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RESEARCH ARTICLE

Geo-Modeling approach to predicting of erosion risks utilizing RS and 
GIS data: A case study of Al-Hussain Basin, Tartous, Syria

Hazem Ghassan Abdo MSc

Soil erosion by water is a common environmental problem which can affect 
the sustainable development and the agriculture of developing countries 

especially. It is a process composed of three stages: detachment, transport 
and finally deposition of soil (1). Soil erosion occurs as a result of changes 
in agricultural practices, agricultural intensification, land degradation and 
global climate change (2). It is estimated that 85% of global land degradation 
is associated with soil erosion (3). Therefore, a precise assessment of soil 
erosion by water at watershed scale is needed.

The Mediterranean countries are particularly prone to erosion, because they 
are subject to prolonged dry periods followed by heavy erosive rains falling 
on steep slopes characterized by fragile soils. Mediterranean soils are fragile 
due to several reasons: i) The irregular and often intense precipitations 
that enhance erosion. ii) The large hilly and mountainous area with high 
steepness that accelerates soil erosion iii) The prevalence of high temperature 
that accelerates the mineralization of organic matter; and iv) The absence of 
an adequate soil-protective plant cover due to the climate’s severity and man-
made activities (over-grazing, urbanization, exaggerated use of fertilizers and 
pesticides, overexploitation of fire wood, bad management and improper 
conservation practices, etc.) (4). 

In the eastern part of the Mediterranean (Syrian, Lebanese, and Palestinian 
coasts), gradual land degradation is currently taking place. This is the result 
of rapid socio-economic changes, an increase in population growth and 
its associated demands, in addition to the abandonment of adopted land 
conservation measures and the misuse of land. Syrian soils suffer from 
soil erosion problem dramatically, at western coastal mountainous areas 
particularly, where it rains after long periods of drought at violent, focused, 
and short-duration form that no more than over several days at the annual 
total, along with very steep terrain, thus cliff tons of soil of fragile slopes 
(5,6).

Mapping of soil erosion is often difficult due to the complex interplay 
of many factors such as climate, land cover, soil, topography, and human 
activities (7).  The factors used in traditional methods were usually estimated 
or calculated from field measurements. The methods of quantifying soil 
loss based on erosion plots possess many limitations in terms of cost, 
representativeness, and reliability of the resulting data. They cannot provide 
spatial distribution of soil erosion due to the constraint of limited samples 
in complex environments. Therefore, mapping soil erosion in large areas 
is often very difficult using these conventional methods (8). Moreover, 
assessment of land degradation, especially in the developing countries of the 
Mediterranean, is difficult due to the lack of data and financing for such an 
assessment.

The use of remote sensing (RS) and geographical information system (GIS) 

data make soil erosion estimation and its spatial distribution feasible with 
reasonable costs and better accuracy in larger basins (9). For example, a 
combination of remote sensing, geographic information system, and Revised 
Universal Soil Loss Equation (RUSLE) provides the potential to estimate 
soil erosion on a cell-by-cell basis. However, the applications of GIS and 
RS in estimating soil erosion, discussed the difficulty and limitations of 
conventional methods, and identified that RS and GIS provided tremendous 
potential for improving soil erosion estimation (10,11).

Mapping of soil erosion risk within the Syrian coast basin has not attracted 
sufficient scientific attention; therefore, this paper explores the spatial 
distribution of erosion risks using a simplified RUSLE model based on the 
integration of remote sensing and GIS in Alhusain basin, Tartous, Syria. 
Hence, the output map is an important tool to assist soil conservation 
management and mitigate erosion risks.

MATERIALS AND METHODS

Study area and data used

Alhusain basin is part of the Syrian coastal basin system. Alhusain River Basin 
as shown in Figure 1 on digital elevation model (ASTER GDEM Validation 
Team) with 384 km2 area, is located in the Tartous Governorate in the west 
of Syria. It extends between the latitudes of 34°.95’’ and 35°.12’’ North and 
longitude of 35°.87” and 36°.27” East. Alhusain basin is surrounded by the 
coastal mountains from the east, the Mediterranean from the west, Marqya 
basin from the North, and Al-Ghamqa basin from the south. 

The elevations at the highest and lowest points are 1096 and 2 m above 
mean sea level, respectively. Various geological formations spread in the 
study basin, begin Jurassic in the top of basin, then formations of Cretaceous 
with basaltic ingots in the middle and bottom of it. Climatic conditions in 
the area subject to a Mediterranean climate with 1255 mm rainfall as shown 
in Figure 2, and average temperature is 19.5°C in summer and 12.4°C in 
winter (6).

Calculation of RUSLE parameters

The Revised Universal Soil Loss Equation (RUSLE) has been employed for 
this investigation. With the RUSLE model the average annual rate of soil 
loss can be estimated and the spatial distribution of the soil erosion risk map 
can be established. It is the most appropriate model that can be utilized to 
predict soil erosion loss based on the available data in Syria generally and 
Tartous specifically (12).

The RUSLE model represents how rainfall, topography, soil and vegetation 
affect rill and sheet soil erosion caused by raindrop impact and surface runoff 
(13). It has been recognized as the most widely used empirical model to assess 
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ABSTRACT 
Soil erosion is a major environmental problem in many parts of Syria 
generally, and in coast basin in western part particularly. The main objective 
of this paper is to integrate information from various sources including 
remote sensing and geographic information system data to accurately 
quantify and map the spatial distribution of the potential soil erosion risk in 
Alhusain basin, Tartous, Syria, using geospatial modeling and analysis tools.

The results show that 58% of the study basin has a low loss of soil, 27% 
moderate loss, 11% high loss, and 4% a very high loss, respectively. Alhusain 
basin is in the extremely severe level of soil erosion rates with about 15% of 
land affected by high and very high soil erosion risk. Therefore, the generated 
soil erosion map represents the effective base to spatial strategies for decision-
makers to avoid soil erosion risks and consequently to soil conservation.
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soil erosion loss, to estimate soil erosion risk and to guide soil conservation 
plans in order to control soil erosion (14,15). The average annual soil loss (A) 
in tons per hectare per year was quantified using RUSLE, expressed by the 
following equation (16):

A R K LS C P= × × × ×

where A is the average annual soil loss in tons per acre per year (t/ha/year), 
R the rainfall erosivity [MJ mm ha-1 h-1 year-1]; K the soil erodibility [ton ha-1 h 
MJ-1 ha-1 mm1], LS the hill slope length and steepness (dimensionless), C the 
cover management (dimensionless, values are ranging between 0.34 and 1), 
and P is the support practice (dimensionless, values ranging between 0 and 
1). All factors of the above that refer to impact of raindrop, soil properties, 
topography, vegetation and maintenance factors in soil erosion and its 
loss were mapped in study basin using Arc GIS software, and depend on 
precipitation data, soil data, and DEM, respectively.

Rainfall erosivity (R factor)

The rainfall erosivity (R) factor represents the effect of rainfall intensity 
on soil erosion and requires detailed   continuous data. R factor is often 
determined from rainfall intensity if such data are available. At present 
study, monthly rainfall data of 40 years (1970 - 2010) which is obtained from 
Directorate of Meteorology in Damascus (DMD) were used to calculate the R 
factor by the following Equation developed by Wischmeier (17):
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where R is a rainfall erositivity factor (MJ mm ha-1 h-1 per year); Pi is monthly 
rainfall (mm); P is an annual rainfall (mm). There are seven climatic stations 
established in and around Alhusain basin as shown in Figure 1 and Table 1.

The R factor value of each climatic station established in and around the 
study basin was calculated for the period of 41 years (1970–2010) using the 
above equation, and the R factor map of the study area was produced with 

the inverse distance weighted average (IDW) interpolation method in GIS. 
In this study, the R values were calculated between 4.6 and 42 MJ mm ha−1 
year−1, as shown Figure 3.

Soil erodibility factor (K)

The soil erodibility (K) factor is defined as the rate of soil loss per unit of R as 
measured on a unit plot, and it accounts for the influence of soil properties 
on soil loss during storm events. The K factor is related to soil texture, 
organic matter content, permeability class, and other factors, and it is largely 
determined by the soil type (18). 

K factor is a product of soil characteristics in terms of its structure, texture, 
content of organic matter, and permeability. K factor has been mapped after 
obtaining the results of analysis of soil samples and determining organic 
matter, sand, silt, and clay content of each sample from Beitkammouneh 
Center for Agricultural Research in Tartous. K factor values of soil groups 
in the basin were estimated by using the following equation introduced by 
Lee (19): 

( ) ( ) ( )4 1.142.1 10 12 3.25 2 2.5 3
100

OM M s p
K

−× − × + − + −
=

Where OM is the organic matter (%), s is soil structure class, p is permeability 
class, and M is aggregated variable derived from the granular soil texture: M 
= (% Msilt) × (% Silt + % Sand), and the modified silt (Msilt) is a percentage 
of grain size between 0.002 and 0.1 mm. By using the above equations, the K 
values (tons MJ-1 hmm-1) were computed and subsequently the K factor map 
was prepared (Figure 4).

Topographic factor (LS)

The slope length and steepness (LS) factor represents the effect of topography 
on soil erosion (19). The topographic factor includes the slope length factors 
(L) and slope steepness factors (S). The slope length factor (L) represents the
effect of slope length on erosion, and the slope steepness factor (S) reflects
the influence of slope gradient on erosion Figure 5.

LS factor in the study was calculated in the GIS environment by using 
digital elevation model (DEM) with 30 m resolution and considering the 
interactions between topography and flow accumulation by using the 
following equation:
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Climatic station Total annual rainfall (m) R factor (MJ mm ha-1 h-1 
year-1)

Tartuse 816 4.6

Alshikhbader 1172 16

Drekish 1203 23

Wadialoyon 1210 36

Hesnsliman 1255 42

TABLE 1
Climatic stations used in the study with R factor values for each 
station.

Figure 1) The location of study basin.

Figure 2) Spatial distribution of average annual precipitation

Figure 3) Spatial distribution of R factor values
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Prediction of erosion risk

The value of P factor ranges from 0 to 1, the value approaching to 0 indicates 
good conservation practice and the value approaching to 1 indicates poor 
conservation practice (17). According to field observations, agricultural 
practices observed in the study area consist of upslope and downslope tillage 
without any significant conservation support practices such as contouring 
or terracing. In order to neglect the P factor from soil erosion estimation, P 
equals to 1 as suggested by Wischmeier (17).

RESULTS AND DISCUSSION

The map of soil erosion risks or A factor is calculated by multiplying R, K, 
LS and C factors in ArcGIS software environment, as shown in Figure 9. 
As the map illustrated, Alhusain basin is exposed to excessive rates of soil 
erosion. The annual soil loss estimated for Alhusain basin ranged from 0 
to 110.32  ton/ha/yr. The mean soil erosion amount in the study basin was 
55.16 ton/ha/year.

The quantitative output of predicted soil loss is reclassified into four ordinal 
categories for visual interpretation. As seen from the, results show that 58% 
was predicted to have low erosion rates between 0–19.9 ton/ha/year, 27% 
was estimated to have moderate erosion rates 21 - 50 ton/ha/year, 11% 
has high erosion rates 51–90 ton/ha/year, and 4% has high erosion rates 
91–110.32 ton/ha/year, respectively. Meanwhile, Figure 9 also presents the 
spatial distribution of each class in Table 2.

As seen in Figure 8, the average annual soil erosion in most of the area is 
between 0 and 20 tha−1 year−1. With regard to the spatial variation, the areas 
with severe erosion rates were located in the central and eastern parts of 
the study basin, while the areas with low erosion rates were in the western 
and far eastern parts of study basin. However, it should be noted that areas 

Figure 4) Spatial distribution of K factor values

Figure 5) Spatial distribution of slope degrees values

where flow accumulation is the grid layer of flow accumulation expressed as 

the number of grid cells, and cell size is the length of a cell side. LS values of 
the study basin are in the range of 0–51.3 and most of the study basin falls in 
between 0 and 41 (Figure 6). 

Vegetation factor (C)

The vegetation controls soil erosion by means of its canopy, roots, and litter 
components; erosion also influences vegetation in terms of the composition, 
structure, and growth pattern of the plant community (20). The Vegetation 
factor or C factor is the most important parameter included in calculating 
the amount of soil loss in RUSLE model depending on severe impact of 
the erosion of soils. Vegetation cover protects the soil by dissipating the 
raindrop energy before it reaches the soil surface. As such, soil erosion can 
be effectively limited with proper management of vegetation, plant residue 
and tillage (21).

C-factor values were determined depending on the approaches created based 
on the reverse linear correlation between Normalized Difference Vegetation 
Index (NDVI) index and C factor (20). NDVI index was calculated by using 
Landsat OLI 8 (earthexplorer.usgs.gov) that it taken at May 2017 through the 
following equation:

NDVI  (R N= I RED( ) − /  NI+ R RED)
Where NIR and RED are near infrared and red bands, respectively.

Spatial distribution of NDVI values shown in Figure 7 that ranges between 
– 0.04 and 0.65. After obtaining NDVI index values, it can be calculated 
C-factor through the following equation:

Cfactor = 1.02 −  1.21xNDVI
Figure 8 illustrates the spatial distribution of C factor values that ranged from 
0.34 to 1. On this map, lower value of C factor indicates the area possesses 
good vegetative cover and higher value indicates barren land.

Conservation support practice factor (P)

The conservation practice factor (P) represents the ratio of soil loss by 
a support practice to that of straight-row farming up and down the slope 
and is used to account for the positive impacts of those support practices. 
These practices principally affect erosion by modifying the flow pattern, 
grade or direction of surface run-off, and by reducing the amount and rate of 
runoff. For cropland, the support practices considered included contouring, 
terracing, strip cropping, and subsurface drainage (14). 
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Figure 6) Spatial distribution of LS factor values

Figure 7) Spatial distribution of NDVI values in May 2017

Figure 8) Spatial distribution of C factor values based on NDVI indicator
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Figure 9) Map of soil erosion risks in Alhusain basin

Soil loss class Rate of soil loss class in 
ton/ha/year Area (Km2) Percentage (%)

Low >20 223 58

Moderate 21 - 50 105 27

High 51 - 90 42 11

Very high 91 – 110.32 14 4

TABLE 2

with amount of erosion greater than 91 th−1 year−1 have been distributed in 
the watershed non-uniformly at the pixel level. However, Reason for areas 
of high soil erosion is related to steep slopes (Figure 5), poor conservation 
practices, low vegetation cover and high rainfall. These areas need suitable 
conservation measures to be adopted on a priority.

CONCLUSION

This study aimed to produce valuable information about soil erosion risk in 
Alhusain basin by using RUSLE model in GIS environment for planning 
appropriate conservation measures. The results show that soils susceptible 
to severe erosion with a soil loss more than 110 (t/ha/year). However, the 
annual rate of soil erosion will be helpful in determining of critical areas for 
implementation of soil conservation proceedings and effective checking of 
soil erosion and determine and manage appropriate use.
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