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Abstract

:

The aim of this research is to determine the change in the spatial distribution of erosion intensity in the territory of the Jablanica River Basin in the period 1971–2016 caused by land use and demographic changes. The Erosion Potential Method (EPM) was used to quantify changes in erosion intensity and to estimate the total annual sediment yield. The research results show that the value of the erosion coefficient decreased from 0.432 in 1971 to 0.360 in 2016. Specific annual gross erosion in the Jablanica River Basin was 654.41 m3/km2/year in 1971, while in 2016 it was 472.03 m3/km2/year. The analysis of proportional changes was used to determine demographic changes and land use patterns in the basin area. In terms of the scale and intensity of the erosion process, three types and one sub-type of population dynamics of settlements and land use changes were distinguished, respectively: progressive, stagnant, regressive and dominant regressive. It was concluded that the results show the significance of demographic and land use changes in the control of the intensity of erosion. The Soil Erosion Map may be useful to planners and land use managers to take appropriate decisions for soil conservation in the basin.
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1. Introduction


Soil erosion is geographically determined as a result of the interaction between natural processes and anthropogenic influences. It is a complex process controlled by numerous factors, such as topography, climate, soil characteristics, forest cover and human activities [1,2,3,4,5,6,7,8,9].



Soil erosion is a natural process, but the natural erosion rate has significantly increased in the last few decades as a consequence of human activity and become a serious environmental problem [10,11,12,13]. This process is one of the most significant forms of land degradation that is particularly affected by human activity [14,15,16]. On the other hand, in recent decades, especially at higher altitudes, there has been a trend of decreasing erosion intensity as a result of the process of deagrarization, depopulation and change of land use [17,18,19,20].



The agricultural aspect of soil erosion is well known since the problems of yield production and transport are present in almost all branches of water management. The inappropriate use of soil affects the development of erosion processes, resulting in degradation and the reduction of the infiltration–retention capacity of the soil. This creates conditions for the frequent occurrence of torrential floods and the deposition of bed load in downstream sectors [21]. Much research at the regional [11,22,23,24] and global scale [14,17,25,26,27] have reported that soil erosion is significantly related to land use changes.



Since the creation of the Erosion Map of the Republic of Serbia (1966–1971), demographic and socio-economic changes have caused changes in the intensity of mechanical water erosion as well. The state of erosion during the development of the Erosion Map represented its maximum intensity, which today serves to clearly define the erosion potential. The change in land use also caused a change in the intensity of erosive processes, and in this way, man unconsciously and indirectly caused the reduction of land loss and changes in its spatial distribution.



Different categories of soil erosion are present in about 65% of the territory of Serbia [28]. Environmental degradation creates economic and social problems within local communities, often accompanied by depopulation [21].



The Jablanica River is the tributary of the Južna Morava River, which stands out as a basin with the most intensive erosion processes in the Republic of Serbia [29]. A large number of studies on soil erosion in many parts of the Republic of Serbia were conducted in the past [30,31,32] but just a few of them attempted to correlate soil erosion with demographic and land use changes [24,33,34]. The studies used most common empirical method of Gavrilović [11,12,18,19,24,34,35,36]. Considering the erosion rate as one of the major consequences of land degradation in the Jablanica River Basin, this study aims to assess the changes in soil erosion and the spatial distribution of soil erosion categories for the period 1971–2016.




2. Materials and Methods


2.1. Study Area


The Jablanica River Basin covers the territory of Southern Serbia, with an area of 909.74 km2 and a total stream length of 102.6 km (Figure 1). The elevation ranges from 202 m to 1408 m above sea level. The average altitude of the basin is 590 m. Up to an altitude of 500 m, 35.63% of the basin area is located, 61.6% between 500–1000 m and 2.77% of the basin area is above 1000 m.



The largest part of the basin, 59.9%, is made of crystalline shales and granitoids from Proterozoic. The Tertiary formations in the basin belong to the Upper Oligocene sediments, andesites and their pyroclastites and Neogene deposits—27.2%. Neogene sediments are widespread in the Leskovac Structural Basin and are represented in about 12.9% of the basin area. The basin is located in an area under the influence of a moderate continental climate. The average annual air temperature in the basin is 9.2 °C. The average annual precipitation in the basin is 778 mm.



There are 94 rural settlements in the basin area. In the period 1961–2011, the population decreased from 58,461 to 30,983 inhabitants. An intense population decline has been occurred in settlements located in mountainous peripheral areas away from major roads and city centers. The settlements that registered an increase in population are concentrated along the Jablanica River and its confluence into the Južna Morava, where a large area of arable land is located. The demographic fragmentation and emptying of rural settlements has resulted in an aging population, the emergence of elderly households and a decrease in the working age agricultural population, which in time has led to a decrease in the intensity of erosive processes in the basin area.




2.2. The Erosion Potential Method (EPM)


In this research, we used the Erosion Potential Method of Gavrilović [37]. It is the most widely accepted and applied empirical method in Serbia, the countries of former Yugoslavia and some European and other countries [18,32,35,38,39,40]. By showing an acceptable accuracy, the EPM method allows for the identification of the areas which are the most susceptible to erosion and degradation processes, with the analysis of the effects of natural factors and anthropogenic activities. Numerous studies across Europe and the world have confirmed the scientific verification of the EPM method and its modifications [36,37,38,39,40,41].



The analytic equation for the calculation of the average gross erosion:


   W  y e a r   = T ×  H  y e a r   × π ×    Z   3  × F  



(1)




where Wyear is the total annual erosion (m3/year/km2), T is the temperature coefficient, Hyear is the average yearly precipitation (mm), F is the basin area (km2) and Z is the erosion coefficient.



The temperature coefficient (T) is calculated from the following equation:


  T =    t  10     + 0.1  



(2)







The soil erosion coefficient (Z) can be estimated using the corresponding tables, or can be calculated from the equation:


  Z = Y × X ×  (  φ +  I   )   



(3)




where X is the soil protection coefficient, Y is the coefficient of soil resistance, φ is the erosion and stream network development coefficient and I is the average slope of the watershed (%). The values of the coefficients X, Y and φ are presented in Table 1. Erosion intensities are categorized as excessive, strong, medium, weak, very weak or accumulation. The 1971 Erosion Map was used to quantify the change in erosion intensity in the Jablanica River Basin [42].



In order to use the presented methodology in a GIS environment, the geological, pedological, terrain slope, temperature and land use maps were digitized. Geographic Information System (GIS) was applied to generate the Soil Erosion Intensity Map. Data and model implementation, digitalisation and mapping were done in QG is 3.6. To quantify the change in erosion intensity, the 1971 Erosion Map for the Jablanica River Basin was digitized and compared with the 2016 Erosion Map. Based on the changes in erosion categories on the maps from these two periods, changes in the basin area were determined.




2.3. The Analysis of Proportional Changes


Determining the different types of change in the population dynamics/arable land surface can be made based on the following equations [32,43]:


ACj = Ej1 − Ej0



(4)






Nj = Ej0 × (T1/T0) − Ej0



(5)






Rj = Ej1 − Ej0 × (T1/T0)



(6)




where ACj represent spatial changes; Ej1 population/arable land surface in rural settlements in 2011; Ej0 population/arable land in rural settlements in 1961; Nj regional development component; T1 total rural population/arable land surfaces in 2011; T0 total rural population/arable land surfaces in 1961; Rj net of relative component. The typological classification was made based on a net relative change, the difference between the number of inhabitants/arable land areas in each settlement in 2011 and the hypothetical number of inhabitants/areas under arable land that the settlement would have if the population/arable land in 1961 was proportionally changed in the total population/total area under arable land in the rural settlements.



Based on the results of this analysis, three types of population dynamics and land use changes are distinguished: a progressive type with favorable demographic potentials, huge land use transformation and intensive processes of soil erosion; a stagnant type characterized by moderate population changes with a slight tendency toward population decline, as well as large areas under arable land that have been declining in the recent period; a regressive type with depopulation and deagrarization, which have had a significant decreasing effect on soil erosion. Settlements are the basic territorial level in this research. The impact of the demographic factor on the basin area was determined using the corresponding Statistical Yearbooks of the Statistical Office of the Republic of Serbia for the census years 1961, 1971, 1981, 1991, 2002 and 2011. Changes in the manner of land use in rural settlements in the basin area were determined by comparative analysis using the book Census of Agriculture for 1960 and 2011 [44]. The statistics are related to the number of inhabitants, the number of households, the population age and the share of the agricultural population in the total population.





3. Results


Changes in Erosion Intensity in the Period 1971–2016


The spatial and temporal distribution of the erosion coefficient Z indicates that erosion intensity decreased in the investigated period (Table 2).



The erosion coefficient of 1971 was 0.432, with a specific sediment load production of 654.41 m3/km2/year. In the basin, 28.3% of the territory was affected by severe and excessive erosion. Areas under medium erosion covered 12.7% of the territory, weak 34.3% and very weak 17.6% (Figure 2A). The most obvious changes in the period 1971–2016 are related to the I and II categories of erosion, which covered only 1.76% of the basin area in 2016. As areas under severe erosion decreased, areas under medium erosion increased, where, according to the 2016 map, 28.8% of the basin area was threatened. In the 2016 erosion map, the greatest share was covered by areas under weak erosion, 65.4%, followed by medium erosion, 28.8%. The erosion coefficient was determined as 0.360, with a specific sediment load production of 472.03 m3/km2/year, which indicated a decrease in sediment load production in the period 1971–2016 of 28% (Figure 2B). A slight increase in the erosion intensity was observed in the lower parts of the basin, along with the river flow, which was characterized by an increase in arable land, an increase in the population (primarily the agricultural population) and the degradation of forest cover in the part of the basin that was heavily influenced by human activity. Mountainous and sub-mountainous parts of the basin, although possessing topographic potential for intensive erosion in the period 1971–2016, recorded a decrease in the intensity of erosive processes (Figure 2).



The main characteristic of the population trends in the Jablanica Basin is the continuous decrease in the total population. In the period 1961–2011, the total population in the basin decreased from 58,461 to 30,983 inhabitants, which indicates a decrease of 47%. The largest decrease in the total population was recorded in the period 2002–2011 (6511 inhabitants), and in the period 1981–1991 (6337 inhabitants). Comparing the data of the agricultural population from the census of 1961 and 2011, it was noticed that the the total agricultural population decreased from 82.3% to 26.5%. From this percentage, the active agricultural population, in this period, shows a decrease from 78.3% to 54.3%. Additionally, the area under ploughed land and gardens in the basin decreased (21,051 ha in 1961 to 12,215 ha in 2011) as did the areas under forest (from 10,991 ha in 1961 to 9995 ha in 2011).





4. Discussion


Unlike some previous studies that have shown that there is an increase in the intensity of erosion caused by agricultural activity [18,45,46], in the Jablanica Basin, conversely, there has been a decrease in the intensity of the process. Demographic and land use changes, a decrease in arable areas and human and agricultural activities had a significant impact on changes in the intensity of soil erosion, gross erosion and sediment yield. So, the reasons for the soil intensity reduction need to be analyzed in terms of indirect anthropogenic influences. Direct influences are a result of land management, the construction of erosion control works and changes in land use [25,26,27], whereas indirect influences result from abandoning or ceasing to cultivate the land due to the migration of the population from rural into urban areas for economic reasons [19]. This proved to be significant in the Jablanica Basin as well, but it is very important to consider the levels of changes and the possible impacts on the intensity of soil erosion. In this sense, the changes that led to it were analyzed.



4.1. Analysis of Proportional Changes in Population and Arable Land in Settlements (1961–2011)


Three components had a major effect on changing rural areas: demographic, economic and land components. According to the values of net relative change (Rj) in the population dynamics/arable land surface, it is possible to distinguish three basic types and one sub-type: progressive type, stagnant type, regressive type and dominant regressive sub-type.



The progressive type of settlement has a positive value of net relative change in the total population (Rj% > 47%) and arable land (Rj% > 47.5%). This type is characterized by a favorable demographic situation and a positive trend of population change. It is characteristic of settlements located near major roads and major city centers and those belonging to suburban areas. This type includes 10 settlements in the basin area. For this reason, this type of settlement constantly records an increase in population. However, most residents of the progressive type of settlement work in cities, have given up agriculture and engage in non-agricultural activities, resulting in a decline in arable land in these settlements. This type of settlement corresponds to a stagnant or regressive type of change in areas under arable land.



The stagnant type is characterized by a positive net relative change in the total population, with a slight declining tendency (0 < Rj% < 47%) and a positive net relative change in arable land (0 < Rj% < 47.5%) that is characteristic of settlements with a predominantly agricultural function and which have large areas under arable land that were reduced in the period 1961–2011. In this type, there are no significant changes in the use of arable land and mainly these settlements are characterized by a stagnant or regressive type of change in the area under arable land.



The regressive type of settlement includes settlements with negative values of net relative change in the total population (0 > Rj% < −47) and arable land (0 > Rj% < −47.5%). This type is characterized by decades of continuous decline in the total population and a decrease in the area under arable land. The largest number of settlements in the basin belongs to this type, as much as 60%. In this type of settlement, due to the decrease in the total population, extreme deagrarization occurs, so that settlements of this type are characterized by significant changes in the purpose of land use. As a result of the declining total population, the land that is no longer used or cultivated is abandoned and, over time, the land is covered in grass and overgrown with natural vegetation. This type of settlement records the largest changes in the arable land use belonging to the dominant regressive type.



A regressive type of settlement with values of net relative change less than (Rj% > −47%) and (Rj% > −47.5) belongs to the dominant regressive sub-type. This type of settlement is characterized by an advanced phase of depopulation, where there was a rapid decline in the total population during the survey period. This type of settlement remains without an agricultural population so that the areas under arable land do not decrease but record stagnation and belong to the stagnant type. The types of settlements according to the change in the number of inhabitants (C) and arable land areas (D) for 1961–2011 are given in Figure 3. The typology of population dynamics and changes in the arable land surface was analyzed for the period 1961–2011, and an analysis was done of the change in erosion intensity for the period 1971–2016. The reason for this discrepancy in the periods is that the most intense changes in demographic and agrarian geographical transformation began in the 1960s and their results became visible in the early 1970s, as identified by earlier studies [47,48].




4.2. Change in Land Use (1961–2011)


The change in land use was determined by a comparative analysis of the 1961 and 2011 agricultural census data (Table 3). Areas under certain crops are considered to be the areas most influenced by man, which, through inadequate management, create areas where the strongest intensities of erosive processes are represented [48].



The decrease in erosion intensity is a direct consequence of the reduction of arable land. During the survey period, a 31% reduction of arable land was established (1961—27,807.75 ha; 2011—19,095.28 ha) (Table 3). In the structure of arable land, the category of ploughed land and gardens was dominant, with a share of 75.7% in 1961 and 64% in 2011.



The share of forests has been reduced from 10,991.7 ha (1961) to 9995.87 ha (2011). The reduction of areas under forests in the basin and the conversion of these areas into arable land or alteration by human activities (the construction of roads, settlements or other infrastructure works) increases the possibility of land degradation and the intensification of erosive processes. The reduction of the share of forests in the basin did not lead to an increase in the intensity of erosion due to large areas of arable land that were abandoned and an intensive depopulation process in all settlements in the basin.



The basic agricultural characteristic in the Jablanica River Basin is the intensive and unplanned reduction of the arable land areas and their redistribution along the river, from the upstream parts at higher altitudes to the downstream parts at lower altitudes. These changes are due to the decrease in the areas under arable land at higher altitudes and the retention or enlargement of the areas at lower altitudes, which indicates that the erosion coefficient remained unchanged or decreased slightly in those areas.



The processes of extreme depopulation and deagrarization in mountainous parts of the basin led to a higher concentration of the population in the lower hypsometric zones, which in 2011 resulted in a higher share of arable land in the area up to 500 m (68.2%). On the other hand, the average share of arable land in the structure of land use in the rural areas of these settlements is the largest and ranges from 45.7–98%. Most settlements at lower altitudes (below 500 m) belong to a stagnant or regressive type of arable land area and a regressive and dominantly regressive sub-type by population (Figure 3).



Changes in the land use in different parts of Europe over the last 50 years have shown that a decrease in arable land leads to a large decrease in sediment load production [18,30,31]. In the basin, lowland areas are characterized as significant areas of agricultural production, where most of the population is also located, which is why the areas with intensive erosive processes are singled out here. On the other hand, altitudinal parts of the basin (most of the basin) record a drastic decline in population, leading to the destruction of once arable land and, over time, the transition to meadows, pastures or even forest.




4.3. Demographic Change


In the period 1961–2011, the population of settlements in the basin area decreased by 47%. A decrease in population was observed in settlements located in mountainous peripheral areas away from major roads and city centers. As a consequence, there was a process of fragmentation of rural settlements, which was reflected in the increase in the number of settlements with less than 100 inhabitants (no settlements in 1961, and 42 settlements in 2011).



The highest concentration of the population was represented in the altitudinal zone up to 500 m. In 1961, 58.8% of the population lived in settlements up to the altitude of 500 m, and in 2011, it was as much as 87.7% of the population. The largest proportion of settlements, 50% of the total number, was also in these altitudinal zones (up to 500 m). The average population per settlement was 629 inhabitants in 1961 and 336 in 2011 (Table 4).



The drastic decrease in the total population is the result of natural and mechanical movements (migration) of the population. A direct consequence of these movements is a disruption of the age structure. Age structure is a unifying factor between the condition and quality of the population, which is reflected in how the land is used, especially in rural areas [33]. The analysis of the age structure of the population is based on the observation of the share of large age groups: young population (up to 19 years); younger middle-aged (20–39 years); older middle-aged (40–64 years old) and old population (over 65 years old). In 1961, the young population made up 36.9% of the total population, and in 2011 only 19.5% of the total population. The proportion of the younger middle-aged population was reduced from 34.2% in 1961 to 23.9% in 2011. The aging process of the population has been identified, as the older middle-aged and elderly population increase. In the same period, the middle-aged population increased its share of the total population from 23% to 35%, while the elderly population increased from 5.7% to 21.3% (Figure 4). This indicates the demographic aging of the population, which was also reflected in the manner of land use, and in this connection there was a reduction of erosive processes in the areas affected by the processes of depopulation and the aging of the population.



The process of deagrarization is the abandonment of agriculture by the agrarian population, to whom agriculture was the sole activity and source of income. This process influences the change in the appearance of settlements, landmarks, transformation, migration movements of the population, the disturbance of gender and age structure and changes in the purpose of land use. The agricultural and non-agricultural populations show a degree of deagrarization in relation to each other [43]. Comparing the data on the movements of the agricultural population, from the census of 1961 and 2011, we can conclude that the total agricultural population decreased from 82.3% to 26.5%. Most of the inhabitants of the settlements located near city centers abandoned agriculture and changed the type of activity they do, and agriculture remains an additional activity they engage in. The agricultural population is getting older, it is decreasing and, as a consequence, the area under arable land in the rural settlements in the basin area is decreasing.



Changes in population structure in the Jablanica River Basin are in line with demographic trends in rural settlements in the Republic of Serbia [49].





5. Conclusions


The results of the research show that a decrease in erosion was recorded in the Jablanica River Basin in the period 1971–2016.



The depopulation of rural areas is the basic demographic characteristic of the basin, followed by the process of deagrarization. The abandonment of agriculture, which was the most important economic activity and source of income of the population, and their restructuring into non-agrarian activities, significantly affected the way the land was used.



This research has shown that the change in land use occurs due to the abandonment of arable land by the population due to economic and social changes and this has a great impact on soil erosion. Observed land abandonment has positive impacts because the erosion intensity is reduced.



The results of this research can be helpful in the investigation of the soil erosion rate under the land use and demographic changes at a watershed level.



As land loss caused by erosion is a major country-wide problem in the Republic of Serbia, the calculation of erosion coefficients for the entire country is a necessity for the general development of the economy and society.
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Figure 1. Geographical position of the Jablanica River Basin in the Republic of Serbia. 
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Figure 2. Soil Erosion Map of the Jablanica River Basin in 1971 (A) and 2016 (B). 
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Figure 3. Types of settlements according to the change in the number of inhabitants (C) and arable land areas (D) 1961–2011. 
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Figure 4. Population of rural settlements in the Jablanica River Basin by age group in 1961 and 2011. 
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Table 1. Coefficient values of the EPM method.
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	Soil Protection Coefficient
	X



	Mixed and dense forest
	0.05–0.20



	Thin forest with grove
	0.05–0.20



	Coniferous forest with little grove, scarce bushes, bushy prairie
	0.20–0.40



	Damaged forest and bushes, pasture
	0.40–0.60



	Damaged pasture and cultivate land
	0.60–0.80



	Areas without vegetal cover
	0.80–1.00



	Soil Erodibility Coefficient
	Y



	Hard rock, erosion resistance
	0.1–0.3



	Rock with moderate erosion resistance
	0.3–0.5



	Weak rock, schistose, stabilized
	0.5–0.6



	Sediments, moraines, clay and other rock with little resistance
	0.6–0.8



	Fine sediments and soils without erosion resistance
	0.8–1.0



	Erosion and Stream Network Development Coefficient
	φ



	Little erosion on watershed
	0.1–0.2



	Erosion in waterways in 20–50% of the basin area
	0.3–0.5



	Erosion in rivers, gullies and alluvial deposits, karstic erosion
	0.6–0.7



	50–80% of the basin area affected by surface erosion and landslides
	0.8–0.9



	Whole watershed affected by erosion
	1.0
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Table 2. Distribution of erosion processes in the basin (1971 and 2016).
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Erosion Category

	
Erosion Intensity

	
Range of Z

	
Range of W (m3/km2/Year)

	
1971

	
2016




	
Area (km2)

	
(%)

	
Area (km2)

	
(%)






	
I

	
excessive

	
1.01–1.50

	
>3000

	
21.5

	
2.4

	

	




	
II

	
intensive

	
0.71–1.00

	
1200–3000

	
235.4

	
25.9

	
16.5

	
1.76




	
III

	
medium

	
0.41–0.70

	
800–1200

	
115.7

	
12.7

	
262.76

	
28.83




	
IV

	
weak

	
0.21–0.40

	
400–800

	
312.6

	
34.3

	
595.95

	
65.39




	
V

	
very weak

	
0.01–0.20

	
100–400

	
160.5

	
17.6

	
36.55

	
4.01




	

	
accumulation

	

	

	
63.8

	
7.0
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Table 3. Structure of land use in rural settlements in the territory of the Jablanica River Basin in 1961 and 2011.
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Land Use Type

	
1961

	
2011




	
F (ha)






	
Ploughed land and gardens

	
21,051.00

	
12,215.72




	
Vineyards

	
522.30

	
259.61




	
Orchards

	
1997.23

	
2107.38




	
Meadows

	
4237.22

	
4512.57




	
Arable land

	
27,807.75

	
19,095.28




	
Forests

	
10,991.70

	
9995.87




	
Pastures

	
968.58

	
1072.94




	
Other

	
769.60

	
867.02




	
Total

	
40,537.63

	
31,031.11











[image: Table] 





Table 4. Average population and number of households in rural settlements in the Jablanica River Basin, 1961–2011.
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Year

	
Average Population in Settlements

	
Hypsometric Zone

	
Average Number of Households in a Settlement




	
<300 m

	
300–500 m

	
>500 m






	
1961

	
629

	
760

	
636

	
547

	
116




	
1971

	
574

	
794

	
570

	
431

	
122




	
1981

	
527

	
833

	
518

	
320

	
127




	
1991

	
463

	
840

	
457

	
197

	
123




	
2002

	
408

	
800

	
383

	
145

	
119




	
2011

	
336

	
718

	
339

	
73

	
102
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