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A B S T R A C T

Soil erosion is one of the major problems that threatens agricultural production and sustainability of natural re-
sources in Syria. More than 85% of Syrian agricultural land is exposed to soil erosion at different rates. The pre-
sent study estimated soil erosion in the eastern part of Yarmouk Basin in Al-Swida governorate (Southern Syria),
by integrating the Revised Universal Soil Loss Equation (RUSLE) model and Geographic Information System (GIS)
approach. The parameters used for the RUSLE model were prepared from climatic data, field data, and satellite
imageries. Results showed that average erosivity was 374.19 MJ mm ha−1 h−1 yr−1, while the K-factor ranged
from 0.22 to 0.36 ton.ha.MJ−1.mm−1, and LS-factor reached 45% in some places. The estimated potential soil ero-
sion ranged from 1.26 to 350.5 t ha− 1 yr− 1, with an average of 137.4 t ha− 1 yr− 1. Meanwhile, ninety-five percent
of the study area experienced acceptable rate of erosion with soil loss, which ranged between 0 to 5 t ha− 1 yr− 1.
While, rest of the area experienced unacceptable erosion rate, which ranged from 5 to 350 t ha− 1 yr− 1. There-
fore, the areas which are experienced unacceptable erosion rate need immediate conservation plan from soil and
water conservation point of view.

1. Introduction

Land degradation is one of the challenging issues in the 21st cen-
tury. More than 6 billion hectares area affected by different types of land
degradation around the world, such as soil sealing, soil erosion, soil con-
tamination, salinization, soil compaction, acidification, and desertifica-
tion (Wessels et al., 2007; Kertész, 2009; Inbar and Zgaier, 2016;
Ganasri and Ramesh, 2016; ). Meanwhile, to achieve the Sustainable
Development Goals (UN-SDGs), healthy and high-quality soil is an es-
sential requirement (Rodrigo-Comino et al., 2019).

Globally, soil water erosion is considered as a major cause of land
degradation. Consequently, agricultural systems lost 75 billion tons of
fertile soil annually (Sarapatka et al., 2018; Fu et al., 2005;
Gomiero, 2016; Borrelli et al., 2017; Phinzi et al., 2020). From
the environmental point of view, the effects of soil erosion cannot be
estimated due to the complex interaction between the eroded soil and
the different ecosystem components. The negative effects, include the
soil fertility depletion, nutrient loss, and water pollution (Zhao et al.,
2019; Tuo et al., 2018; Zhu, 2012; Pieri et al., 2014; Lal, 1998;

Lu et al., 2004; Haregeweyn et al., 2015; Taye et al., 2018;
Ekholm and Lehtorant, 2012).

Soil erosion monitoring is an essential tool for any kinds of land
conservation plans. However, the experimental plots for measuring soil
erosion are expensive and time consuming. Therefore, several models
for estimating soil erosion have been developed and applied throughout
the world. Researchers have been modelling the soil erosion for many
decades. Approximately 82 soil erosion models, including the Universal
Soil Loss Equation (USLE) (Wischmeier and Smith, 1965, 1978) and
its revised version, named, RUSLE (Renard et al., 1991); Water Ero-
sion Prediction Project (WEPP) (Nearing et al., 1989); and the Euro-
pean Soil Erosion Model (EUROSEM) (Morgan, 1995), have been using
for soil erosion estimation (academics and decision-makers) (Karydas
et al., 2014; Karydas and Panagos, 2018). Among them, the RUSLE
model is considered as one of the widely applied empirical model for es-
timating soil water erosion.

García-Ruiz et al. (2013) reported that the soil in the Mediter-
ranean basin is one of the world's soil erosion prone “hot spots”. There
are several reasons for the huge amount of soil loss in the Mediter-
ranean basin, such as (1) rapid mineralization of organic matter
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(OM) because of high temperature in summer and poor soil structure,
(2) shallow soil with low erosion tolerance (T-factor), and (3) inade-
quate management of land-cover/vegetation cover due to overgrazing,
and trampling, which badly affected ecosystem balance, plant growth,
and soil recovery. Rare studies were carried out about the soil erosion
in the eastern part of the Mediterranean basin, where Syria is located.
Although a huge amount of soil loss has been observing in Syria for a
long time. Nevertheless, several factors, such as intensive rainy storms,
deforestation, burning of vegetation cover, and unsustainable agricul-
tural practices, played an important role in accelerating soil water ero-
sion (Kbibo et al., 2017; Mohammed et al. 2016, 2020a). In addi-
tion, the ongoing conflict has created a devastating impact on both the
environmental and agricultural sectors (Abdo, 2018; Mohammed et
al., 2019).

Unlike other Mediterranean countries, Syria has no strategies for soil
conservation because of the lack of data for proposing plans and the ab-
sence of a clear vision for sustainable land resource management (Mo-
hammed et al. 2020c). Therefore, the objective of this research was
to delineate the soil erosion hazard area and estimate soil loss by us-
ing the RUSLE model. To the best of authors' knowledge, yet no stud-
ies have been carried out to integrate the geo-informatics and remote
sensing approach for delineating and estimating the soil loss and ero-
sion zones in the study area. Therefore, this study will provide impor-
tant information for the development of soil erosion strategies that will

be useful to policy makers, soil scientists and planners in effectively
managing soil erosion in the study area.

2. Materials and methods

2.1. Area descriptions

The study area is located in the eastern part of the Yarmouk Basin in
the Al-Swida governorate, in southern Syria (the geographical location
is 32°28′15″N, 36°24′18″E and 32°46′44″N, 36°45′15″E) (Fig. 1). The
climate is characterized by Mediterranean type (hot summer and rainy
and moderately cool winter). The annual rainfall, ranges from 255 to
550 mm, happens mainly during the months of October to April. The av-
erage temperature is 21.5 °C. The main crops are grapes (Vitissp), apple
(Malus silvestris), tomato (Lycopersicum Esculentum), water melon (Citrul-
lus Vulgoris), and chickpeas (Cicer Arictinum). The study area is charac-
terized by a steep plain in the eastern part, and more complex phys-
iographical aspects in the western and northern parts. The elevation
ranges from 696 m in the west to 1795 m in the east (Tall Qeni summit).

2.2. Soil samples and data collection

The target townships were identified based on the field survey, land
use map, soil classification map, and climate variability. In this way, 56
representative soil profiles were prepared and described. 117 soil sam

Fig. 1. Location of rain gauges and soil samples used in this study across the Western Slopes of Jabal Al-Arab in Southern Syria. The red triangles show the rain gauges used to estimate
annual rainfall erosivity. The black circles are the soil samples locations. (For interpretation of the references to colour in this figure legend, the reader is referred to the Web version of
this article.)
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ples were collected (i.e. a sample from each horizon) from the field, and
were brought to the soil laboratory in order to derive some essential
physical and chemical components, such as soil texture (Day, 1965),
and organic matter (%) (Nelson and Sommers, 1982) for calculat-
ing the K factor. Since soil water erosion affects only the topsoil layer
(0–25 cm), thus, the top soil analysis data were only used for calculating
K factor (i.e. 56 soil samples). More details about physico-chemical soil
properties can be found in Mohammed et al. (2020b).

Monthly rainfall data of 16 climatic stations were obtained from
Ministry of Agriculture (MoA), General Commission for Scientific Agri-
cultural Research (GCSAR), and Syrian Meteorological Authority

Table 1
Details of the data used in the present study.

No.
Data
type Format Factor Source Description

1 Soil
data

Excel
(*.xls)

K Field Survey 56 soil profiles,
56 samples, soil
texture and OM
(%)

2 Rainfall
data

Excel
(*.xls)

R Ministry of
Agriculture and
GCSAR; Syria, Syrian
Meteorological
Authority

Monthly
rainfall data for
17 stations
from 1975 to
2010

3 Satellite
Image

Raster
(.tif)

C Bing Map Image Spatial
Resolution 8
*8m

4 DEM Raster
(.tif)

LS, P ASF: The Alaska
Satellite Facility,
ALOS

Spatial
Resolution
12.5*12.5 m

(SMA) for the period of 1975–2010. The DEM (Digital Elevation Model;
12.5 × 12.5m resolution) was obtained from the Advanced Land Ob-
serving Satellite (ALOS) (https://www.asf.alaska.edu/sar-data/palsar/).
It was used to generate slope and elevation of the study area. GIS analy-
sis was conducted in the ArcGIS 10.5 software environment. The list of
the data sources was summarized in Table 1. The methodological steps
can be seen in Figure (2).

2.3. Estimation of the input parameters used for RUSLE model

The well-known RUSLE model (Renard et al., 1991) has been ex-
tensively applied for estimating sheet and rill erosion rates (Zerihun
et al., 2018) based on five parameters (rainfall, soil, topography and
slope, land cover, and support practice) using equation (1):

(1)
where A denotes the Soil Loss (t.ha−1.yr−1), R refers to the Rainfall
Erosivity (MJ.mm. ha−1. h−1. Yr−1), K represents the Soil Erodibility
(ton.ha.MJ−1.mm−1), LS denotes the Topographic factor, C refers to the
Cover Management, and P denotes the Support Practice.

2.3.1. Rainfall erosivity (R)
The intensity and duration of rainstorms affect the stability of soil

aggregates, especially when it exceeds the soil resistance which causes
more soil water erosion (Ollobarren Del Barrio et al., 2018). R factor
represents the kinetic energy of raindrops, which causes erosion (Nam-
pak et al., 2018). Wischmeier and Smith (1978) proposed a for-
mula to calculate R factors by multiplying the kinetic energy of a rain-
storm and its maximum 30 min intensity (I30). However, due to the
lack of I30 data within the study area, we followed equation (2) as

Fig. 2. Flow chart of the methodology.
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a proxy of I30 for calculating the R factor (Arnoldus, 1980; Sujatha and
Sridhar, 2018; Prasannakumar et al., 2011b).

(2)

where R is the rainfall erosivity factor (MJ mm ha−1 h−1 per year), is
the monthly rainfall (mm), and is annual rainfall (mm).

Monthly precipitation data from 16 stations of the study area were
used to calculate the R factor (Table 2). Ultimately, the data was im-
ported to ArcGIS software and interpolated using the ‘Kriging’ method.
Notably, the Kriging method was adopted in this research because it has
the best fitting according to our data and less error (unpublished data).

2.3.2. Soil Erodibility (K)
The K factor reflects the soil resistance to both the detachment and

transportation (Renard et al., 1997; Chang et al., 2015). Generally,
K factor, ranges from 0 to 1, is considered as a reflection of soil charac-
teristics, such as texture, organic matter (%), and unsaturated hydraulic
conductivity. Based on the findings from the laboratorial analysis, the K
factor was calculated by following Sharply and Williams’ (1990) method
(equation (3)).

(3)

where = sand (%), = silt (%), = clay (%), OM = organic
matter (%), = .

Then, the K factor was mapped by kriging interpolation in ArcGIS
software.

2.3.3. Topographic factor (LS)
The geomorphology of the study area contributes significantly to soil

erosion through slope length (L) and slope steepness (S) (Da

Table 2
Calculation of R factor for 16 stations of the study area.

ID Data Source Y X R

1 GCSAR 32.698797 36.671557 603.4976
2 GCSAR 32.669815 36.566274 302.4508
3 GCSAR 32.85528 36.628566 329.9084
4 GCSAR 32.493165 36.711794 298.4524
5 GCSAR 32.60947 36.695964 452.6098
6 GCSAR 32.634455 36.642838 518.9619
7 GCSAR 32.510163 36.764892 436.6879
8 GCSAR 32.554227 36.593472 267.4414
9 SMA 32.766078 36.724414 613.4459
10 SMA 32.79484 36.505539 239.6074
11 SMA 32.592638 36.533109 203.5635
12 SMA 32.719735 36.406236 171.8381
1 SMA 32.545033 36.665797 298.8923
13 SMA 32.510283 36.7632 434.3739
14 SMA 32.617782 36.531569 214.6772
15 SMA 32.772295 36.637396 730.9282
16 SMA 32.827376 36.706246 243.8814

Cunha et al., 2017; Ozsoy et al., 2012). In the present study, LS fac-
tor was calculated from DEM (spatial resolution: 12.5 m) by following
the method of Moore and Burch (1986) (equation (4)) in ArcGIS 10.5
software (Benchettouh et al., 2017; Dutta et al., 2015).

(4)

The slope percentage of the study area was prepared from the DEM,
then the topographic factor (LS map) was generated.

2.3.4. Cover Management Factor (C)
In soil erosion studies, C Factor is highly correlated to the land use/

land cover practice, because of its dependence on crop rotation, agri-
cultural practice, vegetation canopy, surface roughness, and sub-surface
biomass (Chen et al., 2019; Sujatha and Sridhar, 2018). The C Fac-
tor ranges between 1 and 0, while closeness to 0 indicates the well pro-
tected land (Ganasri and Ramesh, 2016). Since, there was an absence
of measurement/data for the C-Factor in Syria, it was generated from
Bing satellite image. The supervised classification method was applied
for classifying the land use land cover map, then it was multiplied by the
values proposed by Ganasri and Ramesh (2016) to calculate C factor
(Table 3).

2.3.5. Support practice factor (P)
Support Practice Factor (P) is one of the important factors that plays

a vital role in controlling the soil erosion by minimizing its potential
hazard. P values range from 0 to 1, while closeness to 1 indicates the
absence of conservation practice and vice versa (Mahala, 2018; Das
et al., 2018). In the present study area, we observed some support
practices like traditional agriculture, such as terraces (it is traditionally
used to hedge soil). While, other studies in Syria assumed 1 as P fac-
tor (Abdo, 2018; Abdo and Salloum, 2017). The P factor for this re-
search was calculated by following Morgan (2005), Panagos et al.
(2015) and Toubal et al. (2018) (Table 4).

2.4. Estimation of annual soil loss rate

The RUSLE model was applied on the aforementioned parameters
(pixel-by-pixel) to generate soil erosion map in the study area. The
whole work was done in ArcGIS software.

Table 3
Land use/land cover classes and respective C-factor value.

No Land Use Area (km2) % C Factor

1 Forest 28.4 5.50 0.003
2 Agricultural 350.06 67.83 0.63
3 Waste Land 34.98 6.77 0.5
4 Built Up 100.4 19.46 0.09
5 Water Body 2.14 0.41 0

Table 4
P value for different slope gradient.

Slope (%) P-factor

9–12 0.6
13–16 0.7
17–20 0.8
21–25 0.9
>25 0.95

4
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3. Results

3.1. Rainfall erosivity (R)

Average rainfall in the study area ranged between 216.74 mm and
541.51 mm, which produced an average erosivity of 374.19 MJ mm
ha−1 h−1 yr−1. The spatial distribution of R factor showed a clear zone
between the northern part (having high R value) and the southern part
(having low R value). It highlighted the role of topography, as the moun-
tains are found in the northern part (Fig. 3).

3.2. Soil Erodibility (K)

More than 80% of soil samples were clayey texture. While, the OM
(%) ranged between 0.6 and 6.3%. Therefore, the K-factor ranged from
0.22 to 0.36 ton.ha.MJ−1.mm−1 (Fig. 4). The K values ranged between
0.25 and 0.3 ton.ha.MJ−1.mm−1 in the major parts of the study area.

3.3. Topographic factor (LS)

The slope percentage ranged between 4 and 45% in the study area,
while the LS-factor reached to 45% in some places (Figs. 5 and 6). High
LS-factor was observed in the steep slopes in the northern part of the
study area, such as the high hills and the mountains (Thomas et al.,
2018).

3.4. Cover Management Factor (C)

The study area was categorized into five land use land cover classes
by using supervised image classification. The final map (Fig. 7) showed
that the majority of the study area has agricultural area, while the rest
of the study area has been dominated by forests, followed by waste
land, built-up land, and water bodies. Based on the land use land
cover types in the study area, high C-values were observed in agricul

Fig. 3. Rainfall erosivity factor (R).
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Fig. 4. Soil Erodibility factor (K).

tural areas and waste land indicating higher potentiality for soil erosion
in those areas due to different land use practices, such as tillage (Wolde-
mariam et al., 2018; Biswas and Pani, 2015).

3.5. Support practice factor (P)

Approximately 90% of the study area had P factor of 0.6–0.7 (Fig.
8). The highest value (0.7–0.95) was observed in the northern part of
the study area, where high hills are located.

3.6. Estimation and spatial distribution of annual soil erosion

The soil erosion map was generated by using the RUSLE model.
Results showed that the annual soil erosion ranged from 1.26 to
350.5 t ha− 1 yr− 1, with the average of 137.4 t ha− 1 yr− 1 (Fig. 9). In-
terestingly, the areas, had high risk of soil erosion, were located in

the northern mountainous part of the study area. This finding was quite
expected, because the area was characterized by high rain intensity and
sharp slopes, and absence of soil conservation practices.

The soil erosion zone in the study area was classified into 5 classes,
such as acceptable, moderate, high, severe and extreme (Table 5). Re-
sults showed that about 95% of the area was classified as the acceptable
erosion zone (Table 5)

Table 6 revealed that agricultural land was the most soil erosion
affected area by, followed by the waste land. Remarkably, 20 km2 of
agricultural land experienced erosion more than 5 t h−1 yr−1, which was
quite high in the study area. The lowest amount of soil erosion was
found in the forest area, where the canopy cover acted as the blanket
cover to prevent the destructive impact of rain drops.

Table 7 explicated the statistical analysis of soil erosion for each
land cover. The results showed that 67.83% of the study area was
covered by agricultural land, where the average erosion

6
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Fig. 5. Slope map in percentage.

reached 1.22 t h−1 yr−1.The maximum erosion in agricultural land was
exceeded 250 t h−1 yr−1. Surprisingly, the maximum erosion was
recorded in waste lands (350 t h−1 yr−1), which covered only 6.77% of
the study area. Thus, it could be considered as less of a priority.

4. Discussion

Soil erosion is a major threat to sustainability of land resources in
Syria. Studies show that the eastern and northern part of the study area
are subjected to wind erosion (Masri et al., 2003), while the western
and the southern part are more prone to the soil water erosion (Mo-
hammed et al., 2016). In the present study, multiple data, such as
satellite imageries, soil data, and rainfall data were integrated to gen-
erate the potential soil erosion hazard map. Result revealed that the
majority of the study experienced erosion rate of 1–5 t ha−1.y−1. Simi

lar findings have by Djoukbala et al. (2018) who reported esti-
mated 3 to 5.7 t ha−1.y-1 of annual soil loss in Wadi El-Ham watershed,
whereas Paroissien et al. (2015) estimated an average soil loss of
4.2 t ha−1.y−1 in Languedoc water shade in Peyne, France. Also, Fang et
al. (2019) reported that the Yangtze river basin of China experienced
average soil loss of 3.89 t ha−1.y−1. Thomas et al. (2018) predicted
the average soil erosion of 3.60 t ha−1.y−1 in Muthirapuzha river basin
(Western Ghat, India).

Similar to Abdo and Salloum (2017), our results indicate that
only 5% of the study area observed high soil erosion. Abdo and Sal-
loum (2017) reported that 4% of the area in the Alqerdaha basin
of Syria observed high soil erosion rate. In addition, Demirci and
Karaburun (2012) found 5% of Buyukcekmece watershed lake, North

7
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Fig. 6. Topographic factor (LS).

west Turkey has high or severe soil erosion rate. Markose and Jayappa
(2016) however predicted a higher rate of erosion in Kali river basin
(Karnataka, India). The high soil erosion prone areas found in the moun-
tain slopes and steep terrain highlights the importance of topographic
factor in influencing soil water erosion in the southern part of Syria
and elsewhere. Thomas et al. (2018) reported that severe soil erosion
was observed in the steep slope of the mountainous region of Muthi-
rapuzha river basin of India. Zerihun et al. (2018) estimated the se-
vere soil loss in the steep slope areas of NW Ethiopia. Kayet et al.
(2018) found that the steep slope regions of the West Singbhum dis-
trict of Jharkhand (India) were highly suffered by the high soil ero-
sion rates. According to Prasannakumar et al. (2012), the predicted
maximum soil loss (17.73 t ha−1.y−1) occurred in the high slope ar-
eas of the small mountainous river basin of Kerala, India. Our find-
ings (Table 7) indicates that agricultural land and waste land appears
to promote soil erosion in the study area. Similar result can be found
in the work of Fayas et al. (2019), Das et al. (2018), Da Cunha
et al. (2017), Hao et al. (2017), Gandino et al. (2016), Ganasri

and Ramesh (2016), Morgan (1995). Therefore, based on the find-
ings of previous literature, the findings of the current work can be con-
sidered as valid. Hence, it can be adopted for identifying the soil erosion
zones and used for proposing the soil conservation plans in the identi-
fied high soil erosion areas.

The R factor in the study area ranged between 171.8-730.9 MJ mm
ha−1 h−1 per year, while, Hasan et al. (2014) reported that the aver-
age R value was 491 MJ mm ha−1 h−1 yr−1 in the Zgaro River of West-
ern Syria. Ferreira and Panagopoulos (2014) estimated the average R
value between 80.4-854 MJ mm ha−1 h−1 per year in the Mediterranean
conditions in Alqueva dam watershed, Portugal. Farhan and Nawaiseh
(2015) predicted the average R values between 54.3-227.12 MJ mm
ha−1 h−1 in the Wadi Kerak catchment of Lisan Peninsula. Farhan
et al. (2013) reported the average rainfall erosivity ranges between
85.4-420.6 MJ mm ha−1 h−1 per year in the Kufranja watershed, North-
ern Jordan. Ozsoy et al. (2012) estimated the average value of the R
factor ranges between 513-2658 MJ mm ha−1 h−1 per year in Mustafa
Kemal river basin, Turkey. They also reported

8
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Fig. 7. Cover management factor (C).

that the erosivity factor is mostly dependent on the rainfall, therefore,
it could not be considered the base value of the neighbour areas. Pal
(2016) recommended that the erosivity factor must be calculated from
the rainfall of investigated areas and could be compared with the areas
having very similar climatic characteristics. The value of the R factor in
the present study area was quite identical with the mentioned studies,
which were conducted in Mediterranean regions. Therefore, the calcu-
lated R factor can be considered as the base for further research and pol-
icy making in the study area.

The K value varied from <0.25 to >0.35 ton.ha.MJ−1.mm−1, where
low K value was recorded in the clayey soil. Das et al. (2018) reported
the K value ranges between 0.16-0.28 ton.ha.MJ−1.mm−1 in Tirap dis-
trict, Arunachal Pradesh (India). Farhan and Nawaiseh (2015) cal-
culated the K value ranges between 0.1-0.4 ton.ha.MJ−1.mm−1 in Wadi
Kerak catchment of Lisan Peninsula. Kayet et al. (2018) estimated
the K value between 0.12-0.42 ton.ha.MJ−1.mm−1 in West Singhbhum
district of Jharkhand, India. They reported that the low K value was
found in the clay soils be

cause these were exposed to handicap. While the high K value could
be observed in the silt loam soils, because (1) the soil particles are ab-
stemious to purely detachable, (2) infiltration is sensible to small gener-
ating the modest to high runoff, and (3) the sedimentation is moderate
to move simply. Similarly, Fu et al. (2011), Nasir and Selvakumar
(2018) also explained the causes of the lower K value in the clay tex-
ture and reported that it is less detachable with the high resistance to
the rain drop forces. A high content of organic matter with very fine
texture (clay) and good hydraulic conductivity (good infiltration ratio)
reduce the potentiality of the soil erosion (Kayet et al., 2018; Pal and
Debanshi, 2018). To the contrary, it leads to a high probability of the
soil being exposed to water erosion. Thus, low K value in the study area
represented the low soil detachability and less vulnerability to soil ero-
sion.

The northern part of the study area had the higher LS-factor
(>40%). Generally, the soil erosion is not a major problem in flat-
lands, but it is worse in the high elevated areas or steepness areas. The
high LS-factor may be because of the high rainfall intensity in this area

9



UN
CO

RR
EC

TE
D

PR
OO

F

S. Mohammed et al. Remote Sensing Applications: Society and Environment xxx (xxxx) xxx-xxx

Fig. 8. Conservation support practice factor (P).

and the deteriorated vegetation cover, which cause higher cumulative
runoff (Prasannakumar et al., 2011a; Ostovari et al., 2017). Abdo
(2018) noted that the hilly terrain with steep slopes accelerated the soil
erosion in the coastal region of Syria (western part). Similarly, Kbibo et
al. (2017) reported that high slope leading to the increase in soil ero-
sion, as a function of the topography, regardless the type of vegetation
cover in the coastal mountains of Syria. Thus, the higher rate of soil ero-
sion is expected in the northern part of the study area.

Land cover reflects the impact of soil cover on the total erosion. The
majority of the study area dominated by the agricultural land and con-
sequently, the C factor was high (0.63). While minimum value was ob-
served in the forest area (0.003). The main crop production is viticul-
ture in the study area, which occupies about 10125 ha (Alsafadi et
al., 2019). Studies show that the cultivation of vineyard in Mediter-
ranean region exacerbate soil erosion because the soil remains bare
and exposed to the intensive rain storms, which enhanced the soil
sealing and accelerates runoff generation (Martıńez-Casasnovas and
Sánchez-Bosch, 2000; Cerdà et al., 2020; Remke et al., 2018; Ro

drigo-Comino et al. 2018b). Farmers in the study area, as well as in
the sem-iarid regions, have the tendency to keep the soil bare in vine-
yard fields to prevent the competition for water and nutrients (Raclot
et al., 2009; Rodrigo-Comino, 2018a). All of these factors make the
agricultural lands more susceptible to erosion.

Even though some uncertainties could occur, the land conservation
plans in the study area can rely on the RUSLE model. Results would be
very useful and valuable to the decision makers for delineating the most
susceptible region to the soil erosion hazard. Therefore, this study would
help in shaping not only regional conservation plans, but could be ex-
tended in national level for proposing the soil conservation plans.

5. Conclusion

In light of the paucity of sufficient information about soil erosion
in Syria, this study attempted to outline the situation of the soil water
erosion in the southern region of Syria. The integration of GIS and re-
mote sensing technology played a key role to estimate the soil erosion
risk in a simple, easy and scientific way. Potential soil erosion ranged

10



UN
CO

RR
EC

TE
D

PR
OO

F

S. Mohammed et al. Remote Sensing Applications: Society and Environment xxx (xxxx) xxx-xxx

Fig. 9. Spatial distribution of annual soil loss (t h−1y−1).

Table 5
Soil loss distribution in the study area.

Erosion classes Soil loss (t h −1 y −1) Area (km 2) Percentage

Acceptable 0–5 490.48 94.74
Moderate 5–10 13.65 2.65
High 10–15 5.54 1.07
Severe 15–20 2.788 0.54
Extreme >20 3.53 1

from 1.26 to 350.5 t ha− 1 yr− 1. Where, 5% of the study area observed
the extreme erosion risk. Based on the findings, this study recommends
the implementation of an immediate soil conservation practice such as
agri-spillways; conservation tillage; buffer strips and minimum cultiva-
tion; and soil terracing in the most threatened areas, especially in the
northern part of the study area. For further studies, experimental plots
should be conducted to validate the RUSLE model. Meanwhile, deci

Table 6
Distribution of the areas (km 2) in different erosion levels in each land cover type.

Soil loss (t
h −1 yr −1) Forest

Water
body

Waste
Land

Agricultural
land

Built-
Up

0–5 28.40 0 29.48 332.2 100.2
5–10 0 0 2.72 10.80 0.12
10–15 0 0 1.35 4.15 0.01
15–20 0 0 0.66 2.1 0.004
>20 0 0 0.72 2.8 0.002

sion makers should carry out a future development plan in a more sci-
entific way for soil conservation in the study area.
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Table 7
Zonal Statistical analysis of soil erosion for each land cover types.

Land cover Soil loss (t h −1 yr −1)

Land cover Area/km 2 % Max Mean
Standard
deviation
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Water Body 2.14 0.41 0 0 0
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Agricultural
land
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Built-Up 100.43 19.46 58.19 0.171 0.49
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