousseva and Stefanova, 2006; 

Rousseva et al., 2006a; Kercheva and Krasteva, 2007). Since 

the early 1990s, many agricultural land in the country has been 

abandoned due to soil erosion (Shishkov and Kolev, 2014). 

This study aims to determine the effect of LULCC in 

Bulgaria on soil erosion. The study used the Revised Universal 

Soil Loss Equation-3D (RUSLE-3D) model based on Geographic 

Information Systems (GIS). This model has been widely used in 

similar studies (Ganasri and Ramesh, 2016; Conforti and 

Buttafuoco, 2017) and provides quantitative data addressing 

the effect of LULCC on soil erosion in more concrete terms. 
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Thus, it can be used to help determine the way and extent to 

which LULCC affect soil erosion. 

 

Materials and Methods 

 

Study Area 

The study area covers Bulgaria, which is one of the 

strategic countries in the Balkan Peninsula (Figure 1). It is 

located at latitude 40°01'29'' – 42°07'04'' north of the Equator 

and longitude 26°02'02'' – 29°08'23'' east of Greenwich. 

The geology of the study area is composed of rocks of 

different ages and species dating from the Precambrian era. 

The main stages of the development of this land took place 

over approximately 3.5 billion years and include the Pre-

Neogene, Neogene, and Quaternary eras (Shishkov and Kolev, 

2014). 

The average altitude is 470 m, and much of the land 

consists of mountains and hills. Approximately 66% of the land 

has a slope of more than 3 degrees. The land dominated by a 

high and sloping topography is composed of several large 

physiological units that run in parallel lines and have deep 

geological features (Anonymous, 1982). 

The climate of the study area is temperate continental with 

a transition towards a subtropical climate in its Mediterranean 

version (in the southern parts of the country). According to the 

meteorological data, the mean annual temperature is 12.13°C 

and the mean annual precipitation is 648 mm (Anonymous, 

2016). 

Various soil types occur in the Bulgarian land due to the 

effects of relief, parent rocks, bio-climatic conditions, and 

other factors. The most widely spread soil groups include 

Luvisol, Chernozems, Cambisol, Pseudopodsolic soils, 

Fluvisols, and Vertisols. The rough terrain and high slope values 

of the study area generally cause erosion hazards depending 

on other suitable natural conditions (Shishkov and Kolev, 

2014). Indeed, soil erosion is the greatest threat to soil 

resources in Bulgaria (Rousseva and Stefanova, 2006) due to 

natural environmental conditions as well as land use and 

management that accelerate soil erosion processes (Rousseva, 

2012). In addition, land use in Bulgaria has been affected by 

water erosion at a rate of 65% and wind erosion at a rate of 

24% (Rousseva et al., 2006a; Rousseva et al., 2010). 

Accelerated soil erosion by anthropogenic activity in 

Bulgaria dates back to the 1950s and has caused severe damage 

to the national economy over time, becoming a crucial issue 

on the national agenda in the early 1970s (Blinkov et al., 2013). 

Since the early 1990s, considerable activities have been 

carried out to control soil erosion that threatened agricultural 

areas (Rousseva et al., 2006b; Shishkov and Kolev, 2014). 

Hence, studies on soil erosion, which have been conducted 

regularly since 1956, have been conducted more 

systematically in the last few decades (Rousseva et al., 2006a). 

To this end, important steps have been taken to decrease soil 

erosion. For example, studies to estimate soil erosion have 

been conducted based on erosion models supported by GIS 

techniques (Rousseva et al., 2010).

 

 

  Figure 1. Location map of the study area 

Method 

This study uses the RUSLE model based on GIS technologies. 

It applies the RUSLE-3D equation (1) proposed by Renard et al. 

(1997).  

 A = R x K x LS x C x P                           (1) 

where (Equation 1) A = annual mean soil loss (t haˉ¹ per year), 

R = rainfall erosivity factor (MJ haˉ¹ per year), K = soil 

erodibility factor (t ha h MJˉ¹ mmˉ¹), C = cover-management 

factor (dimensionless), LS = slope length and slope steepness 

factor (dimensionless), and P = support practices factor 

(dimensionless). 

The input factors of the research method were obtained 

from various sources. The R-factor (Rousseva and Stefanova, 

2006; Panagos et al., 2015a; Ballabio et al., 2017), K-factor 

(Rousseva and Stefanova, 2006; Panagos et al., 2014), and P-

factor (Panagos et al., 2015b) were retrieved from the studies 

involving high resolution (100 m). The LS-factor (Panagos et 

al., 2015c) was calculated through a comparison of the recent 
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Digital Elevation Model (DEM) obtained by the Shuttle Radar 

Topography Mission (SRTM) and the data from the present 

research. The C-factor was based on the data sets retrieved 

from the CORINE Land Cover (CLC) system for the 1990 and 

2012 LULCC. Meanwhile, land use land cover change (LULCC) 

data for 2012 were updated in accordance with the data 

reported by Panagos et al. (2015d) to obtain the C-factor data 

for 2015. All these factors were mapped on a 1:100.000 scale 

in line with all the data used in the study.  

The RUSLE-3D model that forms the basis of the study 

involves fixed and controllable variables to predict soil 

erosion. The fixed variables include soil erodibility (K-factor) 

and slope length and slope steepness (LS-factor), and the 

controllable variables include rainfall erosivity (R-factor), 

cover-management (C-factor), and support practices (P-

factor) (Renard et al., 1997). 

This study applied the RUSLE-3D equation by combining the 

cover-management factor (C-factor) maps generated in 

different years (1990-2015) based on the LULCC provided that 

all other factors (R-, K-, LS-, and P-factors) remain constant 

(Figure 2). Thus, it sought to analyze the effect of LULCC on 

soil erosion in different years. 

Following the application of the model, two different 

erosion maps with a resolution of 100 x 100 m were generated 

for 1990 and 2015. These maps were categorized using erosion 

risk classes (low, slight, medium, severe, and very severe), 

which have commonly been used in similar studies (Özşahin 

and Uygur, 2014; Panagos et al., 2015e). Afterwards, the areas 

falling under these classes as well as their distribution were 

interpreted from a geographical perspective. In addition, total 

annual soil loss quantities for the relevant years were 

obtained, and the data were compared. The reasons 

underlying the changes over time were analyzed and reviewed 

to consider their possible future influences. 

 

Results and Discussion 

 

LULCC 

The phenomenon of erosion is considered to be the main 

soil degradation process in Bulgaria. It was even accepted as a 

national issue with primary importance due to its serious harms 

to national economy in the early 1970s. Since 1990, attempts 

have been made to reduce it by taking various measures [e.g., 

studies on rational land management, development of soil 

protection policies, and formation of permanent crop pattern]. 

Accordingly, understanding the current status of the 

phenomenon of erosion in Bulgaria requires the investigation 

of the change in the impact of this phenomenon in the period 

from 1990 to 2015 (Rousseva et al., 2006b).

 

 

Figure 1. Factor maps of the RUSLE-3D method.
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The C-factor reflects the effects of plant cover, crop 

breeding, and management practices on erosion and is 

basically determined by today’s rapid LULCC stemming from 

anthropogenic causes (Riebsame et al., 1994). Such 

uncontrolled changes that intensify soil erosion are lessened 

by various efforts, including the conservation and 

rehabilitation of natural vegetation and afforestation. 

However, such efforts are still quite inadequate in many 

countries of the world (Walling, 2009). Thus, it is more 

important today to make efforts that focus on meaningful 

changes in the C-factor depending on LULCC in order to 

determine the ultimate temporal and areal effects of erosion. 

Such efforts primarily involve observing the effect of LULCC on 

erosion. The C-factor—one of the main parameters predicting 

soil erosion—has shown a difference as a result of the small but 

statistically significant LULCC in the study area over the last 

25 years (1990-2015) (see Figure 2; Table 1). Table 1 shows the 

major changes leading to these differences. 

 

Table 1. Rate (%) of areal distribution of LULC class in Bulgaria 

LULC classes 
(1st level) 

Area (%) 

1990 2015 Change 

Artificial surfaces 4.863 4.765 -0.098 

Agricultural areas 51.505 51.571 0.066 

Forests and semi natural areas 42.691 42.663 -0.028 

Weetlands 0.101 0.100 -0.001 

Water bodies 0.841 0.901 0.060 

 

The main change in the LULCC classes occurred in the 

artificial surfaces. In the study area, although the artificial 

surfaces occupied 4.86% in 1990, the rate declined to 4.76% in 

2015 (Table 1). This spatial shrinkage acceleration appearing 

on artificial surfaces may have derived from the developments 

on mineral extraction sites rather than the changes taking 

place in settlement or infrastructure areas. As a matter of 

fact, mineral extraction sites are the main driver of artificial 

development in Bulgaria, which is one of the countries where 

urban sprawl is the slowest in Europe (Anonymous, 2018). 

Accordingly, extension of mineral extraction sites is the main 

factor causing changes on artificial surfaces. The result is an 

expansion in the agricultural areas and water bodies, 

compared to an areal contraction in the forests, semi-natural 

areas, and wetlands (Table 1). The expansion of the 

agricultural areas stems from the transformation of forests, 

semi-natural areas, and wetlands into agricultural land. The 

areal expansion of the water bodies results from the dams built 

on rivers. Similar changes have been reported in various parts 

of the Balkan Peninsula (Jelecek et al., 2007; Panagos et al., 

2015b). 

LULCC in the study area suggest that the C-factor is the 

most important controllable variable affecting soil erosion. 

Thus, uncontrolled LULCC in the study area are most likely to 

pose a threat of degradation, especially to the agricultural 

land, in the near future. Rousseva (2006) argued that, since 

the 1990s, the area covering the abandoned lands has been 

increasing to a considerable extent due to the decrease in the 

agriculturally convenient lands, which contributes to the 

severity of erosion. Shishkov and Kolev (2014) reported a 

considerable decrease in annual soil loss due to agriculturally 

convenient lands being replaced by abandoned lands. Özşahin 

(2016) also reported a threat of degradation to the agricultural 

land due to the uncontrolled LULCC in the Ergene River basin 

in the southern part of the study area in the Thracian 

Peninsula. In this sense, if the actual LULCC continues, it will 

be possible to foresee a negative change in soil erosion in the 

near future. 

 

Soil Erosion by Water 

The C-factor composing the RUSLE-3D model showed a 

difference between 1990 and 2015. The areal and proportional 

distribution of erosion risk for these years was calculated 

based on the analysis of other factors that affect soil erosion 

by water (Table 1; Figure 3).

 

Table 2. Areal and proportional distribution of erosion risk classes 

Erosion Risk Class Soil Loss Class (t haˉ¹ per year) 
1990 2015 

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

Low < - 0.5 87802 78.67 87805 78.68 

Slight 0.5 - 1 5840 5.23 5870 5.26 

Moderate 1.01 – 2 5447 4.88 5462 4.89 

High 2.01 - 5 5678 5.09 5687 5.10 

Severe 5.01 - > 6834 6.12 6777 6.07 

TOTAL 111602 100 111602 100 

Accordingly, the erosion risk in Bulgaria differed during the 

time period studied and has recently tended to decline (-

0.051%). However, this downward trend in severe erosion risk 

has been compensated by the upward trends of almost equal 

rates (+0.050%) seen in other erosion risk classes (Table 2). The 

statistical analysis of the variation of the erosion risk classes 

proved the significance of the results (Table 3). In the study 

area, all these changes observed in the erosion risk classes 

seem to have resulted from anthropogenic LULCC. In fact, 

Rousseva et al. (2006a) explained that current land 

management in Bulgaria increases erosion risk rather than 

natural conditions.
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 Figure 3. The classified erosion risk distriution map for 1990 and 2015 

 

Table 3. Comparative zonal statistical analysis results of erosion risk classes in the study area 

Erosion Risk Class t df Sig. (2-tailed) Mean Difference Range Sum Mean Std. Deviation 

Low 15735.000 1 0.000 78.67500 0.01 157.35 78.6750 0.00707 

Slight 349.667 1 0.002 5.24500 0.03 10.49 5.2450 0.02121 

Moderate 977.000 1 0.001 4.88500 0.01 9.77 4.8850 0.00707 

High 1019.000 1 0.001 5.09500 0.01 10.19 5.0950 0.00707 

Severe 243.800 1 0.003 6.09500 0.05 12.19 6.0950 0.03536 

 

The areal distribution of the erosion risk classes in Bulgaria 

also varied between years, and the soil loss mostly occurred on 

the slopes of mountainous terrain with high slope values. Very 

severe erosion has been observed particularly along the slopes 

of Balkan Mountains and Rhodope Mountains (Figure 3). The LS-

factor, which reflects the effect of both the LULCC including 

the C-factor and the topography, was prominent as the 

determining factor in the increase of soil loss due to its high 

sensitivity to erosion.  

The mean soil loss due to spatiotemporal variations of 

erosion risk in Bulgaria is also an important indicator of the 

dimension of soil erosion. Accordingly, the highest soil loss was 

observed in 1990 with 2.20 t haˉ¹ per year. Afterwards, this 

rate showed a considerable decrease and, in 2015, was just 

2.13 t haˉ¹ per year. In particular, the status of the mean soil 

loss in the area corresponds to the results from similar studies 

conducted within Europe (Panagos et al., 2015e) and the 

Balkan Peninsula (Blinkov, 2015). 

The relationship between LULCC classes and the mean 

annual rate of soil loss (t haˉ¹ yˉ¹) was also explored as it 
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would reveal the effect of LULCC in Bulgarian territory on 

erosion. The LULCC with the biggest decrease in the mean 

annual soil loss was found to be cultivated areas (Table 4; 

Figure 4). As a matter of fact, the mean annual soil loss, which 

was 3.42 in 1990, fell to 3.40 in 2015 in these areas. This fall 

in soil loss in cultivated areas may be a product of the policies 

developed for the protection of cultivated areas after 1990. 

Indeed, Rousseva et al. (2006b) argue that since 1990, the 

regulations made in Bulgaria as a result of the radical changes 

in the political system have been an important factor 

influential on decreased soil loss in cultivated areas. Over the 

same period, similar rates of change took place in artificial 

surfaces and forests and semi natural areas in positive and 

negative directions, respectively. Moreover, the mean average 

soil loss declined in water bodies, but did not change in 

wetlands (Table 4; Figure 4). 

 

Table 4. Change in mean annual soil loss according to LULCC 

classes 

LUC classes (1st level) 
Soil Loss Class (t haˉ¹ per year) 

1990 2015 Change 

Artificial surfaces 0.83 0.84 +0.01 

Agricultural areas 3.42 3.30 -0.12 

Forests and semi natural 
areas 

1.12 1.11 -0.01 

Weetlands 0.0001 0.0001 +0.0000 

Water bodies 0.003 0.001 -0.002 

 

Conclusion 

The present study has found that the erosion risk and mean 

soil loss in Bulgaria differed between years. The severity of soil 

erosion and mean soil loss have recently tended to decline as 

a result of these changes. However, the downward trend seen 

only in the severe erosion risk was neutralized by the upward 

trend of almost equal rates (+0.050%) in other erosion risk 

classes. All these variations and areal differentiations in soil 

erosion in Bulgaria have been affected primarily by the LULCC 

shaped under the control of anthropogenic activities, thereby 

determining the C-factor in the RUSLE-3D model. Garcia-Ruiz 

et al. (2013) suggest that similar conditions reflecting soil 

erosion trends have basically stemmed from human activities. 

The results of the present study concur with those of the 

research reanalyzing the soil erosion and soil loss in Europe 

using a similar method. Panagos et al. (2015b; 2015d) highlight 

that the main cause of the recent decrease in the mean annual 

soil loss in the European continent is the support practices (P-

factor) that consequently improve the C-factor. In addition, 

the changes taking place in Bulgaria due to socio-economic 

reasons (e.g., not being used in land capability classification 

based on ecological features, impacts of incorrect stubble 

tillage practices, failed crop rotation, deforestation, 

conversion from cultivated land into forestlands, heavy 

grazing, insufficient soil and water conservation measures) are 

also in line with other regions of the Balkan Peninsula (Milevski 

and Ivanova, 2013; Blinkov, 2015; Özşahin, 2016). 

This study revealed that anthropogenic activities are the 

most important direct or indirect indicators of erosion 

phenomena. Furthermore, the main contributor to soil erosion 

is LULCC under human control. Nevertheless, anthropogenic 

measures that enhance the effect of support practices (P-

factor), thereby improving the C-factor, can reduce the 

influence of the erosion phenomenon. Finally, this paper 

demonstrated that the GIS-based RUSLE-3D method is very 

suitable for showing erosion risk and soil loss in terms of 

spatiotemporal variations. 
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