
sustainability

Article

Agriculture Land Use Change and Demographic Change in
Response to Decline Suspended Sediment in Južna Morava
River Basin (Serbia)
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Abstract: This study expounds the dynamic relationships among agricultural land-use change, rural
population migration, and sediment transport. The variability of suspended sediment load was
detected by Mann–Kendall and Pettitt tests. From 1961 to 2007, the annual trend in suspended
sediment concentration and sediment load demonstrated significant reduction (α = 0.001), with
decreasing rates of 0.0144 g/L/y and 84.7 t/y, respectively. An abrupt change-point was detected in
1984 for the sediment load (p = 0.0001). The double-mass curve method and regression analysis of
sediment load versus precipitation were used to quantify the effects of climate change and human
activities on sediment load variations. The changes in sediment load were predominantly impacted
by human activities (89%), while precipitation explained 11% of the reduction in suspended sediment.
An important land-use change recorded in the Južna Morava river basin comprised the abandonment
of agricultural lands due to depopulation processes, as well as economic and social changes, which
was followed by significant impacts on soil erosion and sediment transport. Land abandonment was
most pronounced in marginal mountain or semi-mountainous areas, where agriculture was until
recent decades traditional or semi-traditional. The results of the correlation matrix were significant at
the p < 0.05 level, demonstrating that the decrease of rural population, agricultural land, and arable
land were directly related to the decline of suspended sediment. High correlation coefficients were
found between anthropogenic indicators and sediment parameters, ranging from 0.94 to 0.97.

Keywords: sediment load; depopulation; deagrarization; typology; rural settlements

1. Introduction

Transport sediment load in rivers has a long history of being studied as a physical
process, from the aspect of various disciplines such as geomorphology, geology, and cli-
matology. However, it has long been recognized that focusing exclusively on physical
processes offers only a partial explanation of the causes of decrease or increase in sedi-
ment load trend. As dynamics and sediment transport also depend on anthropogenic
impacts [1], some scientific studies have pointed out that the influence of socio-economic,
demographic, and physical factors on the study of soil degradation and soil erosion pro-
cesses should be solved in tandem [2]. The European Environment Agency has defined
land-use as one of the basic factors of soil erosion [3]. The relationship between different
land-uses/land-covers and the intensity of soil erosion has attracted the interest of a wide
range of researchers [4–8]. Some studies have demonstrated that land-use is the dominant
factor determining sediment yields, where the highest values are usually associated to
cultivated lands [9–11]. Earlier analyses have also shown that spatial variability in human
impact on catchment sediment yield can mainly be explained by differences in land-use
(i.e., the fraction of arable land) in western and central Europe [12]. Important land-use
changes recorded in the Mediterranean area include the abandonment of agricultural land
due to economic and social changes, followed by significant impacts on soil erosion [13].
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Changes in agricultural land-uses in different parts of Europe and the Balkans, in the
second half of the 20th century and at the beginning of the 21st century, have shown that
the deintensification of land-use in agricultural areas has led to a significant reduction in
sediment production and sediment transport [14–18]. Serbia provides such an example,
where the causes of trends in soil erosion can be explained by negative demographic and
socio-economic changes [19–24]. As a kind of catalyst for agricultural development, natural
conditions and socio-economic characteristics are, at the same time, important factors
that have contributed to the current stage of agricultural production in Serbia [25]. The
regressive age pyramid and deep-rooted birth model, insufficient for simple population
reproduction, have been constant obstacles to the formation of positive (favorable) de-
mographic trends in Serbia in the long-term [26]. Socio-economic development aimed at
the industrialization of urban areas has only further accelerated the internal migration
of residents from rural areas to fast-growing industrial centers [27]. This has resulted in
disturbances in the gender structure of the current population in the primary reproduc-
tive years, at the settlement level throughout the country [28]. The unfavorable age and
gender structure in agricultural areas has affected the change in the agricultural produc-
tion structure and reduced the vital rate of the rural population, meanwhile reducing
the economic attractiveness of these areas [29]. This has further deepened the processes
of demographic aging and poverty. Rural depopulation has become one of the biggest
structural development problems in Serbian society [30]. The rural areas of Serbia have ex-
perienced the characteristics of a rural exodus since the 1960s [27]. Depopulation processes
and socio-economic processes affect changes in agricultural practices and land resource
management. The post-socialist transformation of land has led to the fragmentation of
large-scale agricultural land, which has resulted in the fragmentation of plots, an increase
in farm colors, and an increase in uncultivated land [29].

Previous studies in Serbia [22,31] have shown that the most significant controlling
factors affecting soil erosion are the coefficient of soil protection (X) in the EPM model and
the topography (LS) and land-use (C) factors in the USLE model. Certain research focused
on the functional relationship between land-use changes and soil erosion intensity has
shown a link between these processes and changes in the transport of suspended sediment
at the long-term scale [32]. The aims of this study are to analyze the inter-annual trend of
suspended sediment load in Južna Morava river and to evaluate the impacts of climate
change and human activities on the sediment load. In this context, the focus of this research
is to determine the impact of the depopulation process, the process of deagrarization, and
change of agricultural land-use on the dynamics and transport of sediment loads in the
Južna Morava river basin. Considering that modern agrarian space research is typically
based on concepts related to the study of spatial organization and mutual connections and
relations between phenomena and processes related to agrarian production [7,8,33–35], in
this paper, the research of agriculture is based on the spatial–temporal dimension and the
principle of functional connection between demographic processes and land-use changes
at the settlement level. Adequate knowledge, quantification, and understanding of these
processes is a basic step in the development of effective strategies for land and water
resource management, spatial planning and management, and environmental protection.

2. Study Area

The study area was located in the Južna Morava river basin (Figure 1). Južna Morava
is formed by the merging of Binačka Morava and Preševska Moravica, which merge
near the town of Bujanovac. The area of the Južna Morava basin is 15,469 km2, of which
85% belongs to Serbia, while smaller parts belong to Bulgaria and Northern Macedonia [36].
The relief of the basin consists of huge mountains of the Serbian–Macedonian mass, as
well as parts of the Carpathian–Balkan mountains, with the largest extent in the Nišava
basin. The hilly–mountainous relief is represented by altitudes ranging from 130 m (at
the positions of the Južna and Zapadna Morava) to 2169 m (at the peak Midžor of the
mountain Stara planina). The average altitude of the basin is 657 m. According to the map
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of the Spatial distribution of annual precipitation in Serbia in the period from 1961 to 2010,
the average annual precipitation in the basin ranges from 550 mm, in the valley of the
Južna Morava, to 1300 mm, in the highest eastern and southeastern parts of the basin [37].
The Južna Morava river basin belongs to the region characterized by precipitation values
below the Serbian average [38,39]. The average annual air temperature is in the range of
10–12 ◦C in the lowest parts of the basin, while the mountainous parts (above 1500 m)
have temperatures below 3 ◦C [40]. The rivers in the Južna Morava basin mostly belong
to the pluvio–nival type of water regime, with maximum discharges in March and April,
and minimum discharges in August and September [41]. Based on previous research on
the natural hazards on the territory of Serbia [42], the valley of the Južna Morava, from
Vladičin Han to Stalać, is a potential flood zone. Flooding of the Velika Morava River
and its tributaries is mostly of the destructive torrential kind, which can have devastating
consequences on the environment [43–45].
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Figure 1. Location of study area in Republic of Serbia.

The population in the Južna Morava river basin lives in 27 urban and municipal centers
and 1353 rural settlements. The urban centers are mainly located in the valleys of the Južna
Morava and its larger tributaries, or along the main traffic corridors (e.g., the pan-European
Corridor X). In terms of numbers, small urban settlements prevail: 16 settlements have
less than 10,000 inhabitants and 6 between 10,000 and 20,000 inhabitants. There are only
4 medium-sized cities with population between 20,000 and 100,000, while the largest urban
center is Nis, with approximately 183,000 inhabitants. According to the Statistical Office of
the Republic of Serbia, the total population has decreased from 1961 (1,053,590 people) to
2011 (983,445 people).
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3. Materials and Methodology
3.1. Data

Precipitation data (1961–2007) at 16 gauging stations in the Južna Morava river basin
were provided by Meteorological Yearbooks of the Hydro-meteorological Office of the
Republic of Serbia (RHMOS). Hydrological data series (1961–2007) of the annual water
discharge and suspended sediment, extracted from hydrological station Mojsinje in the
Južna Morava River, were obtained from the Hydrological Yearbooks of the RHMOS [46].

The impact of human activity on the dynamics of sediment load was based on the
analysis of population, agricultural land, and arable land. Settlements are the basic territo-
rial level (spatial units) in this study. The data set of populations was determined using the
corresponding Statistical Yearbooks of the Statistical Office of the Republic of Serbia (SORS)
for the census years 1961, 1971, 1981, 1991, 2002, and 2011. The data set of agricultural
land and arable land in rural settlements was determined by comparative analysis using
the Census of Agriculture books for 1960 and 2011. Data from the agricultural land and
arable land censuses of 1971, 1981, 1991, and 2001 in Agricultural yearbooks were also
used (SORS) [47]. The analysis was based on the interpretation of data within 1353 rural
settlements located in the Južna Morava river basin, except for a few settlements in the
south Serbian provinces Kosovo and Metohija, due to a lack of data (according to UN
resolution 1244, the territorial status of the province is still not determined).

3.2. Mann–Kendall and Pettit Tests

To analyze the long-term trends of the hydro-meteorological variables, the non-
parametric Mann–Kendall test (MK test) was applied. The rank-based Mann–Kendall test
was originally proposed by Mann (1945) [48] and later reformulated by Kendall (1975) [49].
This method has been widely applied for general use throughout the world, due to its
robustness for non-normally distributed data. In this study, this method was used to detect
trends in precipitation, water discharge, suspended sediment concentration, and sediment
load time-series. The Mann–Kendall Z statistic was used for significance testing. A positive
value of Z represents an upward trend, while a negative Z value indicates a negative trend.
In the Mann–Kendall test, the slope estimated using the Sen estimator is usually considered
to detect the monotonic trend and to indicate the variable quantity in the unit time. It is a
robust estimate of the magnitude of a trend and has been widely used to identify the slope
of a trend line in hydrological and climatic time-series data.

Identifying change-points is one of the important analysis methods to study the
impact of climate change and human activities on sediment load. This study uses the
non-parametric method proposed by Pettitt (1979), which has been widely used for the
detection of change-points in hydrological and climate data [50]. In this study, to detect
change-points a significant level of α = 0.05 was used. Both methods have been widely
recommended and have been generally applied in hydrological and meteorological data
analyses. Details of the MK and Pettitt tests can be found in many previous studies [51–54]
and, thus, are not repeated here.

3.3. Double-Mass Curve Method and Linear Regression Method

The double-mass curve (DMC) method is relatively simple, practical, and highly visual
method, which has been widely used to analyze the consistency and trends in long-term
hydro-meteorological data and to quantitatively evaluate the impacts of precipitation and
human activities on water discharge and sediment regime changes [1,52]. The method uses
linear regression analysis of cumulative precipitation, water discharge, and suspended
sediment load time-series data. The application of this method has been described in many
studies [51–55]. In this study, identifying the baseline period was one of the most important
steps in the process. We used the Pettitt test to determine the baseline period for assessment
of the relative impacts of climate change and human activity on sediment load. The period
before the change-point was determined as the reference period, while the period after
the change-point was the research period. The relationship curve between cumulative
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precipitation and cumulative sediment load in two periods was established, and a linear
regression equation was established according to the base period, thereby reconstructing
the annual sediment load not affected by human activities during the study period.

The impacts of human activities and precipitation on the transport of sediment load
can be calculated using the following equations:

Qs = Qsao − Qspo, (1)

where ∆Qs is the total change of annual average suspended sediment load, Qspo is the
observed average annual suspended sediment load of the before-change period, and Qsao
is the observed suspended sediment load of the after-change period, extrapolated using
the regression equation for the before-change period.

∆Qshuman = Qsao − Qsac, (2)

where ∆Qshum is the change in annual average suspended sediment load caused by human
activities, and Qsac is the calculated suspended sediment load of the after-change period,
extrapolated using the regression equation for the before-change period.

∆Qsprecipitation = ∆Qs − ∆Qshuman, (3)

where ∆Qprecipitation is the change in annual average suspended sediment load caused by
changes in precipitation.

The following equations can be used to calculate the contributions of precipitation
and human activities to the suspended sediment load:

µprecipitation = ∆Qsprecipitation/∆Qs·100%, (4)

µhuman = ∆Qshuman/∆Qs·100%, (5)

where µprecipitation is the contribution rate of change of precipitation to suspended sediment
change, and µhuman is the contribution rate of human activities to sediment change [56,57].

3.4. The Sediment Rating Curve Method

The sediment rating curve (SRC) is used to understand the dynamics and conditions
of suspended sediment transport in rivers. The method is based on the relationship
between the suspended sediment concentration (or suspended sediment load) and water
discharge [58,59]. As has been indicated in many studies [60,61], the general relationship
can be expressed as a power function:

SSC = aQb, (6)

Qs = aQb, (7)

where SSC is the suspended sediment concentration (g/L), Qs is the sediment load (t),
Q is the water discharge (m3/s), and a and b are the rating coefficients of the sediment
rating curve.

According to Morgan (1995), the sediment rating parameters represent the soil erodi-
bility and erosivity of the river [62]. A high value of the a coefficient indicates availability
of sediment in the basin, which can be easily eroded and transported by runoff, while the
b coefficient describes the erosivity of the river, for which a high value indicates a strong
increase in the erosive power of the river. In this study, two complementary approaches
were adopted. In the first part, we analyzed the variability of the coefficients a and b in
the relationship between average annual suspended sediment concentration and water
discharge. In the second part, we analyzed the relationship between annual sediment load
and water discharge. The analysis considered temporal changes in the sediment regime,
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differentiated into ten-year time-series (1961–1970, 1971–1980, 1981–1990, and 1991–2000).
The last period includes data from 2001 to 2007.

3.5. Method of Proportional Changes

Changes in population and the use of agricultural or arable land, for the period from
1961 to 2012, can be determined based on the analysis of proportional changes [30,63–65],
which defines the regional configuration of the processes of depopulation and deagrariza-
tion in the rural area of the Južna Morava basin. The essence of this method lies in the
initial hypothesis that “total changes” (in the number of inhabitants, agricultural areas, and
arable land) are the result of two types of changes: (a) Regional differentiation of changes
in each rural settlement individually; and (b) structural changes in the studied area which
condition the dynamics of change.

“Absolute change” in population (PCj), agricultural land-use (AgLCj), and arable
land (ArLCj) represent the total decrease in absolute values during the study period. The
calculation was performed at the level of settlement (j), according to the formulas:

PCj = PEj
0 − PEj

1, (8)

AgLC j = AgLEj
0 − AgLEj

1, (9)

ArLCj = AgrLEj
0 − ArLEj

1, (10)

where PCj is the absolute change in the number of inhabitants in each rural settlement
individually, PEj

0 is the population in 1961, PEj
1 is the population in 2011, AgLCj is the

absolute change of agricultural area in each rural settlement individually, AgLEj
0 is the

agricultural area in 1961, AgLEj
1 is the agricultural area in 2011, ArLCj is the absolute

change of arable land in each rural settlement individually, AgrLEj
0 is the arable land in

1961, and ArLEj
1 is the arable land in 2011.

The “Regional share component” of population, agricultural area, and arable land can
be calculated according to the formulas:

PNj = PEj
0 (PT1/PT0 − 1), (11)

AgLNj = AgLEj
0 (AgLT1/AgLT0 − 1), (12)

ArLNj = ArLEj
0 (ArLT1/ArLT0 − 1), (13)

where PNj is the regional share component of population, PEj
0 is the number of inhabitants

in each settlement individually in 1961, PT1 is the total population in the basin territory in
2011, PT0 is the total population in the basin territory in 1961,AgLNj is the regional share
component of agricultural area, AgLEj

0 is the agricultural area in 1961, AgLT1 is the total
agricultural area in the basin territory in 2011, AgLT0 is the total agricultural area in the
basin territory in 1961, ArLNj is the regional share component of arable land, ArLEj

0 is the
arable land in 1961, ArLT1 is the total arable land in the basin territory in 2011, and ArLT0

is the total arable land in the basin territory in 1961.
The “Net relative change” of population, agricultural area, and arable land can be

calculated according to the formulas:

PRj = PEj
1 − PEj

0 (PT1/PT0), (14)

AgLRj = AgLEj
1 − AgLEj

0 (AgLT1/AgLT0), (15)

ArLRj = ArLEj
1 − ArLEj

0 (ArLT1/ArLT0), (16)

where PRj is the net relative change of population, PEj
1 is the population in 2011, PEj

0 is the
population in 1961, PT1 is the total population in the basin territory in 2011, PT0 is the total
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population in the basin territory in 1961, AgLRj is the net relative change of agricultural
area, AgLEj

1 is the agricultural area in 2011, AgLEj
0 is the agricultural area in 1961, AgLT1

is the total agricultural area in the basin territory in 2011, AgLT0 is the total agricultural
area in the basin territory in 1961, ArLRj is the net relative change of arable land, ArLEj

1 is
the arable land in 2011, ArLEj

0 is the arable land in 1961, ArLT1 is the total arable land in
the basin territory in 2011, and ArLT0 is the total arable land in the basin territory in 1961.

The method of proportional changes enables the definition of different types of
changes. The relative values of the two main components of change, in relation to the rela-
tive values of the Regional share component, define the following types of regional changes:
“Progressive type” (PT), “stagnant type” (ST), “regressive type” (RT), and “predominantly
regressive type” (DRT).

4. Results and Discussion
4.1. Long-Term Trend and Change-Point Analyses

The annual sediment load in the Južna Morava river basin decreased significantly
from 1961 to 2007. The average annual sediment load was 2393 × 103 t, the minimum
annual sediment load was 40 × 103 t (1993), and the maximum value was 9855 × 103 t
(1963) (Figure 2A). Comparing precipitation and water discharge, the trend of sediment
load was more obvious (Figure 3). The results of the Mann–Kendall (MK) test indicated no
significant trend for the precipitation series. Water discharge showed a statistically signifi-
cant decreasing trend (α = 0.05). The change rate of water discharge was 0.77 m3/s/yr. The
suspended sediment concentration and sediment load decreased significantly (α = 0.001),
with average annual decrease rate being SSC = 0.0144 g/L/yr and Qs = 7.1 × 103 t/yr.

As the Mann–Kendall test showed a significant downward trend in sediment load,
the Pettitt test was further used to detect the change-points (Table 1, Figure 2A). The Pettitt
test was applied to annual precipitation and the results showed that no transition year
could be detected at a significance level of α = 0.05. However, for annual water discharge,
the change-point year was detected as 1983 (p < 0.05). For the annual sediment load,
change-point year was detected as 1984 (p < 0.0001), which can be seen in the double-
mass curve diagram (Figure 2B). The average sediment load reduced from 3650 × 103 t to
1082 × 103 t in the 1961–1984 and 1985–2007 periods, respectively.
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Figure 3. Results of Z statistic trend analysis using the Mann–Kendall (MK) test during 1961–2007,
1961–1984 (before change-point), and 1985–2007 (after change-point). P, precipitation (mm/yr);
Q, annual water discharge; Qmax, maximum water discharge; SSCav, average annual suspended
sediment concentration; SSCmax, maximum suspended sediment concentration; Qs, annual sediment
load; Qsav, average annual sediment load; Qsmax, maximum sediment load; α, significance level;
α + = 0.1, α * = 0.05, α ** = 0.01, α *** = 0.001; α =/, no significance.

Table 1. Statistical tests evaluating changes in the long-term annual precipitation, water discharge,
and suspended sediment load. Results of Pettitt tests at significance level of α = 0.05.

River-Station Parameter K p Shift Change-Point (T)

Južna Morava-
Mojsinje

Precipitation 168 0.2915 - -
Water discharge 308 0.0050 Downward 1983
Sediment load 468 0.0001 Downward 1984

The time-series was divided into two segments, based on the change-point, such
that the gradual trends before and after the change-point could be further examined.
Based on the MK test, changes of precipitation, water discharge, suspended sediment
concentration, and sediment load before and after the detected change-point are shown in
Figure 3 and Table 2. Compared with the results of the MK test in the whole study period
of 1961–2007, the results of trend analysis for separate segments (i.e., before and after the
change-point) showed different levels of significance. In general, the reductions in the
suspended sediment concentration and sediment load in the period before the change-point
were more dramatic than those of precipitation and water discharge. The time-series of
SSC and Qs were found to show decreasing trends at the significance levels of α = 0.01 and
α = 0.05, respectively. On the other hand, opposite change trends were found for new time-
series (i.e., after the abrupt change-point) for precipitation and water discharge. Regardless
of the established increasing trend the precipitation and water discharge, the suspended
sediment still showed a decreasing trend in the time-series after the change-point. Opposite
trends suggest that there were different control factors which were significant for sediment
load reduction.
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Table 2. Results of San’s slope (β) analysis using the Mann–Kendall (MK) test for time-series of
1961–2007, 1961–1984 (before change-point), and 1985–2007 (after change-point).

Parameters
Period 1961–2007 Period 1961–1984 Period 1985–2007

β β β

P mm/yr −0.01 −0.45 1.17
Q av m3/s/yr −0.77 −0.08 1.08

Q max m3/s/yr −2.97 −3.02 2.56
SSC av g/L/yr −0.0144 −0.0287 −0.0063

SSC max g/L/yr −0.0396 −0.0697 −0.0205
Qs 103 t/yr −84.7 −113.1 −13.9

Qs av 103 t/yr −7.1 −9.4 −1.2
Qs max 103 t/yr −27.9 −30.2 −8.5

4.2. Quantification of the Impacts of Precipitation and Human Activities on the Decrease of
Suspended Sediment

As can be seen from Figure 2B, the double-mass curve showed that the annual sedi-
ment load suddenly decreased in 1984, which was confirmed by the Pettitt test. In order to
quantify the change in sediment loads before and after the change-point, a double-mass
cumulative curve was drawn, in order to represent the correlation between cumulative
water discharge and precipitation and cumulative annual sediment loads and precipita-
tion. As can be seen from Figure 2B, the water discharge variation was relatively stable.
According to the established linear regression equations, the analysis results showed that
the cumulative decrease of water discharge after the change-point was only 8%, while the
cumulative decrease of sediment load was 30% (Table 3).

Table 3. Linear regression Equation (1): Cumulative water discharge (Q) and cumulative precipitation (P) for period
before transition years (ΣQ, cumulative water discharge; ΣP, cumulative precipitation; Q1, extrapolated cumulative water
discharge until 2007; Q2, observed cumulative water discharge until 2007). Linear regression Equation (2): Cumulative
suspended sediment load (Qs) and cumulative precipitation (P) for period before transition years (ΣQs, cumulative
suspended sediment load; ΣP, cumulative precipitation; Qs1, extrapolated cumulative suspended sediment load until 2007;
Qs2, observed cumulative suspended sediment load until 2007).

Water Discharge/Precipitation Sediment Load/Precipitation

Regression Equation (1) ΣQ = 0.1464 ΣP + 49.041 (R2 = 0.99) Regression Equation (2) ΣQs = 4.7943 ΣP + 12,398 (R2 = 0.98)

Q1 (m3/s) 4608 Qs1 (103 t) 161,677
Q2 (m3/s) 4240 Qs2 (103 t) 112,483

Q1 − Q2 (m3/s) 368 Qs1 − Qs2 (103 t) 49,194
(Q1 − Q2) × 100/Q1 (%) 8 (Qs1 − Qs2) × 100/Qs1 (%) 30

The change-point (T) represents a change in the slope of the double-mass curve,
emphasizing that the drastic decrease of suspended sediment load cannot be directly
linked to the precipitation. This reduction reflects the impact of human-induced variation
of sediment in the river basins. Table 4 summarizes the quantitative contributions of
precipitation and human activities to the variations in sediment load. For sediment load,
the impact of human activities far exceeded that of precipitation. The percentage impact
of human activities was much larger than that of precipitation. Human activities in the
basin were directly responsible for 89% of reduction in sediment load. These results are
consistent with previous research, which has indicated the dominance of human impact on
sediment reduction in rivers [52–55,66–70].
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Table 4. The impacts of precipitation and human activities on change of annual sediment load (Qso, observed annual
average suspended sediment load; Qsc, calculated annual average suspended sediment load; ∆Qs, change in observed
sediment load between period before change year and after change year).

Period Qso (103 t) Qsc (103 t) ∆Qs (103 t)
Impact of Precipitation Human Impact

∆Qsprecipitation (103 t) ∆Qshuman (103 t)

Before 1984 3650
After 1984 1172 3389 2408 (66%) 261 (11%) 2147 (89%)

4.3. Influence of Anthropogenic Factors on Decline of Suspended Sediments
4.3.1. Spatial–Temporal Changes of Agricultural and Demographic Transformation of
Settlements in Rural Areas

The effect of urbanization in modern conditions is absorbed by even the most remote
villages and, thus, an increasing amount of rural population accepts the values of urban
areas [34]. Due to the acceptance of new values, there is a depopulation of rural areas
and a change in the organization of agricultural production. In suburban settlements,
the dynamics of urbanization are the most intense, and rural–urban conflicts due to land-
use changes are most pronounced. Different social groups adapt valuation standards to
their needs, which is why traditional cultural landscapes change frequently [71]. The
basic characteristics of modern changes in rural–urban relations and connections, defined
through the processes of polarization, diffusivity, accessibility, and mobility [72], result in
a pronounced migration of the population in the studied area. The analysis of the basic
characteristics of the urban system in Serbia [73] and different demographic characteristics
of the rural areas [30] has emphasized the unbalanced spatial and regional development.
These characteristics are very pronounced in the area of the Južna Morava river basin.
According to 1961 Census, approximately a quarter of the total population (23%) lived in
urban areas and approximately 77% of the active population lived in rural settlements. Over
five decades, urbanity had increased to 54% by 2011, while the share of the rural population
decreased to 46% (Figure 4A). The long-term policy of marginalizing rural areas led to a
gradual aging and disappearance of the rural settlements; therefore, many households and
agricultural activities have died out. The demographic aging of the labor force engaged in
agriculture has had negative implications on the agricultural production itself, such that
this rural labor force becomes a limiting factor in agricultural development [74]. The process
of extinction of rural settlements and the drastic decline in the rural population have lasted
for several decades. The number of rural settlements with less than 100 inhabitants has
been growing exponentially. According to the last census (in 2011), 40% of rural settlements
had fewer than 100 inhabitants, while that in 1961 was only 2% (Figure 4B).
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Figure 4. (A) Changes in the share of urban and rural population in the period 1961–2011; and (B) the percentage and
number of rural settlements with a population of less than 100, with respect to the total number of settlements, in the period
1961–2011. Analysis based on the data of rural and urban settlements in the Južna Morava river basin.
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As a consequence of long-term negative development tendencies, the rural settle-
ments in the Južna Morava basin have undergone major transformations, in terms of the
demographic and agro-geographical contexts. The typology of changes in the dynamics
of population, agricultural areas, and arable land in the settlements of the Južna Morava
basin is shown in Figure 5. Based on the presented methodology in the study area, the four
basic types of settlements were defined.

Sustainability 2021, 13, x FOR PEER REVIEW 11 of 20 
 

Figure 4. (A) Changes in the share of urban and rural population in the period 1961–2011; and (B) the percentage and 

number of rural settlements with a population of less than 100, with respect to the total number of settlements, in the 

period 1961–2011. Analysis based on the data of rural and urban settlements in the Južna Morava river basin. 

As a consequence of long-term negative development tendencies, the rural settle-

ments in the Južna Morava basin have undergone major transformations, in terms of the 

demographic and agro-geographical contexts. The typology of changes in the dynamics 

of population, agricultural areas, and arable land in the settlements of the Južna Morava 

basin is shown in Figure 5. Based on the presented methodology in the study area, the 

four basic types of settlements were defined. 

   

Figure 5. Typology of rural settlements, according to population dynamics, TP (A); the change of agricultural areas, TAgL 

(B); and the change of arable land, TArL (C) in the period 1961–2011. 

The progressive type is characteristic of settlements in which the number of inhabit-

ants, agricultural area, and arable land did not decrease, or where the decrease was sig-

nificantly below the regional average. Progressive type of population change (PTP) oc-

curred in 131 settlements (10%), while progressive type of change in agricultural areas 

(PTAgL) was present in 309 settlements (23%) and progressive type of arable land (PTArL) 

occurred in 203 settlements (15%). The progressive type of change was spatially located 

in the plain–valley part of the basin, along the main highway route in the peri-urban zone 

and, to a significant extent, the settlements with less pronounced processes of depopula-

tion and deagrarization coincided. Multifunctional land-use in suburban areas conditions 

more efficient agricultural production and optimal market access [75]. Therefore, the in-

tensive action of urbanization initiated the reaction of the peripheral rural area, in the 

form of increased attractiveness of settlement. 

The stagnant type was also spatially located in the peri-urban belt, next to the pro-

gressive-type settlements. This type of change was characterized by a decrease in the 

number of inhabitants, agricultural area, and arable land, in proportion to the regional 

average. The stagnant type of population change (STP) occurred in 275 settlements (20%), 

the stagnant type of change in agricultural land (STAgL) occurred in 312 settlements (23%), 

and the stagnant type of arable land change (STArL) occurred in 330 settlements (24%). 

Unlike the part of the peri-urban belt in which settlements of progressive type were lo-

cated, areas of stagnant type were characterized by a higher degree of fragmentation of 

holdings, greater diffusion of land-use, and increased urbanization pressure on agricul-

tural land. The higher degree of fragmentation of agricultural holdings can be explained 

by the sale of part of agricultural plots, due to the high price of land [76], and the aban-

donment of agrarian activity in settlements of stagnant type. 

The regressive type was characterized by a decrease in the number of inhabitants, 

agricultural area, and arable land higher than the regional average (i.e., up to the negative 

average of the Regional share component). Rural settlements of this type were extremely 

depopulated, while the process of deagrarization was in an advanced stage. In terms of 

the territorial distribution, settlements of this type were mainly located outside the plain–

Figure 5. Typology of rural settlements, according to population dynamics, TP (A); the change of agricultural areas, TAgL

(B); and the change of arable land, TArL (C) in the period 1961–2011.

The progressive type is characteristic of settlements in which the number of inhab-
itants, agricultural area, and arable land did not decrease, or where the decrease was
significantly below the regional average. Progressive type of population change (PTP)
occurred in 131 settlements (10%), while progressive type of change in agricultural areas
(PTAgL) was present in 309 settlements (23%) and progressive type of arable land (PTArL)
occurred in 203 settlements (15%). The progressive type of change was spatially located in
the plain–valley part of the basin, along the main highway route in the peri-urban zone
and, to a significant extent, the settlements with less pronounced processes of depopulation
and deagrarization coincided. Multifunctional land-use in suburban areas conditions more
efficient agricultural production and optimal market access [75]. Therefore, the intensive
action of urbanization initiated the reaction of the peripheral rural area, in the form of
increased attractiveness of settlement.

The stagnant type was also spatially located in the peri-urban belt, next to the
progressive-type settlements. This type of change was characterized by a decrease in
the number of inhabitants, agricultural area, and arable land, in proportion to the regional
average. The stagnant type of population change (STP) occurred in 275 settlements (20%),
the stagnant type of change in agricultural land (STAgL) occurred in 312 settlements (23%),
and the stagnant type of arable land change (STArL) occurred in 330 settlements (24%).
Unlike the part of the peri-urban belt in which settlements of progressive type were located,
areas of stagnant type were characterized by a higher degree of fragmentation of holdings,
greater diffusion of land-use, and increased urbanization pressure on agricultural land.
The higher degree of fragmentation of agricultural holdings can be explained by the sale
of part of agricultural plots, due to the high price of land [76], and the abandonment of
agrarian activity in settlements of stagnant type.

The regressive type was characterized by a decrease in the number of inhabitants,
agricultural area, and arable land higher than the regional average (i.e., up to the negative
average of the Regional share component). Rural settlements of this type were extremely
depopulated, while the process of deagrarization was in an advanced stage. In terms of the
territorial distribution, settlements of this type were mainly located outside the plain–valley
part and outside the peri-urban belt. They were characterized by poor accessibility to the
agricultural market and mostly extensive agricultural production. The regressive type of
population change (RTP) occurred in 649 settlements (48%), the regressive type of change



Sustainability 2021, 13, 3130 12 of 20

in agricultural area (RTAgL) occurred in 383 settlements (28%), and the regressive type of
arable land change (RTArL) occurred in 417 settlements (30%).

The dominant regressive type describes the situation where value of the net relative
change was significantly lower than the negative average of the Regional share component.
Rural settlements of this type form a zone which experienced extremely intensive processes
of deagrarization, depopulation, and senilization of rural settlements. The dominant regres-
sive type of population change (DRTP) occurred in 298 settlements (22%), the dominant
regressive type of agricultural land change (DRTAgL) occurred in 349 settlements (26%),
and the dominant regressive type of arable land change (DRTArL) occurred in 417 settle-
ments (31%). They were spatially located mainly in the peripheral (distinctly hilly and
mountainous) belts, in relation to important urban centers. In rural settlements of this
type, the elderly population was predominantly represented, which is why there was no
labor-intensive agricultural production [47].

The decrease in the number of inhabitants of rural areas is a consequence of continuous
rural–urban migration, reduced fertility, and the decline in the attractiveness of rural
settlements due to the increased need for a modern lifestyle among the working population.
Land abandonment was most pronounced in marginal mountain or semi-mountainous
areas, where agriculture was, until recent decades, traditional or semi-traditional with
low input and high human labor intensity. The main factor in reducing agricultural and
arable land is not a consequence of systematically organized restructuring of agriculture or
the effect of a planned change in the direction of agricultural land-use but, most often, is
instead a consequence of the individual decisions of farmers [77].

4.3.2. Temporal Changes in Transport of Suspended Sediment

Sediment rating curves were obtained for five distinct periods, according to the annual
water discharge, sediment load, water discharge, and suspended sediment concentration.
All sediment rating curves generally displayed a decreasing trend in all periods (Figure 6).
In Table 5, the regression coefficient a had the highest value in the period up to 1980. The
decreasing coefficient a and increasing coefficient b for SSC in the period after 1980 imply a
decreasing sediment supply from the main source area of sediment and an increased erosive
power of the river channel. A slightly higher value of the coefficient a in the sediment rating
curve for Qs in the period 2001–2007 can be attributed to the increase in water discharge.
Comparing water discharge, the trends of suspended sediment concentration and sediment
load were more obvious (Figure 7); specifically, the mean water discharge in the period
2001–2007 was only 16% lower than in the first decade (1961–1970), while the mean SSC
and mean Qs in the same period declined by 77% and 81%, respectively. A similar situation
was observed, with respect to the change in maximum suspended sediment concentration
and maximum sediment load. The MK test results showed decreasing and significant
trends (α = 0.001) for SSCmax and Qsmax (Figure 3). The mean values of SSCmax and Qsmax
in the period 2001–2007 are lower by 87% and 80%, respectively, compared to the first
ten years. These results indicate a gradual downward shift, in response to the sediment
reductions induced by human activities.

Table 5. Sediment rating parameters for SSC and Qs for decade periods.

Period
SSC Qs

a b R2 a b R2

1961–1970 0.0721 0.5204 0.27 1.5735 1.7145 0.91
1971–1980 0.1512 0.2311 0.02 2.5011 1.4964 0.72
1981–1990 0.0278 0.5704 0.17 0.3560 1.9243 0.49
1991–2000 0.0095 0.7133 0.71 0.3380 1.7968 0.94
2001–2007 0.0036 0.8862 0.99 0.4418 1.6957 0.91
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Figure 7. Long-term variations: In average annual water discharge (Qav) and maximum water
discharge (Qmax) (A); in average annual suspended sediment concentration (SSCav) and maximum
suspended sediment concentration (SSCmax) (B); and in average annual suspended sediment load
(Qsav) and maximum suspended sediment load (Qsmax) (C).
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4.3.3. Rural Population, Agricultural Area, and Arable Land as Factors of Decline in
Sediment Load

Developed European countries annually “lose” about 1.5% of the rural population [78],
due to which arable land is reduced, the number of farmers decreases, and the structure
of production changes. A similar trend was also observed in the territory of the Južna
Morava basin. In general, during the study period (from 1961 to 2011), the number of
inhabitants decreased by an average of 0.87% per year, while agricultural land decreased
by 1.2% and arable land by about 1% per year. During the research period, suspended
sediment concentration and sediment load decreased by about 1.5% and 1.8% per year,
respectively. The loss of agricultural land is the main feature of the deagrarization process,
and the most intensive decrease in the structure of the land was recorded for arable land.
The intensity of depopulation and deagrarization [25] are presented, in terms of different
population dynamic type (Tp) settlements (Figure 8). The process of deagrarization, as
an important factor in the transformation of the environment, was most pronounced in
rural areas of regressive and dominant regressive type. As can be seen from Figure 8,
the highest intensity of deagrarization (i.e., high and medium-high deagrarization index)
with average values of loss of agricultural and arable land of 85% and 89%, respectively,
was typical for the predominantly regressive type of settlement (DRTp), for which a high
depopulation index also held. Medium-high and medium deagrarization index, with an
average reduction of agricultural land by 62% and arable land by 55%, is characteristic
of the regressive type of settlement (RTp). Continuous reduction of agricultural area and
arable land were also present in settlements of stagnant type (STp), but to a somewhat lesser
extent (i.e., medium deagrarization index). The more intensive reduction of agricultural
land (42%), in relation to the number of inhabitants (22%) in settlements of stagnant type,
was a consequence of the continuous reduction of the agricultural labor force, in response
to increased mechanization and periodic participation in agricultural production by the
active population employed in other sectors. Even in settlements with a relatively stable or
slight increase in population (PTp), there was an evident loss of land fund, which averaged
42% for agricultural land and 28% for arable land.

The decreasing trends of population, agricultural land, and arable land were directly
related to the decline of suspended sediment. Statistical interactions between anthropogenic
indicators and sediment parameters are described by the regression equation (Figure 9)
and correlation matrix (Table 6). Correlations between variables were significant at p < 0.05.
The results demonstrated high significance between variables. The values of the correlation
coefficients (r) ranged from 0.94 to 0.99. In general, it can be concluded that the statistical
analyses showed a strong level of dependence between the decreases in rural population,
agricultural land, and arable land, and the decreases of suspended sediment concentration
and sediment load.
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Table 6. Correlations between anthropogenic indicators and sedimentary parameters. Multiple
regressions coefficient correlations (r) significant at p < 0.05. Parameters based on decade period
data. P, rural population; AgL, agriculture land; ArL, arable land; SSCav, average annual suspended
sediment concentration; SSCmax, maximum suspended sediment concentration; Qsav, average annual
suspended sediment load; Qsmax, maximum suspended sediment load.

P AgL ArL SSCav SSCmax Qsav Qsmax

P 1
AgL 0.962 1
ArL 0.972 0.992 1

SSCav 0.948 0.972 0.985 1
SSCmax 0.958 0.971 0.978 0.996 1

Qsav 0.961 0.960 0.984 0.994 0.987 1
Qsmax 0.958 0.955 0.972 0.994 0.997 0.993 1

The rates of decrease in sediment load and water discharge are the result of various
human interventions and activities. There have been no systematic long-term measure-
ments or research on the influence of anthropogenic factors on the flow regime in the study
area. Some studies have indicated several possibilities [79,80]: The long-term acceptance
of water from the right tributaries of the Južna Morava into river basins in the territory
of Bulgaria; or water extraction and diversion for agricultural irrigation and urban and
industrial use. Undoubtedly, the adoption of soil and water conservation measures and
engineering structures in the 1960s and 1970s played a certain role in water discharge and
sediment reduction [45]. However, our research showed that the biggest change in the
reduction of sediment was reflected by land-use changes. Causal links between industri-
alization, urbanization, and economic and demographic development reflect the spatial
distribution of the population. The socio-economic changes were the most pronounced in
the 1970s and 1980s, when the reproductive population immigrated to urban areas [81].
The complex dynamics of rural–urban migration have resulted in an intensive process
of depopulation, continuous fragmentation of rural settlements, structural changes in
agricultural production, and changes in arable land-use. Rural settlements in mountainous
and peripheral parts of the basin have typical features of traditional agriculture with low
labor force engagement, low productivity, and low level of development [82]. The basic
agrarian characteristic of the basin, overall, is the intensive and unplanned reduction of
agricultural land. The abandonment of agricultural land affected the reduction of sediment
production, and the transition year of sediment load (1984) was also in good agreement
with the period of the major demographic and socio-economic changes.

5. Conclusions

In this study, the trends of reduction of suspended sediment in the Južna Morava
River basin in the period 1961–2007 and the impact of human activities on the established
trend were analyzed. During the study period, decreases in SSC and Qs was found at
a significance level of α = 0.001, with average reduction rates of 0.0144 g/L/y for SSC
and 84.7 t/y for Qs. The results of Pettitt tests at confidence level of α = 0.05 showed that
the amount of sediment transported decreased significantly (p < 0.0001) and 1984 was
detected as change-point year of sediment load. To quantitatively evaluate the impacts of
precipitation and human activities on water discharge and sediment regime changes, a
double mass-plot diagram and linear regression were used. The changes in sediment load
were predominantly impacted by human activities (89%), while precipitation explained
11% of the reduction in suspended sediment.

An important land-use change recorded in the Južna Morava river basin comprises the
abandonment of agricultural lands, due to demographical, economic, and social changes,
which was followed by significant impacts on the sediment regime. Only 9.7% of settle-
ments spatially defined in peri-urban zones had a stagnant or slight increase in population,
while 90.3% of settlements were characterized by different levels of depopulation, namely,
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the typological classification of settlements, according to population dynamics (Tp), showed
that as much as 70% of settlements belonged to the regressive (RTp) and predominantly
regressive (DRTp) type, in which the decrease in rural population was 68% and 92%,
respectively, in the period from 1961 to 2011.

The factor of migration of the population from the mountainous parts of the basin
towards the urban centers had the consequence that a large percentage of agricultural area
was abandoned and, over time, became overgrown with spontaneous vegetation. The
results revealed that the greatest impact of land-use changes between 1961 and 2011 was a
reduction in arable land, as an individual and social response to economic conditions during
the research period. The loss of agricultural land was the main feature of the deagrarization
process, and the most intensive decrease in the structure of the land fund was recorded in
arable land. In general, during the study period, the number of inhabitants decreased by
an average of 0.87% per year, while agricultural land decreased by 1.2% and arable land
decreased by about 1% per year. The highest deagrarization index was characteristic of the
settlements that had the highest depopulation (reduction of agricultural land and arable
land of 85% and 89%, respectively). The continuous decrease of agricultural land was also
typical in settlements with a relatively stable or slight increase in the number of inhabitants,
where the loss of land fund averaged 42% for agricultural land and 28% for arable land.

The observed agriculture land abandonment resulted in a reduction in soil erosion,
which led to a reduction in the transport of suspended sediment in the river. The results
of sediment rating curves for the five distinct time periods showed a decrease of the
regression coefficients a, indicating a decrease in the supply of sediments from the main
source to the river channel. Furthermore, the results of the correlation matrix (significant
at p < 0.05), between anthropogenic indicators and sediment parameters, showed high
correlation coefficients, ranging from 0.94 to 0.97. It can be concluded that the decreases of
rural population, agricultural land, and arable land were directly related to the decline of
suspended sediment.

This research can serve as a basis for integrated basin management. In the initial
phase of implementation of this concept, it is necessary to identify specific problems in
the basin and to enable reliable and timely action of the population. The results of this
interdisciplinary approach to the study of the dynamics of suspended sediment can be
used to solve problems in the economic, social, agricultural, and environmental spheres,
with the clearly defined task of sustainable development of the area. This not only enables
the realization of long-term environmental goals at higher levels but, at the same time,
ensures the existence of the rural population, which largely depends on the sustainability
of land and water resources.
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44. Gavrilović, L.J.; Milanović-Pešić, A.; Urošev, M. A hydrological analysis of the greatest floods in Serbia in the 1960–2010 period.

Carpath. J. Earth Environ. Sci. 2012, 7, 107–116.
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