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Abstract
The present study aims to estimate average erosion and investigate spatial distribution of soil loss as well as the
calculation of the amount of removed soil in the period between 2000 and 2018. In order to be achieved soil erosion
potential and sediment yield in Mitrovica region (Kosova), Erosion Potential Model (EPM) also known as Gavrilovic
method has been implemented, as the most used model in our region. The EPM is a quantitative method of estimation
soil loss. An approach of Geographic Information System (GIS) and Remote Sensing (RS) have been presented and
demonstrated in the present study. The model was implemented in two time series, annually. The input data such as
climate parameters (precipitation and temperature) as well as other parameters (geology, topography, land cover) have
been collected and recorded from different local and freely available datasets. Unaviable or unreliable data necessary
for the model are calculated within the software procedure. Because of the lack of input data according the
requirements of the model, the necessary data have been computed. The combination of GIS and RS have enabled to
develop the reliable model. The performed results on this study will be m3/km2/year. The spatial-temporal distribution
of erosion intensity maps and soil loss map in two time series were generated as thematic maps of 20m spatial
resolution.
Keywords: Erosion Potential Model, Geospatial Technologies, Erosion Intensity, Soil Loss, Time Series Maps.

INTRODUCTION
One of the nine leading processes causing soil degradation in the European countries is soil erosion (Dragicevi, 2016).
Soil erosion is a process of mechanical detachement of the soil under the influence of erosive agents such as water and
wind that consists of a detachment of soil practices, transportation of detached soil and its deposition (Dragicevi, 2016).
Blinkov (2012) pointed out that the difference between soil loss and sediment production (erosive material production)
is the crucial thing. The main influence on erosion porcesses are considered to have climate, soil, topography,
vegetation cover and antropogenic factors (Dragicevi, 2016). Techniques like remote sensing and GIS are nowadays
applied to evaluate erosion risk (Elhag et al., 2019). Erosion rate is very sensitive to both climate and land use, therefore
southern Europe and the Mediterranean region is particulary prone to erosion because it is subject to long dry periods
followed by heavy bursts of erosive rain, falling on steep slopes with fragile soils (Globevnik et al., 2003). Because of
the uncontrolled deforestration, inappropriate land use and due to human impact, the Mitrovica region is highly exposed
to erosion. For assessment of soil erosion risk, generally, three types of approaches exist in Europe (Eskelmann et al.,
2006): qualitative approach, quantitative approach and model approach, all of which vary in their characteristics and
applicability (Milevski, 2015). In last two decades, already developed models and approaches are improved through the
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use of geospatial databases developed using GIS technology. There are several well-evaluated empirical models such as
USLE, RUSLE, PESERA, etc. Moreover, a widespread empirical model is the Erosion Potential Model (EPM), also
known as Gavrilovic method (Gavrilovic, S., 1962; 1970; 1972), as long as its modifications (Lazarevic, 1968a; 1985).
The method takes under consideration six factors, depending on surface geology and soil properties (Y coefficient/
erodibility factor), topographic features (mean slope, J), climatic factors {mean annual rainfall (H), mean annual
temperature (T)}, land use type and distribution (x coefficient/ soil protection factor) and the catchment’s degree of
erosion (φ, erosion and stream network development coefficient) (Efthimiou et al., 2016). Efthimiou et al. (2016)
pointed out that EPM has been widely implemented throughout the Balkans as well as in other countries [Serbia
(Gavrilovic Z., 1988), Croatia (Petras et al., 2005), Slovenia (Zemljic, 1971), Germany (De Cesare et al., 1998), Italy
(Fanetti and Vezzoli, 2007; De Vente et al., 2006), Argentina (Rafaelli et al., 1998), Belgium (De Vente and Poesen,
2005), Greece (Stefanidis et al., 1998; Emmanouloudis and Filippidis, 2002; Emmanouloudis et al., 2003; Kalinderis et
al., 2009)], providing reliable results on qualifying soil erosion severity, estimating mean annual soil loss/ sediment
yield as well as implementing torrent regulation and other erosion control measures. The assessment of soil erosion and
sendiment transport in hydrological catchment is imperative, in different temporal and spatial scales, in order to protect
and preserve soil (Efthimiou et al., 2016). Empirical models are widely applied, especially in countries where the
availability of input data is often scarce and the validity ambiguous (such as Kosova, Mitrovica), because of their
simplicity and ease of use, having less input data and computations demands than the comprehesive ones (Efthimiou et
al., 2016). The present study demonstrate the incorporation of EPM into GIS environment, in which was tested and
implemented in detail the Mitrovica erosion. Considering the abovementioned issues, the present study aimed to
assessment the soil erosion in two time series, 2000 and 2018. The Mitrovica area was selected for this purpose beacuse
of the climatic, topographic and anthropogenic parameters. The EPM was implemented into GIS environment in full
accordance with its requirements. The remote sensed data were used to compute specific parameters according to model
requirements. The erosion process is one of the key issue in the process of environmental monitoring and management,
thus it should be taken into account and should be adresses as well.

STUDY AREA
The Mitrovica is bounded in the north part of Republic of Kosova, only 25 km from the capital Pristina. The study area
extends along to shore of the Sitnica river. The study area bounded coordinates are in the North (42°57’02’’ and
20°54’36’’) and the South (42°52’13’’ and 20°54’19’’). The toal study area covered 41km2, while the minimum
elevation is 502m and the maximum elevation is 991m. The annual average precipitation is around 750 mm and
moderate winds blowing predominantly from the northeast, average speed ranges 20 m/sec to 4.4 m/sec (Maliqi et al.,
2018). Average speed ranges 20 m/sec to 4.4 m/sec. As well as the winters are colder with medium temperatures above
–10 °C, but sometimes down to –26 °C. The summers are very hot with average temperatures of 20 °C, sometimes up
to 37 °C (Maliqi et al., 2018). The study area consists of 15 settlements including here urban and rural area. The
Republic of Kosova map in which is located study area, is shown in the Figure 1.

Figure 1. Map of the study area.
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DATA AND METHODOLOGY
It is known that many empirical approaches for the intensity of soil erosion and sediment transport cannot be easily
applied in different countries, despite many efforts to make truly ‘universal’ models (Kostadinov et al., 2018). One of
the most widely known and accepted model for erosion estimation and sediment transport in the Balkan region, East
and Central Europe, is the Erosion Potential Model (EPM), aslo known as Gavrilovic method.

The Erosion Potential Model (EPM)
According to the method, the anual volume of detached soil due to erosion has been calculated by the following
equation (eq. 1.). The Equation 1 is the average annual erosion, which can be expressed as follow:
(1)
Where, W is the average annual erosion (m3 year-1), T is the temperature coefficient, h is mean annual rainfall (mm), F
is the catchment area (km2).
The equation which calculates the temperature coefficient is (eq. 2.)
(2)
Where, t is mean annual temperature (°C).
The erosion coefficient (z), being the meausre of intensity or density of erosion processes (Staut, 2004) was calculated
by next equation (eq. 3.) It is known as risk coefficient as well.

(3)
Where x is the soil protection coefficient, y is the soil erodibility coefficient, φ is the erosion and stream network
catchment and J is the average slope of the watershed (%) (Efthimiou et al., 2016).
Zemljic (1971) has classified the z coefficient and the table 1 is presented as follow.
Table 1. Classification of the z coefficient.
Erosion Intensity

z

Very low

<0.19

Low

0.20 - 0.40

Moderate

0.41 - 0.70

High

0.71 – 1.00

Very high

>1.00

Having calculated the total annual soil erosion rates, we calculated the sediment delivery ratio, which is needed for the
actual sediment yield calculation (Kostadinov et al., 2018). The appropriate form of the equation in order to determine
sendiment delivery rate was suggested by Gavrilovic as follow:

(4)
Where, Ru is the coefficient of retention of the eroded material, O is perimeter of watershed (km), D is average
diferences of elevation of the watershed (km) and L is length of the watershed (km).
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By multiplying the potentially eroded material and the coefficient of the retention (Wyear* Ru), the average annual
sediment transport (G) arriving at the mouth, will be calculated as:
Gyear = Wyear* Ru (m3/year)

(5)

Source data and Data processing
The present study were conducted by using the secondary data. The data sets have been collected and processed to
derive soil erodibility factor, mean slope, mean annual rainfall, mean annual temperature, soil protection factor, erosion,
and stream network coefficient (Maliqi and Singh, 2019). The secondary data were considered data which are not
captured directly from the environment. Numerous source data were obtained and used in the present study (Maliqi and
Penev, 2018). The modeling is based on the numerical evaluation of the factors that influence erosion using
classification and quantitative methods (Milevski and Ivanova, 2013). The erodibility factor (Y) was obtained on the
basis of geological map in scale 1:100000, which was digitized in GIS software. In the appropriate procedure
coefficients within the study area were given to the lithology units in form of soil erodibility coefficient (Y).
The datasest images used in the study were obtained from Landsat 7 and Landsat 8 in different time series (2000 and
2018) provided by U.S. Geological Survey. The spatial resolution of Landsat 7 (2000) and Landsat 8 (2018) used has
been 30m. The Landsat 7 Enhanced Thematic Mapper (ETM) and Landsat 8 OLI/TIRS were downloaded from U.S.
Geological Survey thorugh EarthExplorer (www.earthexplorer.usgs.gov). The Landsat 7 ETM datasets for 2000 and
Landsat 8 OLI/TIRS datasets for 2018 of Mitrovica have with 30m spatial resolution. The spectrals band 3 of Landsat 7
ETM and band 4 of Landsat 8 OLI/TIRS, have been used in oder to generate the erosion and stream network catchment
coefficient (φ). The Land Cover map was provided by Copernicus Land Monitoring Service (www.land.copernicus.eu).
The CLC 2000 and CLC 2012 datasets were used and in this way the soil protection coefficient (x) has been generated.
Because of the lack of updated Corine Land Cover dataset (for 2018), in the present paper CLC 2012 dataset was used
insetad of the CLC 2018. In order to generate the average slope of the watershed in percentage (%) the J factor, 20m
ALOS (Advanced Land Observation Satellite) Digital Elevation Model (DEM) was used. The GIS software has been
used to calculate the average slope of the study area in percentage (%) from ALOS DEM. The climate coefficients such
as the Temperature coefficient (T) of 2000 (base year), were obtained from 1km resolution WorldClime (v.2.0)
(www.worlclim.org). The 2018 (comparative serie) temperature coefficient (T) was calculated by using the algorithm
given by Avdan and Jovanovska (2016). The algorithm uses USGS formulas, which in the present paper have been used
to calculate Land Surface Temperature (LST) using the Landsat 8 bands. This methodology requires applying a set of
equations through raster calculator in any GIS software (QGIS). In particular the methodology requires band 10, band 4
and band 5 to calculate the LST. The same methodology was used, in order to calculate the T coefficient for the 2018.
The mean annual rainfall in mm (H) was generated by applying vertical gradient method because the lack of the
permanent active meteorological stations in Mitrovica or within the study area. The h factor was prepared by combining
the real data from meteorological stations in Republic of Kosova and corresponding vertical gradient. Due to various
sources of input data, which were obtained and collected in different formats and reference systems. Data
harmonization process is made at first. The input data were proccessed in QGIS software and the reference system in
which all data were transformed has been KosovaRef01 (Kosovo coordinate system), a local coordinate system in
Gauss-Krugger projection in ETRS89 datum. In order to improve the data quality, the satelite imagery geometric
corrections were done as well. The cartographic outputs (Erosion Intensity map & Average annual erosion map) were
generated for two time series (2000 and 2018) and the digital maps were generated in the GeoTIFF format. The
unsupervised classification methodology was selected that the cartographic output to be classified as a multicolor
pattern in order to show the maps range values or map classes. It has helped that maps to be interpreted easily. The
implementation of EPM in the present study area, was done supporting geospatial technologies such as Remote Sensing
(RS) and GIS, thus the maps layout was compiled using the QGIS software tools.

MODEL IMPLEMENTATION
In order to determine each individual factor according EPM requirements were proccessed the input data, described in
the previous chapter (Chpater 3). According this approach were calculated the model factors, based on mentioned
equations (Eq. 1 & Eq. 3). In general this was done into GIS environment and raster calculator in particular. Each factor
required by EPM was modeled in the form of digital map (vector and raster). However, the final format of individual
factor was converted into the raster format to make suitable for model implementation (Maliqi and Singh, 2019). The
EPM flowchart has been sketched in the following diagram, adapted by Efthimiou et al. (2016). This diagram (Figure 5)
clearly has expressed the origin of the factors and data modelling according the EPM method, which is based in the
input data as well. In order to be analyzed in detail the soil loss and intensity, the model has incorporated two main
equations (Erosion Intensity & Average annual erosion), which will be explained in the next sub-chapter. This approach
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has been repeated in two time series (2000 & 2018) and cartographic output (Erosion intensity maps & Average annual
erosion maps) was performed.

Figure 5. The flow diagram (adopted by Efthimiou et al., 2016).

Erosion intensity
In order to determine the erosion coefficient (z), the calculation of the each individual factor through Equation 3. is
required (Efthimiou et al., 2016). The erosion intensity or erosion risk was calculated based on soil protection
coefficient (x), the soil erodibility coefficient (y), the erosion and stream network coefficient (φ) and the average slope
(J). This derive from empirical composition of the equation (Eq. 1). According the z coefficient values based on the
Zemljic (1971) classification and equal interval classification used into GIS environment, the erosion intensity maps in
two time series fall in five categories (Table 1). The most of area for the 2000 erosion intensity map falls in these
categories “Moderate” (0.41<z<0.70), “High” (0.1<z<1.0) and “Very high” (z>1.0). In the same methodology was
acted for the erosion intensity map of 2018, as well as the most of area in 2018 serie falls in these three categories:
“Low” (0.20<z<0.40), “Moderate” (0.41<z<0.70) and “Very high” (z>1.0). The coefficient translated in the percentage
ranges as follow; to the erosion intensity map of 2000 according equal interval classification in GIS the “Moderate” is
23.4%, “High” is 31.7% and “Very high” is 27.5%. The erosion intensity maps of 2018 according equal interval
classification as well, has demonstrated that most of the study area fall in categories: “Low” is 19.6%, “Moderate” is
39.7% and “High” is 27.3%. The erosion intensity coefficient (z) can be viewd as a soil loss indicator as well.
The following figures (Figure 6) has shown visually the comments explained above. The cartographic outputs (raster
maps) have been compiled in full accordance with the EPM equation requirements with 20m spatial resolution using
unsupervised raster classification methodologym, exactly equal interval classification supported by QGIS software.
Then, the z coefficient will be included in the calculating of the average annual erosion (m3year-1) but in the appropriate
form that the EPM equation (Eq. 1) requires. In the table below (Table 2), has been calculated and expressed several
important data derived from the study. These data were generated in order to validate the erosion intensity coefficient
(z). In the current form and format, these data incuding erosion intensity maps in the raster format for 2000 and 2018
(Figure 6) and analytical calculations derived from this, will be used easily for multiple purposes. The erosion insteniry
coefficient if one of the most generated parametrs in order to calculate spatial soil loss as a mian objective of the present
study and it will be addressed in the following sub-chapter.
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Figure 6. Erosion inensity (z) map for 2000 & 2018.
By analysing carefuly the below table (Table 2), we can see that there are some decreases and increases throughout the
erosion intensity categories, within the study area. The interpretation of the performed results in the table between two
time series (2000 and 2018) tell us that the most decrease is in the “Very high” categorie (16.2%) and the most increase
is in the “Moderate” categorie (16.4%).
Table. 2. Time series data of erosion intensity coefficient (z) according Equal Interval classification.

Soil erosion potential
Nowadays, various models are being applied for soil erosion assessment. Erosion Potential Model has the potential to
estimate erosion and sediment transport in the Balkan region, East and Central Europe (Maliqi and Singh, 2019). There
are several classifications of these soil erosion models and one of them is conceptual model in which falls EPM.
According to Thiemann (2006), conceptual models provide an indication of quantitative and qualitative processes
within a watershed. The present study demonstrate the EPM as a quantitative approach. The methodology for the soil
erosion assessment method selection is based mainly on in two criteria: area of the study area and input data availibility.
The literature has shown that EPM has significant role in the soil erosion assessment in local scale. The evolution of the
Gavrilovic (EPM) model has began with the use of geospatial technologies such as GIS and RS. In the present study
were generated the soil erosion maps in two time series (2000 and 2018). The raster soil loss maps were compiled with
20m spatial resolution in two time series. The detached soil map of 2000 has shown that the minimum volume of the
detached soil was under 100 m3/km2/year, whereas the maximum volume of the detached soil was above 2000
m3/km2/year. This raster map were classified in five classes based on (Equal Inerval calssification) unsupervised
methodology supportin by QGIS software (Figure 7). Based on the same methodolody was acted in the comperative
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serie (2018) and the output raster has shown that the minimum volume of the detached soil was under 150 m3/km2/year,
as well as the maximum volume of the detached soil has been above 2200 m3/km2/year. In addition the soil erosion
raster map was classified in the five classes as well (Figure 7). The minimum difference of the detached soil volume
between 2000 to 2018 series was 50 m3/km2/year and the maximum difference of the soil loss volume was above 200
m3/km2/year. According time series raster maps, the detached soil based on the EPM model between period 2000 and
2018, to the minimul volume was increased about 0.4% and has been decreased 3.4% to the maximum volume in the
total soil loss volume within a single serie. It can be expressed as well for year therefore the increased of the detached
soil volume is about 5.5% (the rate per year). The annual sediment transport was 770.55 m3/km2/year in 2000 while it
amounted to 968.8 m3/km2/year in 2018. In addition the erosion intensity and detached soil are linked with EPM six
factors, which have derived from input data and the accuracy of the input data has affected directly the accuracy of the
performed results in this paper. Thieken et al. (1999) and Vogt et al. (2003) pointed out that reliability of the final
results within GIS is strongly correlated with the accuracy and level of detail of input data. The lack of the Land Cover
dataset of 2018, in the present paper was used dataset of 2012 instead of 2018. Therefore, this has affected the finally
result of the study. But this research is at the local scale, so the impact in the performed result has been not relevant
almost. The figure t. demonstrates the potential detached soil in milimeter per year (mmyear-1).

Figure 7. The soil loss map for 2000 & 2018.

CONCLUSIONS
Geospatial assesment of soil erosion and sendiment transport and its mapping is one of the most important technique to
determine the changes in environment. There have been no attempts to asses the risk of soil erosion at local and national
level in Kosova by using geospatial technologies. The main objective of this study was to apply the Erosion Potential
Model (Gavrilovic method) in conjuction with RS and GIS to the Mitrovica region, in order to estimate soil erosion and
sendiment yield and transport as well as its spatial distribution. The performed results have been in two time series
(2000 and 2018) and they were compared as well. In the area of this study from the early years till now, local works on
the protection against erosion and torential floods were not carried out ever. Therefore, was chosen to esimate soil
erosion and sendiment transport in two time series, in two last decades. The erosion is a physical process and control of
erosion is a worldwide environmental problem. Hence, the European Commission’s Soil Thematic Strategy has defined
soil erosion as a significant problem and monitored soil erosion in Europe (Kostadinov et al., 2018). Due to global
warming and antropohenic activities such as land use and land cover changes (LULCC), the erosion rate is ecpected to
be increased in this century. The statistics about meteorological conditions in Kosova between 2000 and 2018 has
shown that average annual precipitation and mean temperature were increased generally. Beacuse of this, the study has
demonstrated that the erosion intensity coefficient and amount of soil loss and sendiment yield and transport were
increased as well. Numerous data were obtained and used in the present study, which can be named as secondary. These
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data were not captured directly from the environment such as erodibility factor, slope, mean annual rainfall, mean
annual temperature, soil protection factor, erosion and stream network coefficient. These data were free of charge and
the accuracy of the study depends by those secondary data.
The results of the study showed that in 2000 the minimum of the soil loss was under 100 m3/km2/year and the maximum
of the soil loss was above 2000 m3/km2/year. As well as the minimum of the soil loss was under 150 m3/km2/year and
the maximum of the soil loss was above 2200 m3/km2/year in 2018. It spatial distribution in two time series was
compiled as thematic maps in a raster format with 20m spatial resolution. In the serie of 2018, soil erosion was
calculated by using as the soil protection coefficient (x) obtained from CLC2012 instead CLC2018 because of the lack
of the updated Corine Land Cover dataset (2018), which ecpect to be updated soon. As well because of the lack of
permanent active meterological stations within study area, was applyied the vertical gradient method in order to
generate the H coefficient. In this way was acted in two time series. According field and abservations the performed
results in the study have been confirmed.
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