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Abstract: It is necessary to harmonize the needs of society in terms of agricultural production and land
protection from various forms of degradation throughout sustainable land management. Assessing
the justification of investment in sustainable management of land resources is an important step in
this process. Consequently, an analysis of soil erosion risk was carried out in the suburban area of the
morphological unit of the Barička river watershed, using the Revised Universal Soil Loss Equation
(RUSLE) method, with the existing and projected structure of agricultural production according to the
Future Agricultural Production Structure Model from the Aspect of Preserving Land Resources for
Mountain Catchment Areas of Serbia (FAPSMS). The value of the existing and projected production
structure from an economic aspect was also examined using dynamic economic methods. In order to
assess the risk and uncertainty of investments, a sensitive analysis of dynamic methods was carried
out. The results show that soil erosion losses are already below tolerance values with the existing
production structure and that they could be reduced even more by applying the designed structure.
Economic indicators show that the investment is justified and that it is more sensitive to changes
in income.

Keywords: sustainable management; soil erosion; soil conservation; RUSLE model; model of future
production; economic analysis

1. Introduction

Soil resources are unevenly distributed in different biomes and geographical re-
gions [1]. Areas with highly productive soils in favorable climates are limited due to
high population density and are already under crops, pastures, forests and energy planta-
tions. Soil is the basis of any agricultural production, but the area of arable soil per capita is
constantly decreasing. One third of the world’s arable soil has been lost in the last 40 years,
mainly due to erosion and pollution [2]. In order to enable the production of healthy and
safe food for an increasingly large population, which is one of the biggest challenges today,
it is necessary to ensure and preserve soil fertility [3]. Apart from this basic one, other
numerous roles, functions and ecosystem services provided by soil are known today, such
as water storage and filtration, biodiversity preservation, carbon sequestration and storage,
adaptation and mitigation of climate change, which are either limited or stimulated by
human activities [4] (Günal et al., 2015). Water erosion is one of the main contributors
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to desertification, loss of organic matter, biodiversity, and flooding, while also affecting
other factors [5]. Erosion control is one of the most prominent options for the mitigation of
agriculture emissions [6].

On the other hand, the risk of degradation of both soil and the environment increases
year by year, which has significant negative effects on the provision of its ecosystem services
and functions. In addition, most soils are prone to degradation due to misuse and poor
management. Anthropogenic impacts that lead to soil degradation are most often caused
by greed, short-sightedness and poor planning motivated by quick economic profit, in the
case of large agricultural companies, but also by the poverty and helplessness of small
farmers. Some agricultural practices that are beneficial for individuals can cause soil erosion,
carbon emissions, biodiversity loss, and can have many other negative ecological effects
on local and global scales [7]; meanwhile, conservational agricultural techniques are often
overlooked, even though they are beneficial from both the environmental and economic
point of view [8]. In this sense, environmental awareness is of great importance, along with
the maintenance of a certain socio-economic level of the rural population that enables the
continuous application of sustainable soil management measures [4]. Exploring long-term
socioeconomic environmental paths validates the benefits of sustainable management
approaches in dealing with the predicted market and environmental challenges caused by
soil erosion [9].

Soil erosion is a critical environmental problem that inflicts multiple, serious damages
in managed ecosystems such as crops, pastures, or forests, as well as in natural ecosys-
tems [10]. Upland soil erosion leads to a great number of on-site and off-site problems [11].
The intensification of erosion processes leads to loss of fertility due to the removal of the
most fertile soil particles, as well as many other negative effects on soil functions [12], as
it is one of the dominant forms of soil degradation, especially in developing countries.
Sun and Huang (2022) also used the particle discrete element method (PDEM) to simulate
geo-materials, such as rock and soil, and to obtain stress and strain to improve the solving
of such a problem [13]. Soil degradation is one of the most severe socioeconomic and
environmental problems threatening our survival and well-being, mainly when it comes to
food security and safety [14]. Over time, this leads to the devastation of the environment as
a whole, and from an economic point of view, it results in a decrease in yields, and thus in
farm income in the long term.

In order to fully unlock soil potentials, it is necessary to turn to sustainable soil
management systems. Sustainable soil management is the “correct” way of using soil. The
development of modern society is focused on sustainability, which was defined by the
Brutland Commission as “meeting current human needs without compromising the needs
of future generations” [15]. Bearing in mind that the global population has increased by
almost three billion people since the Brutland Commission, and that number is continuously
growing, it is clear that respecting this principle today represents a much greater challenge.
On the other hand, a large amount of research, as well as many other advantages of
the modern world have created the conditions to approach this challenge strategically,
systematically, planned to be economically profitable at all levels, from local to global [16].
The international scientific community defined the principles and goals of sustainable
development (SDG) that were adopted by all member states of the United Nations [17],
from which numerous strategies, policies and recommendations arose. The Goal 15 of
SDGs, “Life on Earth,” unequivocally positions soil conservation as a resource among the
leading global priorities when it comes to sustainability. The environment and soil, which
is its basic element, represent the basis of life on earth and are recognized as such within
the framework of other SDGs.

Today, various models of sustainable soil management are being applied in the world.
They are aimed at adequate activities in preventing the destruction by erosion of the soil
through adequate processing methods, with appropriate yields and positive economic
effects of such production [18]. For example, many structural and vegetative soil conserva-
tion measures such as terraces, stone bunds, soil bunds, herbaceous or woody plants used
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as reinforcement are proven to be effective as erosion control measures if used properly [19].
The importance of implementing a comprehensive soil conservation management plan to
reduce soil losses due to water erosion should also be emphasized [20]. Conservation of
soil on sloped terrains is of great importance, especially having in mind that mountain
soils are home to 25% of all terrestrial biodiversity, including agrobiodiversity [21]. Sustain-
able agricultural management needs to account for site specific characteristics, including
topographic factors and coexisting biotopes [22].

Soil erosion is very widespread in Serbia. More than 86% of Serbia’s surface is affected
by erosion of different intensities. The soil erosion endangerment of the research area of
the Barička rivndengerment er basin—determined using Gavrilović’s erosion potential
method, which is successfully applied in our region [23]—showed that the erosion potential
coefficient has values between Z = 0.25 and Z = 0.65, with the mean value of Zmn = 0.56,
which places it in the III category (medium erosion) of endangerment [24]. It depends
on a large number of physical-geographical and anthropogenic factors. Some primary
factors that have the greatest influence are shown, such as: relief, climate, geological
composition, vegetation cover, soil use and management [25]. Erosion processes in Serbia
became more intense during the middle of the twentieth century, when the industrialization
and development of the country’s economy took place. Agriculture and animal husbandry
in rural areas were intensified, as was the process of urbanization along with an increase
in the number of inhabitants. The trend of people leaving rural households and moving
to cities increased during the second half of the twentieth century until today. That led
to a change in soil use so that the areas under meadows, orchards and vineyards were
increased at the expense of areas under arable soils and pastures [25]. As a final result,
the intensity of erosion processes in rural areas of Serbia has decreased. Unfortunately, no
matter how beneficial it is from the aspect of soil conservation, it is not a consequence of
strategical, planned and sustainable soil management. This shows the lack of awareness of
the importance of soil as a primary natural resource, as well as the lack of an adequate soil
preservation strategy [18]. Therefore, the identification of processes, practices and policies
for sustainable soil management is more important now than ever before [1].

The sustainable management of soil resources should be the goal of every country
in the world; in the Republic of Serbia, specifically, legislation covers a large number of
aspects of the conservation of soil as a resource. In addition to the application of the law,
it is also necessary to provide incentives for the implementation of “good” practices that
are in accordance with the strategies, guidelines and criteria prescribed by the interna-
tional scientific community. The National Rural Development Program of the Republic
of Serbia for the period 2022–2024 foresees economic incentives for the implementation
of measures that contribute to the achievement of the goals defined by the program. The
program envisages financial support from the IPARD (Instrument for Pre-Accession in
Rural Development) program, and also from the local self-government support programs
for sustainable soil use in agriculture and forestry, which include anti-erosion measures,
among others [26]. These incentives are extremely important since the economic factor is
the one that decisively influences the decision-making on the way soil is used, from the
point of view of agricultural producers. The cost of taking action against land degradation
is much lower than the cost of inaction, which should be a strong incentive for taking
action against land degradation [27]. The profitability of sustainable systems is the first
prerequisite for their implementation. In this regard, it is necessary to conduct as many re-
search and case studies as possible, from an economic point of view, at every level—locally,
regionally and globally—in order to spread awareness and promote these systems, which
will potentially result in their wider application. Moreover, economic well-being leads to
decisions correctly in favor of conserving landscapes [28].

The aim of this study is to determine the ecological, i.e., the change in soil erosion
risk, and the economic effects of the application of the future production structure model,
and to evaluate the justification of investments in anti-erosion works based on economic
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parameters and the possibility of making a profit from these works in the area of the
morphological unit of the Barička river in Serbia.

2. Materials and Methods
2.1. Study Area

The Barička river watershed is located on the territory of Belgrade, Republic of Serbia,
at the south of the municipality of Čukarica and north-east of the municipality of Obrenovac
(44.648516, 20.344199) (Figure 1). The study area (morphological unit) was established with
nine plots, eight of which were positioned within the watershed, while one plot was outside
the watershed. The plots were established according to the erosion predisposition factors,
land cover and hydrological factors in order to analyze it with ease and precision [24]
(Figure 1).
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Figure 1. Location of the Barička river watershed and the morphological unit with plot numbers and
the elevation map [29,30].

The area of the watershed is 26.96 km2, and the area of the morphological unit is
11.28 km2. The length of the Barička river is 12.90 km, of which 4.53 km passes through
the studied area. The area can be characterized as hilly, with the lowest point of the
morphological unit at 114 m above sea level (ASL), and the highest at 257 m ASL, while the
mean altitude is 180.21 m ASL. The medium altitude difference is 66.21 m, while the mean
slope of terrain is 10.06%.
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The morphological unit should be marked as an erosion prone area because of sedi-
ment production and the danger of landslides; it should be managed accordingly. Accord-
ing to the geological map (https://geoliss.mre.gov.rs/karte/geo300.html (accessed on 15
January 2023)), the morphological unit of the Barička river is composed of complex lake
sediments. There are two types of these heterogeneous deposits: the first series of river and
river-lake deposits is represented with gravelly and sandy sediments; the second series
is made of clay and sand which belong to lake environments. Overall, only sedimentary
rocks, specifically fine to coarse grained clastic rocks and carbonaceous rocks can be found
on the site. From the aspect of pedology, the most common types of soil in the study area
are Eutric Cambisols and Vertisols [31].

Given that the study area is located on the territory of Belgrade, climate characteristics
for the Belgrade area were regarded for the period 1991–2015. In short, Belgrade has a
temperate continental climate with four distinct seasons. January is the coldest month, with
an average temperature −0.7 ◦C, while the mean annual temperature is 13.2 ◦C. Spring is
short and rainy, and summer is fast approaching. Autumn is longer than spring, with longer
sunny and warm periods, while winter is not so harsh. The mean relative air humidity is
69.5%, while the mean annual precipitation is 710.79 mm; May and June are the months
with most rainfall [32].

2.2. Data

Data used for the definition of parameters that have been used in the RUSLE model and
tolerable values of mean annual soil loss were obtained from meteorology year books of the
Republic Hydrometeorological Service of Serbia for a Belgrade-Observatory meteorological
station, for the period 1991–2015, and study of [24]:

- geographic location and area;
- number of plots that make up research area;
- values of soil erodibility factor;
- plots slope rate and length;
- vegetation cover and active anti-erosion measures; and
- soil depth.

The discount rate was obtained from the official reports of the discount rate, provided
by the World bank, for Serbia and Eastern Europe countries, for the objective period [33].

Data on the detailed structure of current agricultural production in the research area
was obtained from the statistical report from the RZS webpage [34].

All necessary cost values were taken from the Ministry of Agriculture of Serbia’s
official website for the costs of agricultural goods [35].

2.3. Soil Erosion Assessment

The Revised Universal Soil Loss Equation (RUSLE) method was used to quantify the
erosion processes [36–39] by obtaining the mean annual soil losses due to erosion per unit
area (Equation (1)).

A = R·K·LS·C·P (1)

A—average annual soil loss (t ha−1 year−1);
R—rainfall-runoff erosivity factor (MJ mm h−1 ha−1 year−1);
K—soil erodibility factor (t ha h−1 ha−1 MJ−1 mm−1);
LS—topographic factor—slope length (L) and slope gradient (S) (/);
C—vegetation cover factor (/);
P—anti-erosion practices (/).
Average annual precipitations data were used to calculate the R factor in the afore-

mentioned period (1991–2015), due to the lack of thirty-minute precipitation data values.
The value of the R factor was determined by the Van der Knijff method [40] (Equation (2)).

R = b0·Pm (2)

https://geoliss.mre.gov.rs/karte/geo300.html
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R—rainfall-runoff erosivity factor (MJ mm h−1 ha−1 year−1);
b0—empirical coefficient, ranges from 1.1–1.5 (MJ h−1 ha−1 year−1);
Pm—mean annual precipitation on a representative meteorological station (mm).
The values of the K factor were taken from the study of [24]. The values were deter-

mined after defining the physical properties of soil: particle size analysis, structure, water
permeability and the organic matter content, using the Wischmeier & Smithnomograph [36].

The values of LS, C and P factors were determined based on the data about length
and slope, type of vegetation cover, and the type of active anti-erosion measures for each
individual plot of the morphological unit that were described in the study [24]. The lengths
of the slopes are 260–960 m, while the slope grades are 6.11–13.57%.

The topographic factor LS was determined using the equation of Wischmeier and
Smith [36] (Equation (3)).

L ·S =

(
X

22.13

)m
·
(

0.065 + 0.45 ·s + 0.0065 ·s2
)

(3)

L—slope length factor (/);
X—slope length in meters (m);
m—exponent whose value is in the function of the slope (0.5 for the slopes >5%, 0.3

for the slopes 3–5% and 0 for the slopes <1%) (/);
S—slope factor (/);
s—slope rate (%).
Vegetation cover factor C was defined based on the values suggested by Wischmeier

and Smith [41]. The mean value of C was calculated for each plot.
The P value depends on the applied anti-erosion measures. The P value was deter-

mined by the Wischmeier and Smith method [36].
Tolerable values of mean annual soil loss were calculated based on the defined soil

depths within the plots, using the Wischmeier method [24,36]. Tolerable soil loss represents
the amount of soil that is equal to the annual soil production of soil in pedogenetic pro-
cesses [42]. Based on the relation of erosion loss and tolerable soil losses, the Erosion Risk
Index was calculated [36] (Equation (4)):

Ei = A/Gp (4)

A—annual soil loss (kg/m2/year);
Gp—tolerable soil losses by Wischmeier (1978) (kg m−2 year−1).

2.4. FAPSMS Model

This model of future agricultural production from the aspect of preserving land
resources is based on previous work by Sheng [43]. His scheme of soil use classes according
to the soil depth and slope rate can be used for smaller watersheds in hilly areas with
the forest-pasture-arable land use model, so it is adaptable to conditions in Serbia [44].
The model is based on the structure of future production, depending on the slope, the
degree of soil endangerment by the process of erosion and the needs of the population
in the research area, where losses should be below the tolerance limits. Professor Zlatić
has modified and adapted the model for its use in Serbia [25] as the Future Agricultural
Production Structure Model from the Aspect of Preserving Land Resources for Mountain
Catchment Areas of Serbia. The FAPSMS model is based on the erosion soil loss assessment,
which is calculated using the RUSLE; more specifically, it is based on the Erosion Risk
Index and the slope rate. Further, on the areas with given slopes and the Erosion Risk
Index, corresponding plant culture production is designed with the aims of the reduction
of soil losses, meeting the needs of the population and, in the end, the maximization of
profit. Possible limitations of the model are its limitation of applicability in regions that are
climatically and orographically different from the ones found in Serbia.
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Per this method, the areas under forest vegetation, bare lands and some others are not
subjected to the change of land management; only the agricultural areas, such as fields,
gardens, orchards, vineyards, meadows, pastures, ponds, reeds and marshes are (Table 1).
With the increase in the degree of danger and slope, the areas under orchards increase,
while the areas under crop rotation containing row crops, grain and grass formations
increase.

Table 1. FAPSMS model [25].

Soil Erosion Risk Index

Name No Risk Low Risk Medium Risk High Risk Very High Risk

Category I II III IV V
Value <1.00 1.01–2.00 2.01–7.00 7.01–28.00 >28.00

Sl
op

e
(◦

)

0–4

A
re

a
(h

a)

CR1 + O CR5 + O CR9 + O O P
4–6 CR2 + O CR6 + O CR10 + O O + P P

6–12 CR3 + OT CR7 + OST CR11 + OST P P
12–18 CR4 ∨ OT CR8 ∨ OT CR12 ∨ OT OT P
18–25 OT OT ∨ P P P P ∨ F

Note: CR—anti-erosion crop rotation, O—orchards, OST—orchard with self-terracing, OT—orchard on terraces,
P—pasture, F—Forest.

The detailed structure of current agricultural production in the area of the studied mor-
phological unit was determined based on the statistical report from the RZS webpage [34].

2.5. Economic Assessment

The methodological approach to price selection is the first step in assessing the eco-
nomic effects of the future production structure model. All necessary cost values were
taken from the official website of the Ministry of Agriculture of Serbia for the costs of
agricultural goods [35]. The average value of RSD was used in the equations, taking into
account inflation and currency fluctuations. The average value of RSD for one Euro in the
year 2017 was 124.

The quantification of incomes and expenses was based on the calculations of unit
prices for building the orchards and for the regular production. Calculations were carried
out for corn, sunflower, soy, wheat, oat, lucerne, grasses mixture, apple, pear, peach, apricot,
plum, cherries, raspberry, blackberry and walnut. The calculation of unit prices for building
an orchard included soil preparation, planting and nursing values, while the calculation
of unit prices for regular production included material consumption, production service,
amortization, premium costs and insurance cost. An economic assessment was also carried
out for the projected production structure in the form of calculations of unit prices for
anti-erosion measures plus the residual value of production within the species where the
profitable production period exceeds fifteen years (Equation (5)).

Rv = (n− 15)·As·Vp (5)

Rv—residual value;
n—profitable length of production (years);
As—amortization rate (%);
Vp—production value (EUR).
Dynamic methods for the estimation of the economic effectivity of the existing and

projected production were used, such as Internal Rate of Return (IRR), Repayment of
the Invested Funds (RIF), Cost-Benefit Ratio (CBR) and Net Present Value (NPV). All of
these methods use the same input values and the same equations, but each time, different
relationships between the data are calculated, and therefore, results could be evaluated
from different perspectives [25]. Necessary data for these calculations: investment costs,
investment benefits, interest rate and useful life of the investment (number of years). The
logic in economic assessment analysis is in comparing the costs and benefits from the
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investments. If the benefit from the investment is enough to cover its costs, then the
investment is effective from the economic point of view [45].

IRR is mathematically defined as the interest rate that equates the present worth of
a series of cash flows to zero. It is being used as a measure for project efficiency and its
evaluation [46] (Equation (6)).

∑n
t=1

bn

rn = ∑n
t=1

an

rn (6)

b—yearly investment benefit;
a—investment expenses (without the amortization of investment facilities);
r—interest factor (r = 1 + pi/100);
pi—discount rate, real calculative interest rate (12%);
n—duration of the investment.
The economic validity of the investment into agricultural production is determined by

comparison of IRR with the discount rate. The discount rate for our region is 12% [18,44,47,48].
We have also found and considered the official values of the discount rates for Serbia and
Eastern Europe countries, for the objective period, that World bank has provided [31]).

RIF represents the time needed for the return of the invested capital and it is calculated
from the same equation as the IRR. In order for the investment to be rentable, it has to
repay itself before its useful life expires.

CBR represents the relation between the sums of the annual benefits and costs of the
investment, and it can indicate profitability of the investment. If the ratio value is greater
than 1, the investment is considered to be profitable [45] (Equation (7)).

∑n
t=1

bn
rn

∑n
t=1

an
rn
≥ 1.00 (7)

“NPV is determined by discounting all arising cash flows (at some internal rate of
return) to the start time of the project. As such, the NPV can be regarded as the ‘cash
equivalent’ of undertaking the project and can be used for measuring project’s financial
benefit” [49] (Equation (8)).

∑n
t=1

bn

rn −∑n
t=1

an

rn = 0 (8)

The total accumulation of the investment represents the amount of available funds
that can be further implemented into new projects. Investment is profitable if the NPV is
above zero. If NPV equals zero, investment is on the edge of profitability and implies that
a sensitivity analysis should be done. This method may not be of major interest for the
investors, but it is significant for the community [45].

The risk assessment and uncertainty of investment method used in this paper includes
a sensitivity analysis of IRR and RIF for the cases when the values of investment, income
and expenses change [44].

3. Results
3.1. Ecological Effects of the FAPSMS Model

The ecological effect of the FAPSMS model refers to a soil erosion assessment using
the RUSLE model for all nine plots of the Barička river morphological unit. Tolerable
values of mean annual soil losses were obtained from the study of [24], based on the
defined soil depths within the plots according to the Wischmeier method [36]. Its value
for a research area is 10.61 t ha−1 year−1, with a range of values for different plots of
7.90–13.00 t ha−1 year−1.

Rainfall-runoff factor R was calculated based on the data from the meteorology year
books of the Republic Hydrometeorological Service of Serbia. It provides data on the kinetic
energy that is released on the researched area when the raindrops hit the soil. The mean
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annual amount of rainfall for the period 1991–2015 was 710.79 mm. Using the Van der
Knijff [38] equation and the b0 latitude correction coefficient of 1.3 for the study area, the
calculated value of the factor R was 924.03 MJ mm h−1 ha−1 year−1 for every plot.

The topographic factor LS represents factors that quantify the influence of the length
and slope rate of the slopes on soil erosion. With the increase in the length and slope rate
of the slope, the intensity of the erosion process increases. The slope rate was relatively
uniform for different plots in a range of 8.53–12.56%, while the mean values of slope length
occurred in a relatively wide range of 70–1040 m. Accordingly, values of the topographic
factor LS fluctuated for different plots 0.12–0.47, with the mean value of 0.34 for the whole
morphological unit. The values of factor R and LS are the same for existing and projected
agricultural production, considering them constant.

The range of values of the vegetation cover factor C for the existing and projected
production structure on different plots was 0.47–0.70 and 0.25–0.29, respectively, with
mean values for the whole research area of 0.53 and 0.26, respectively. The values of the
C factor for an existing production structure are bigger than the values for a projected
structure due to inadequate choice of agricultural production on different plots, reducing
the ability of vegetation cover to protect the soil from erosion. However, the application of
projected production proposed by the FAPSMS model would establish better soil protection
regarding to soil erosion.

The values of the anti-erosion practices factor P for the existing and projected pro-
duction structure of different plots was 0.85–1.00 and 0.25–0.45, respectively, with a mean
value for the whole research area of 0.89 and 0.33, respectively. The values of the P factor
for an existing production are relatively high. The reason is that the existence of any
anti-erosion measures was hardly observed in the researched area. Establishing crop ro-
tation and orchards with terraces proposed by the FAPSMS model, the values of factor P
would be significantly reduced, contributing to the reduction of soil erosion losses in the
research area.

The calculated average annual soil losses A within the existing production structure are
below tolerant values for each of the nine plots, within the range of 1.22–7.11 t ha−1 year−1,
and with a mean value of 3.80 t ha−1 year−1 for the whole research area. Reducing
the values of C and P factors by application of the FAPSMS model, the average an-
nual soil loss value was reduced almost six times to the average annual soil loss value
of 0.67 t ha−1 year−1, with a values range of 0.24–1.01 t ha−1 year−1 for different plots
(Figure 2).
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Based on the ratio of annual average soil losses and tolerant soil losses, erosion risk
categories were determined for all nine plots. Considering that erosion risk values are below
1 for both existing and projected production structures, soil is classified in the category I
No Risk of erosion (Table 2, colored green).

Table 2. FAPSMS model [25] applied on the Barička river morphological unit.

Soil Erosion Risk Index
Name No Risk Low Risk Medium Risk High Risk Very High Risk

Category I II III IV V
Value <1.00 1.01–2.00 2.01–7.00 7.01–28.00 >28.00

Sl
op

e
(◦

)

0–4

A
re

a
(h

a)

CR1 + O CR5 + O CR9 + O O P
4–6 CR2 + O CR6 + O CR10 + O O + P P

6–12 CR3 + OT CR7 + OST CR11 + OST P P
12–18 CR4 ∨ OT CR8 ∨ OT CR12 ∨ OT OT P
18–25 OT OT ∨ P P P P ∨ F
>25 P P F F F

Note: CR—anti-erosion crop rotation, O—orchards, OST—orchard with self-terracing, OT—orchard on terraces,
P—pasture, F—Forest.

Regarding the obtained levels of the erosion risk of existing agricultural production
and slope rate for different plots, a proposed agricultural production structure using the
FAPSMS model would imply the application of anti-erosion crop rotation and orchards for
slope rates under 6◦, and anti-erosion crop rotation and orchard on terraces for slope rates
of 6–12◦.

Considering that factors C and P are only changing in a RUSLE equation for existing
and projected agricultural production, the effect of applying the FAPSMS model on the
research area is expressed through the modification of vegetation cover and the modification
or implementation of anti-erosion practices. The detailed change of the existing structure
of production by applying the FAPSMS model on the area of the morphological unit of
the Barička river is given in Figure 3. It predicts changes of the production structure;
specifically, increases of arable land and orchards of 16.53% and 421.26%, respectively, at
the expense of areas under meadows, pastures and vineyards, which decrease 35.36% and
100%, respectively, while the areas under the forests and other uses are kept the same. The
very structure of the products within the main groups is also changed in accordance to
the FAPSMS model propositions. Thus, the areas under wheat, soy and sunflower are
increased 28.59, 762.71 and 584.8%, respectively, while the areas under oath and corn are
reduced 6.35 and 7.66%, respectively. Given that the area under meadows ise reduced,
areas under Lucerne and grassed mixture are also reduced 39.68 and 32.16%, respectively.
When it comes to orchards, the areas under cherry, sour cherry, plum, walnut, raspberry
and blackberry are eliminated, while the areas under apple, peach, pear and apricot are
increased by 1194.94, 4394.77, 809.39 and 431.78%, respectively.

3.2. Economic Effects of Using the FAPSMS Model

Based on the calculations of unit prices for building orchards, the calculations of
regular production and the calculations of unit prices of proposed anti-erosion measures,
incomes and expenses were quantified in the case of the existing and future production
structure (Figure 4).
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Sustainability 2023, 15, x FOR PEER REVIEW 12 of 17 
 

years, while for the walnut it is 50 years. The residual value was added onto the value on 

the 15th year. Investment expenses for the already-established production structure in-

clude the expenses of production, and are significantly lower than investment expenses of 

the projected production structure, which also include the expenses regarding the estab-

lishment of the production and application of anti-erosion measures. 

The value of the existing agricultural production structure is greater than expendi-

tures by 19.45%, while the value of the projected agricultural production is lower in the first 

few years, but after the 7th year it surpasses the expenditures value by 128.49% (Figure 4). 

 

Figure 4. Incomes and expenses for the cases of existing and future agricultural production struc-

tures after the application of FAPSMS model (production value is expressed in RSD). 

The evaluation of the economic effects is shown through the dynamic methods re-

sults, IRR, RIF, CBR and NPV. IRR is 28.23%, and it is higher than the interest rate for the 

countries of Eastern Europe, which is 12% [4]. This means that on each EUR 100 invested, 

the revenue is EUR 16.23 (Figure 5a). RIF is 7 years, which is a time period more than two 

times shorter than the “useful lifetime” of the system, which is 15 years (Figure 5b). CBR 

is 1.487, meaning that for each euro invested there is a revenue of EUR 0.487 (Figure 6a). 

Finally, NPV is EUR 2,716,259.25 (Figure 6b), which indicates that the future investments 

in the production systems are justified, along with three other economic indicators. 

 

Figure 5. Economic effects evaluation of applied measures through dynamic methods IRR (a), RIF 

(b). Note: currency is RSD, Dinar of the Republic of Serbia. 

Figure 4. Incomes and expenses for the cases of existing and future agricultural production structures
after the application of FAPSMS model (production value is expressed in RSD).

The quantification of incomes and expenses in the study area is expressed through
suggested conservation measures, the estimation of present production lines and making
new production lines. In the first two years, orchards have neither fruits nor income.
Income starts in the third year, but it is significantly lower than in full yield in the sixth
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or seventh year. With that in mind, apples and pears would not bear fruits during the
first two years, would yield around 40% in the third year, in fourth 75% in the fourth, 85%
the fifth, 95% in the sixth, and would be expected to yield 100% between the seventh and
fifteenth years. Apricot, peach, plum and cherries also do not have fruits in the first two
years, and the expected yield is around 40% in the third year, 80% in the fourth, 90% in
the fifth, and 100% between the sixth and fifteenth years. Raspberry and blackberry have
a five-year production cycle, which means that within a designed model of fifteen years,
their production cycle would be repeated three times. These berries also do not have fruits
in the first year, but in the second year, the yield is already 90%, and in the last three years
of the cycle it is at 100%. Walnut does not have fruits in the first four years; in the fifth, the
expected yield is around 30%, in the sixth it is 70%, in the seventh it is 80%, in the eighth it
is 90% and from the ninth year on 100% yield is expected.

When calculating the values for the projected production structure, the residual value
was added for the cultures where the profitable length of the production cycle is longer
than 15 years. For apples and pears, the profitable length of the production cycle is 25 years,
while for the walnut it is 50 years. The residual value was added onto the value on the
15th year. Investment expenses for the already-established production structure include
the expenses of production, and are significantly lower than investment expenses of the
projected production structure, which also include the expenses regarding the establishment
of the production and application of anti-erosion measures.

The value of the existing agricultural production structure is greater than expenditures
by 19.45%, while the value of the projected agricultural production is lower in the first few
years, but after the 7th year it surpasses the expenditures value by 128.49% (Figure 4).

The evaluation of the economic effects is shown through the dynamic methods results,
IRR, RIF, CBR and NPV. IRR is 28.23%, and it is higher than the interest rate for the countries
of Eastern Europe, which is 12% [4]. This means that on each EUR 100 invested, the revenue
is EUR 16.23 (Figure 5a). RIF is 7 years, which is a time period more than two times
shorter than the “useful lifetime” of the system, which is 15 years (Figure 5b). CBR is 1.487,
meaning that for each euro invested there is a revenue of EUR 0.487 (Figure 6a). Finally,
NPV is EUR 2,716,259.25 (Figure 6b), which indicates that the future investments in the
production systems are justified, along with three other economic indicators.
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The evaluation of the economic effectiveness of investments using dynamic methods
is based on safe and stable elements. They are calculated for some future time, so the
investment evaluation needs to be done and it needs to include uncertainties. The causes
of investment uncertainties are most often the result of changed factors that determine the
internal rate of return, and other dynamic method factors: initial issuance for investment,
changes in annual expenses which arise due to natural expenses and changes in the prices
of materials consumed in production, changes in use of investments that arise due to the
decline of natural conditions and changes in prices, and changes of obligations towards the
social community. Testing the capacity to generate income from the project was carried out
by sensitivity analysis, assuming that the necessary changes to the initial conditions have
been made. It is based on the changes of annual incomes and expenses.

IRR sensitivity analysis results show that the maximum allowed decrease in incomes
is 32.73%, in which case IRR would fall to 12%. On the other hand, expenses could increase
to a maximum of 48.65%, which means that IRR is more sensitive to changes in income
(Figure 7a). RIF sensitivity analysis results show that the highest possible decrease in
incomes can be 32.73%, and highest possible increase of expenses can be 48.65%, in order
for the repayment time to be fifteen years, which is the lifetime of production system. With
this in mind, it can be said that RIF is more sensitive to the changes in incomes (Figure 7b).
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4. Discussion

The existing production structure at the Barička river morphological unit is a result of
long-term investment of individual farms in agricultural production in accordance with
their needs and resources. However, some authors pointed out the importance of choosing
the right crop on slopes for the prevention of soil loss [50]. Sustainable land use implies
minimizing soil loss, while establishing production that will be economically effective. It
is based on the preservation of land resources and production planning that will have
positive effects.

An analysis of soil endangerment, in terms of soil erosion induced by rainfalls in the
research area, is conducted by using the RUSLE method on nine plots that were established
according to the erosion predisposition factors, land cover and hydrological factors. Such
an approach enables us to accurately and realistically analyze the vulnerability of the area
regarding soil erosion. The analysis showed that none of the plots and, therefore, none of
the study area was threatened by soil erosion. However, existing soil erosion has reduced
many times over after applying the FAPSMS model as a direct consequence of vegetation
cover and anti-erosion practice changes. The application of the FAPSMS model, besides the
introduction and elimination of some plant cultures, leads to the redistribution of existing
plant cultures, at the same time improving the economic potential of the production
structure. Therefore, less profitable cultures of pastures, vineyards, agriculture under
cereals, meadows and orchards are replaced with some other cultures of cereals and
orchards, maximizing the economic income and profit of the studied area.

Although the projected production structure needs some time to reach its full potential,
quantifying incomes and expenses and evaluating the economic effects through dynamic
methods gave positive results. Positive revenue and projected production structure payout
in a time twice shorter than its lifetime indicate the justification of such investment. The
FAPSMS model application obtained positive results for the researched area, but model
adjustments and changes in terms of some production lines’ representation are still possible;
this would increase the positive effects of its application, while at the same time reducing
the risks brought by agricultural production, both from an ecological and an economical
point of view. Such a model concept allows considerable flexibility and gives it breadth
with the possibility of its application in different climatic conditions.

Considering that this economic analysis is for a multi-year period, the calculation
is subject to changes due to many potential variables, such as climate change, market
prices or policy interventions that could have tremendous impacts on the research area,
specifically its ecologic and economic conditions. Given that the long-term climate scenario
for our region indicates that we are moving towards a drier climate, we can expect bigger
expanses needed for irrigation within regular agricultural production, and changing the
production structure towards agricultural crops more resistant to drought. There are also
new regulations and policies that Serbia adopted in the process of inclusion in the European
Union that should have beneficial impacts on an economic aspect of agricultural production.
We are witnessing that global macro politics has a great influence on the prices of products
and services in the world, changing the price of others. In an attempt to provide some
insight into the sensitivity of the change of annual incomes and expenses, we conducted
sensitivity analyses that showed certain resilience to a possible macro economy change.

The implementation of the necessary anti-erosion works and measures such as the
construction of terraces for orchards and the raising of new fruit plantations requires the
engagement of a new workforce, which would also achieve a certain social justification. It
should also be emphasized The immeasurable effects of the model application should also
be emphasized; they include the defense of natural resources from degradation, as well as
contributions to the regulation of the water regime and the fight against drought.

In summary, the implementation of projected production could have significant posi-
tive economical and environmental effects which would contribute to the achievement of
sustainable development goals on the farm scale. Specifically, greater farm incomes and em-
ployment directly refer to goals 1—No poverty, and 8—Decent work and economic growth.
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An increase in yield refers to goal 2—Zero hunger. The implementation of anti-erosion
measures refers to goals 12—Responsible consumption and production, 13—Climate action,
and 15—Life on land through its positive environmental effects such as the reduction of
carbon emissions from degraded soils and biodiversity preservation.

5. Conclusions

The differences in the intensity of soil loss in existing and projected productions are
directly dependent on the vegetation cover and applied anti-erosion measures. The mean
value of soil loss within the regular production structure does not exceed tolerable values
and, therefore, investment is not justified in that way. However, this study showed that
applying the FAPSMS model for soil conservation in the areas designated for agricultural
production is economically beneficial for the local population. Although there is an eco-
nomical gain from the existing production system, the benefits of changing the production
system by applying the FAPSMS model exceed the existing economic gain multiple times.
The initial investment repays in the 7th year, while reducing the production pressure and
conserving the soil resource for the future generations, showing a certain rate of resilience
to possible market fluctuations.

Bearing in mind that the main motive for the implementation of conservation measures
among agricultural producers is economic profit, such studies are significant as a tool
for their promotion. Emphasizing the economic benefits of applying these measures
and presenting the results of such studies through producer education programs raise
the awareness of individuals and will eventually lead to their widespread application.
That is why it is necessary to conduct a large number of studies in different regions and
environmental conditions. The ecological and economic benefits of the implementation
of conservation measures are in line with the goals of sustainable development that are
pursued by modern society and promoted by the international community
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44. Todosijević, M. Ecological and Economic Effects of Sustainable Management of Land Resources in the Mountainous Area of the
Municipality of Ljubovija. Ph.D. Thesis, Faculty of Forestry, University of Belgrade, Belgrade, Serbia, 2012.
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