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Abstract 

The loss of soil quality due to erosion is a global problem, particularly affecting natural resources and agricultural pro-
duction in Algeria. In this study, the Revised Universal Soil Loss Equation (RUSLE) is applied to estimate the risk of water 
erosion in the Ain Sefra arid watershed (Algeria). The coupling of this equation with Geographic Information Systems 
(GIS) allows to assess and map the soil loss rates. The land erosion is influenced by many control variables, such as the 
topographic factor of the terrain and the length of slope (LS factor), rainfall erosivity (R factor), sensitivity of soil to erosion 
(K factor), presence of vegetation (C factor) and the anti-erosion cultivation techniques (P factor). To calculate the average 
annual soil loss, these five factors were considered and multiplied in the RUSLE Equation. The result shows that the aver-
age rate of soil loss is estimated at about 5.2 t·ha–1·y–1 over the whole watershed. This study is the first of its kind in the 
region and aims to assess the soil loss caused by water erosion processes in this arid zone. Consequently, it is essential to 
take real intervention measures in these upstream areas in order to combat this scourge, based on priorities ensuring the 
sustainable management of natural resources in the study area. 

Key words: Ain Sefra watershed, Algeria, arid region, GIS, RUSLE, soil erosion  

INTRODUCTION 

Soil erosion is the detachment, transport and deposi-
tion of soil particles by usually combined action of rain 
and runoff. This process of soil degradation by runoff wa-
ter, especially in areas without permanent vegetation, is 
probably the most important scourge, for it is irreversible 
and generally on a large scale [HONORATO et al. 2001]. 
The world is currently facing a real environmental problem 
that threatens the biodiversity and productivity of the ma-
jority of natural and agricultural ecosystems, which also 
threatens the lives of most small-scale farmers [GESSESSE 
et al. 2015].  

Soil degradation, which often has a more dramatic 
character, is the result of many factors, including climatic, 
lithological, natural, topographical, vegetative cover and 

environmental ones. We confirm that the climatic factor is 
the most important and it has become increasingly aggres-
sive leading rapidly to soil degradation if the soil is insuf-
ficiently protected by dense vegetation. This process oc-
curs when rainfall erosion coincides with inappropriate 
anthropogenic practices, such as slope tillage, land clear-
ing, deforestation, expansion of urban areas and road con-
struction for the benefit of agricultural land, as well as 
overgrazing and lack of control, which aggravate the prob-
lem [WOLDEMARIAM et al. 2018].  

Worldwide, average soil erosion rates are estimated to 
be between 12 and 15 t∙ha–1∙y–1 [PHAM et al. 2018]. In dry-
lands, they are aggravated due to severe quantitative and 
qualitative degradation caused by water erosion. The latter 
is a natural phenomenon that evolves with the anthropic 
evolution and the severity of the climate [DJOUKBALA et 
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al. 2018]. Each year, the land area loses about 0.90 to 0.95 
mm of soil [FAO 2015].  

In the case of Algeria, the land affected by erosion is 
estimated at about 20 mln ha. It includes in particular 
mountainous areas with 90% of dams and the population of 
about 20 mln people [MAZOUR, ROOSE 2002].  

Many tools have been developed by researchers to 
quantify soil loss, including the Universal Soil Loss Equa-
tion (USLE) [WISCHMEIER, SMITH 1978], Revised Univer-
sal Soil Loss Equation (RUSLE) [RENARD et al. 1997], 
Water Erosion Prediction Project (WEPP) [NEARING et al. 
1989], Soil and Water Assessment Tool (SWAT) [ARNOLD 
et al. 1998], etc. Recent studies have shown that the com-
bination of the RULSE, Remote Sensing (RS) and Geo-
graphic Information Systems (GIS) have provided reliable 
support and tools for natural resource monitoring and dis-
aster risk reduction. 

The research requires a great deal of spatial data which 
the GIS is likely to process in a simple and efficient man-
ner. For this reason, many researchers use the GIS as the 
main approach to estimate soil erosion at all spatial scales 
[BELASRI et al. 2016]. The aim of this study is to provide 
a spatial analysis of soil erosion using the RUSLE and GIS 
in the arid catchment area of the Wadi Ain Sefra in the 
Ksour Mountains, Algeria. The analysis is widely used by 
scientists in semi-arid and arid regions around the world, 
particularly in Algeria [BENKADJA et al. 2015; BENCHET-
TOUH et al. 2017; DJOUKBALA et al. 2018; HASBAIA et al. 
2017; KOUSSA, BOUZIANE. 2019; TOUBAL et al. 2018].  

The results have shown a high annual degradation rate 
and led to the deployment of soil-based tools to ascertain 
the exact amount of the annual soil loss or degradation, and  
 

guide the precise identification of highly degraded areas 
that require to be prioritized in terms of interventions in the 
study area. 

MATERIALS AND METHODS 

STUDY AREA 

The basin of the Ain Sefra wadi has an area of 1903.49 
km2. It is located in the south-west of Algeria, in the Ksour 
Mountains, between 0°26'59'' and 1°3'51" W longitude and 
between 32°28'13'' and 33°1'45" N latitude (Fig. 1). 

The climate in the study area is of the Mediterranean 
type, with the arid southern part benefiting from an aver-
age annual rainfall of 217 mm, while the average annual 
temperature recorded at the meteorological station of Ain 
Sefra is 18.58°C. This watershed, marked by diversified 
topographical conditions, belongs to the high plateau of 
north-west Algeria. The relief extends from 1036 to 2141 
m a.s.l. (Tab. 1). 

The Ksour Massif, part of the Saharan Atlas, is a fairly 
high mountainous region with peaks exceeding 2000 m in 
altitude, such as the Jebel Aïssa (2236 m), the Mir-Jebel 
(2145 m) and the Jebel Mekter (2029 m). 

Population growth in the commune of Ain Sefra 
(253,530 inhabitants in 2015) is responsible for additional 
needs for food and agricultural land, which has led to the 
deforestation. The population growth rate was 4.18% be-
tween 2008 and 2014 [DPSB 2016]. 

Agriculture and pastoralism are indeed the two activi-
ties that have always been the economic vocation of this 
commune. The useful agricultural area is 2,957 ha, 85.99% 

 
Fig. 1. Location of the study area; source: own elaboration 
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Table 1. Morphometric data for the Wadi Ain Sefra catchment  

Parameter Unit Value 
Area  km2 1 903.49 
Perimeter  km 275.81 
Compactness index  – 1.63 
Minimum altitude  m 1036 
Maximum altitude  m 2141 
Length of the rectangle  km 106.89 
Width of the rectangle  km 17.80 
Length of the main river  km 89.8 
Drainage density  km∙km–2 3.2 
Source: own elaboration. 

of which is irrigated. In contrast to this type of land, the 
area of grazing land and rangelands accounts for almost all 
of the total area; it is 50 294 ha or 94.42% [DPSB 2016]. 
These figures clearly show that pastoralism is the main 
vocation in the commune. It should enable to restore and 
preserve the balance of the natural environment, improve-
ment of the fodder supply, fight against desertification and 
water erosion, as well as the creation of jobs through seri-
ous and effective development programs that will guaran-
tee sustainable development in these arid regions. 

Due to its position at the heart of a fragile ecosystem, 
the soil has a sandy, silty and sandy-clay texture and has 
a very low organic matter content, the region of Ain Sefra 
is characterized by a steppe environment strongly subject-
ed to three scourges: degradation and regression of the 
plant cover due to the disappearance of Lygeum spartum L. 
and gray-leaved sagebrush (Artemisia herba-alba Asso) 
and a clear regression of Alfa (Stipa tenacissima L.) 

(19 680 ha in 1976 and only 10 732 ha in 2014) which tes-
tify to an alarming degradation of the plant cover and the 
need for emergency interventions [DPSB 2016]. Together 
with the risk of silting, overloading of rangelands and the 
anthropic action characterized by clearing and illegal 
ploughing and abusive exploitation of the plant cover 
threaten both urban areas and road infrastructure, as well 
as farms and pose the risks of flooding and water erosion. 
This often affects the whole of the study area. 

RUSLE MODEL 

For this study, soil losses were estimated based on the 
Revised Universal Soil Loss Equation (RUSLE) developed 
by RENARD et al. [1997], which is a revised version of the 
USLE model [WISCHMEIER, SMITH 1978], the most popu-
lar model in the world in this field which is based on the 
following equation (Eq. 1): 

 𝐴 =  𝑅 ∙ 𝐾 ∙ 𝐿𝐿 ∙ 𝐶 ∙ 𝑃  (1) 

Where: A = the estimated annual soil loss (t∙ha–1∙y–1), R = 
the rainfall erosivity factor (MJ∙mm∙ha–1∙h–1∙y–1), K = the 
soil erodibility factor (t∙ha–1∙h–1∙MJ–1∙ha–1∙mm–1), L = the 
length of the slope and S is the degree of slope (dimension-
less), C = the vegetation cover control factor (dimension-
less) and P = related to the supporting practices and ameni-
ties (dimensionless).  

The information on these five main factors controlling 
the soil erosion was obtained from different primary and 
secondary data sources (Fig. 2). The description of the data 
used is presented in Table 2. 

 
Fig. 2. The flow-chart of the methodology used, based on RUSLE equation and GIS; source: own elaboration 
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Table 2. Information on the data used in this study 

Data type Data format Description Data source 

Annual and monthly rainfall Excel  annual rainfall 
(1980–2019) National Agency for Hydraulic Resources (NAHR) 

The topographical data (Shuttle 
Radar Topography Mission SRTM) Raster  resolution: 30 m The United States Geological Survey 

(http://earthexplorer.usgs.gov/) 

Landsat 8 satellite image Raster  capture date: 9 March 2018 
resolution: 30 m 

The United States Geological Survey 
(http://earthexplorer.usgs.gov/) 

Soil characteristics Excel and Raster  Harmonized world 
soil database (HWSD) 

Harmonized world soil database version 1.2 
(http://webarchive.iiasa.ac.at/Research/LUC/External-World-
soil-database/HTML/) 

Source: own elaboration. 

Rainfall erosivity factor (R) 

The process of soil erosion is highly conditioned by 
the kinetic energy of water drops under the pressure of 
splashes and runoff (splash effect). According to WISCH-
MEIER and SMITH [1978], the R-factor can be explained by 
the interaction between the kinetic energy of precipitation 
and the soil surface.  

With the RUSLE model, and according to RENARD et 
al. [1997], the estimation of precipitation erosivity parame-
ters was based on multiplying the total energy of the storm 
by the intensity of 30 minutes precipitation. In this study, 
meteorological data used to estimate the rainfall erosivity 
factor (R) were obtained from the National Agency for 
Hydraulic Resources (Fr. Agence Nationale de Ressources 
Hydriques – ANHR). Monthly and annual precipitation 
data were collected from 07 weather stations (Ain Sefra, 
Naama, Mechria, Bechar, El Bayadh, El Kheiter and Sai-
da) and the National Agency for Hydraulic Resources 
(ANHR) over a period of 25 to 30 years (Tab. 3). R values 
for the entire watershed were calculated and interpolated 
using the Ordinary Kriging interpolation within the GIS. 

For the present study, due to the lack of available data 
on precipitation intensity, it is not possible to use the for-
mula given by RENARD et al. [1997]. In fact, this situation 
occurs in most of the Algerian watersheds. Indeed, the 
most reliable rainfall data are those recorded on a daily, 
monthly and annual scale; for this reason, an alternative 
based on monthly and annual rainfall (Eq. 2) was pre-
ferred. Numerous researchers have applied and proposed 
the said formula, such as: KALMAN [1967], RANGO and 
ARNOLDUS [1977], DJOUKBALA et al. [2018] and BEN-
SELAMA et al. [2018]. 

 log𝑅 = 1.74 log� 𝑃𝑃2

𝑃

12

𝑃=1
+ 1.29   (2) 

Where: R = rainfall erosivity factor (MJ∙mm∙ha–1∙h–1∙y–1), 
P = annual rainfall (mm), Pi = monthly rainfall (mm).  

Soil erodibility (K)  

The soil erodibility factor (K) depends on soil texture, 
soil structure, soil permeability and organic matter (OM) 
richness. It generally depends on the nature of soil, slope 
inclination and the density of the plant cover [THIAW, 
HONORE 2017]. For the present study, the K-factor is ob-
tained from the Harmonized World Soil Database (HWSD) 
version 1.2 [FAO/IIASA/ISRIC/ISSCAS/JRC 2012]. This 
database consists of a raster GIS document that is associat-
ed with a database in the Microsoft Access format (Fig. 2). 
According to FAO/IIASA/ISRIC/ISSCAS/JRC [2012] da-
ta, more than 16,000 different soil mapping units are rec-
ognized in the HWSD, which consists of 21600 rows and 
43,200 columns, or 221 mln grid cells to cover the entire 
world, which are associated with harmonized attribute sets. 

The use of a standardized grid offers the possibility to 
link the attribute data to the raster layer in order to display 
or examine the composition in soil units and to determine 
selected soil parameters, such as those given by BENSELA-
MA et al. [2018]: organic carbon, pH, water storage capaci-
ty, soil depth, exchange capacity of soil legends and clay 
fraction, total exchangeable nutrients, lime and gypsum 
content, percent of sodium exchange, salinity, texture class 
and particle size. In our case, the soil erodibility value was 
calculated according to Equations (3)–(7) recommended by 
NEITSCH et al. [2011]. 

  𝐾USLE = 𝐾𝑤  = 𝑓𝑐sand. 𝑓cl−si. 𝑓Corg. 𝑓ℎ𝑃sand   (3) 

Where: fcsand = a factor that decreases the K value for soils 
with a high proportion of coarse sand and increases the K 
value in cases where the soil contains little sand; fcl-si = 
a low erodibility factor in soils with a high clay-silica 
 

Table 3. Information on rainfall stations located in the study area (period: 1980–2019) 

Station Longitude (E) Latitude (N) Altitude  
(m a.s.l.) Period Average annual 

rainfall (mm) 
Ain Sefra 3862472.92 –66366.45 10 580 1981–2019 215.34 
Naama 3930900.78 –33804.28 11 660 1995–2019 241.50 
Mechria 3965693.96 –31621.04 11 490 1980–2019 275.34 
El Kheiter 4048563.64 7643.70 10 000 1981–2019 260.80 
El Bayadh 3983133.54 111598.06 13 410 1980–2019 336.19 
Saida 4145791.54 16816.15 7 700 1981–2019 430.21 
Bechar 3713157.96 –249184.71 7 730 1980–2019 150.17 
Source: ANRH [2020]. 
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Table 4. Determination of K-factor values within the Wadi Ain Sefra catchment  

Sample 
Percentage content in top soil Corg  

(%) fcsand fcl-si fCorg fhisand KUSLE K 
ms  msilt  mc  

YK – sand 63.5 17.9 18.7 0.26 0.200 0.147 1.000 0.986 0.029 0.029 
YK – sand 63.5 17.9 18.7 0.26 0.200 0.147 1.000 0.986 0.029 0.029 
Y – loam 49.2 26.0 24.8 0.33 0.200 0.154 0.999 0.999 0.031 0.340 

YK – sand 63.5 17.9 18.7 0.26 0.200 0.147 1.000 0.986 0.029 0.029 
Y – loam 49.2 26.0 24.8 0.33 0.200 0.154 0.999 0.999 0.031 0.340 

Explanations: ms = the percentage of sand particles content (0.05–2.00 mm diameter), msilt = the percentage of silt content (0.002–0.05 mm diameter), mc = 
the percentage of clay content (<0.002 mm diameter); Corg = the percentage of the organic carbon content of the stratum.  
Source: own study. 

ratio; fCorg reduces the K values when the organic matter 
content is high; fhisand reduces the K values when the sand 
content is high. 

 𝑓𝑐sand = 0.2 + 0.3 exp �−0.256𝑚𝑠 �1 − 𝑚silt
100

�� (4) 

 𝑓cl−si = 𝑚silt
𝑚𝑐+𝑚silt

 (5) 

 𝑓Corg = 1 − 0.25Corg
Corg+exp�3.72−2.95Corg�

 (6) 

 𝑓ℎ𝑃sand = 1 −
0.7(1−𝑚𝑠

100)

�1−𝑚𝑠
100�+exp�−5.51+22.9(1−𝑚𝑠

100)�
 (7) 

Where: ms = the percentage of sand particles content 
(0.05–2.00 mm diameter), msilt = the percentage of silt con-
tent (0.002–0.05 mm diameter), mc = the percentage of 
clay content (<0.002 mm diameter); Corg = the percentage 
of the organic carbon content of the stratum.  

The samples YK and Y represent sandy and clayey 
soil textures respectively of the topsoil collected in the 
Harmonized World Soil Database (HWSD) on the 
FAO/IIASA/ISRIC/ISSCAS/JRC [2012] (Tab. 4).  

LS factor 

The topographic component (LS) consists of two ele-
ments, namely the length of the slope (L) and its degree of 
inclination (S), which have a great impact on water flows 
and thus on water induced erosion, in general. When the 
length and slope of the watershed slope are longer and 
steeper, the flow rate and speed of runoff will increase. In 
this work, the digital elevation model (DEM) of the area 
was used, extracted from the ASTER GDEM (Advanced 
Spaceborne Thermal Emission and Reflection Radiometer 
Global Digital Elevation Model) which was downloaded 
from the USGS (United States Geological Survey) plat-
form accessible in 2018 (resolution 30 m) – Figure 2. This 
required multiple pre-processing from the Spatial Analyst 
interface of the GIS software. Firstly, the accumulation of 
flows (flow-acc) was identified, which allowed us to de-
duce the length of the slope (L). In the second step, we es-
timated the slope, by using the Slope tool from Spatial An-
alyst Tools, which is used to determine the exponent (m) 
and then the factor (S) respectively. The last step is the 
combination of factors L and S. 

To calculate the topographic factor (LS), we have re-
lied on the formula defined by WISCHMEIER and SMITH 
[1978], which has been applied by several researchers such  

as: RODRIGUEZ and SUÁREZ [2010], DJOUKBALA et al. 
[2018]; BENSELAMA et al. [2018], KOUSSA and BOUZIANE 
[2019] (Eq. 8). 

 𝐿𝐿 = (𝐹𝐴 𝐴
22.1

)𝑚(0.065 + 0.045𝐿 + 0.0065𝐿2)  (8) 

Where: FA = flow accumulation; A = the size of the DEM 
data (30 m by 30 m); S = the angle of the slope (%); m = 
a parameter related to different classes of slopes.  

In our study, m = 3 which corresponds to the slope of 
(1–3%) WISCHMEIER and SMITH [1978]. 

C factor 

STONE and HILBORN [2000] defined the C-factor, the 
vegetation factor, and compared losses on land under 
a specific cropping and management system with the cor-
responding losses in a field constantly left fallow. 
BENCHETTOUH et al. [2017] considered the land cover fac-
tor (C) to be the second major factor determining soil ero-
sion after topography. We consider the land cover factor to 
be the most important one, since together with other condi-
tions it is the easiest to control and combat erosion. There-
fore, parameter C is a factor closely related to landscape 
conservation. 

In general, C-factor values close to 0 are assigned to 
areas of a high vegetation cover while those close to 1 cor-
respond to bare land [SEMWAL et al. 2017]. In the current 
study, data related to the normalized difference vegetation 
index (NDVI) (acquisition date: 9 March 2018, acquired 
from Landsat 8 satellite imagery with a spatial resolution 
of 30 m) were used to assess the C-factor and thus interpret 
the impact of different vegetation layers on the soil loss in 
the study area (Fig. 2). The NDVI was determined from 
a combination of red and infrared GIS bands. The follow-
ing formula, applied by DJOUKBALA et al. [2018] and 
BENSELAMA et al. [2018] was used to calculate parameter 
C from:  

 𝐶 = 0.9167 − 1.1667 𝑁𝑁𝑁𝑁  (9) 

Agricultural practices and soil conservation factor (P) 

The P-factor reflects the cultivation practices used 
(land management methods, in particular direction of 
ploughing and orientation of crop on sloping land), as well 
as soil conservation measures (reforestation and slope fixa-
tion). This runoff management system reduces the speed of 
runoff and promotes soil infiltration by modifying soil 
properties to reduce the effects of soil erosion.  
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This P-factor varies according to the protection tech-
niques implemented at the watershed level. It ranges from 
0 in the most protected areas to 1 in those areas where 
there are no conservation practices. In this study, the  
P-factor was estimated based on the slope system of the 
watershed, and we used the value of the supporting prac-
tice factor based on the cultivation methods and slope 
[SHIN 1999]. 

Table 5. Values of the P-factor by crop and slope types 

Parameter 
P-value at slope (%) 

0–7.0 7.0–11.3 11.3–17.6 17.6–26.8 >26.8 
Contouring 0.55 0.60 0.80 0.90 1.00 
Strip cropping 0.27 0.30 0.40 0.45 0.50 
Terracing 0.10 0.12 0.16 0.18 0.20 

Source: SHIN [1999], modified. 

RESULTS AND DISCUSSION 

MODEL PARAMETERS 

The rainfall erosivity factor (R). The spatial distribu-
tion of the rainfall regime in the Wadi Ain Sefra catchment 
ranges from 197.50 to 227.58 MJ∙mm∙ha–1∙h–1∙y–1 and var-
ies according to the rainfall characteristics (Fig. 3). This 
distribution highlights high erosivity in the northeast part 
of the basin, whereas the lowest values are found in the 
southwest of the study area. Indeed, the catchment area of 
the Wadi Ain Sefra is marked by a strong aggressive cli-
mate impact ranging from south to north.  

 
Fig. 3. R factor map of the study area; source: own study 

The distribution of the R factor over the catchment ar-
ea can be divided into several classes, of which 41% are 
marked by a high erosivity, with R values ranging from 
214.26 to 227.58 MJ∙mm∙ha–1∙h–1∙y–1. On the other hand, 
low erosivity is observed with R values between 197.50 
and 209.41 MJ∙mm∙ha–1∙h–1∙y–1, affecting 38% of the sur-
face area of the basin. The moderate erosivity class with 
R factor of 209.42 to 214.25 MJ∙mm∙ha–1∙h–1∙y–1 can be 
found in the rest of the catchment area, i.e. about 21% of 
the surface area. 

The soil erodibility factor (K). K factor values extract-
ed from the HWSD global database for the Wadi Ain Sefra 
catchment range from 0.03 to 0.34 t∙ha–1∙h–1·MJ–1∙mm–1; 
they are low over the entire catchment area and are at-
tributed to the coarse soils that favour water infiltration 
rather than runoff (Fig. 4). 

 
Fig. 4. The soil erodibility factor (K-factor) map  

of the Wadi Ain Seftra catchment; source: own study 

LS factor  

According to the distribution of the LS-factor, its  
values range from 0.03 to 63.29 (Fig. 5). High values are 
found in the mountainous areas of the upper valley, where 
the soil is uneven and threatened by erosion. On the other 
hand, lower values (LS < 5) are recorded in the central and 
north-western part of the Ain Sefra catchment. LS values 
considered to be low (less than 0.5) are observed in the 
plain which occupies the largest area of the Wadi Ain 
Sefra watershed (89%). They correspond to a low altitude 
of the plain and the stream channel. This is explained by 
a rather heterogeneous relief that characterizes the study 
area. 

 
Fig. 5. The LS factor map of the Wadi Ain Seftra catchment; 

source: own study 
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Vegetation cover factor (C) 

The values of the normalized difference vegetation in-
dices (NDVI) are in the range of –1 to +1. Negative values 
are found in areas without vegetation cover but with snow, 
water or clouds, where the reflectance of red is higher than 
that of near infrared SOUIDI et al. [2014]. Since the reflec-
tance is of the same order of magnitude for red and near 
infrared, the NDVI value is practically zero for bare 
ground. Vegetation formations have a positive NDVI value, 
generally between 0.1 and 0.7. The highest values are at-
tributed to the densest vegetation cover. As shown in Fig-
ure 6, NDVI values vary between –0.22 and +0.47. Low 
values can be found in the summits of the Djebels while 
high values correspond to lands with variable vegetation. 
Agricultural activity is concentrated at the edges of the 
wadis in the center and south-east of the watershed. 

 
Fig. 6. Normalized difference vegetation index (NDVI) values 

spatially distributed in the Wadi Ain Sefra catchment area; 
source: own study   

The C-factor map (Fig. 7) shows the reaction of differ-
ent land use patterns to the erosion process. It is observed 
that the value of the C-factor over the whole study area in 
question is highly variable, ranging from 0.15 to 1. Most of 
the study area (96%) has a very low vegetation cover and 
only 4% of it is sufficiently well protected, with a C < 0.6. 
There is a low vegetation cover in pastures overgrazed by 
overstocking, sparse forests threatened by land clearing 
and cereal fields which are highly sensitive to all forms of 
erosion (water and wind).  

Conservation support practice factor (P) 

As shown in Figure 8, the value of factor P of the re-
vised universal soil loss equation for the Ain Sefra water-
shed varies from 0.55 to 1.00 depending on the land use 
and gradients of the land slope. In our situation, the highest 
values (0.60–1.00) are justified by the absence or inade-
quacy of support means and practices in 90% of the overall 
watershed perimeter. On the remaining 10%, low P values 
(<0.60) are distributed in the central and north-western part 
of the catchment area, in association with a slight relief. 

 

 
Fig. 7. Vegetation cover factor (C-factor) mapping in the Wadi 

Ain Sefra catchment; source: own study 

 
Fig. 8. The conservation support practice factor (P-factor) map  

of the Wadi Ain Sefra watershed; source: own study 

POTENTIAL EROSION RISK MAP  

The application of the RUSLE soil erosion model cou-
pled with the GIS allowed us to estimate the spatial distri-
bution of soil loss over the Wadi Ain Sefra watershed. Fig-
ure 9 presents classes related to soil loss in the study area. 

 
Fig. 9. Soil loss (t∙ha–1∙y–1) rates by classes for the Wadi Ain 

Sefra catchment; source: own study 
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The results show that about 23.87% of the study area 
has a very low potential erosion risk (<3 t∙ha–1∙y–1), while 
41.65% of the study area has a low potential erosion risk 
(between 3 and 7 t∙ha–1∙y–1), 24.56% of this area is classi-
fied under a potentially moderate risk (between 7 and 12 
t∙ha–1∙y–1), 8.94% under a potentially high risk (between 12 
and 19 t∙ha–1∙y–1), and finally 0.98% is classified under 
a potentially very high risk (higher than 19 t∙ha–1∙y–1). The 
average soil loss in the study area, estimated at 5.2  
(t∙ha–1∙y–1), is concentrated in sectors where the risk of ero-
sion is low. 

According to the erosion risk map (Fig. 10), this threat 
does not manifest itself in a homogeneous form in the Ain 
Sefra catchment. It is judged as low to moderate on the 
171,457.15 ha, which represent 90.08% of the total catch-
ment area. The area is located in a relief with low LS and 
with moderate to high vegetation cover (C). For the rest of 
the catchment area (9.02%), the situation is more worrying 
and erosion risks are classified from high to very high (Fig. 
9). This applies especially to the central and south-eastern 
part of the Ain Sefra catchment, where high values for 
rainfall erosivity (R > 209) and soil erosion (K > 0.03), 
with very hilly relief (LS > 3) are associated with a moder-
ate vegetation cover (C > 0.30) and negative impacts of 
uncontrolled agricultural practices (P > 0.60). 

 
Fig. 10. Soil loss map (t∙ha–1∙y–1) and erosion risk classes  

in the Wadi Ain Sefra catchment; source: own study 

These results differ from those found in many Algerian 
catchment areas, such as the Wadi Mina (11.2 t∙ha–1∙y–1) 
[BENCHETTOUH et al. 2017], as well as in the Wadi Sa-
houat catchment, whose potential soil losses are estimated 
between 12 and 16 t∙ha–1∙y–1 [TOUBAL et al. 2018], or in 
the Wadi El Maleh with 9 t∙ha–1∙y–1 [BENSELAMA et al. 
2018].  

They are also compatible with the results from other 
studies on water induced erosion problems carried out in 
mountainous areas with similar climatic and environmental 
characteristics. In Khanechela, the K'sob catchment has an 
average annual loss of 4.6 t∙ha–1∙y–1 [BENKADJA et al. 2015]; 
they also indicate that the regions of Masàad and Hassi 
bahbeh are subject to high erosion leading to annual losses  
 

between 1.5 and 23 t∙ha–1∙y–1 [KOUSSA, BOUZIANE 2018], 
whereas in the Wadi El-Ham the loss is 5.7 t∙ha–1∙y–1 
[DJOUKBALA et al. 2018]. 

The results show that the soils of the Ain Sefra region 
are subject to various factors that promote the erosion 
mechanism, notably the degradation of the vegetation cov-
er through overgrazing and the extension of random cereal 
crops to the perennial plant profile. These results also 
make it possible to improve the land management through 
anti-erosion schemes designed to combat the effects of 
water erosion. This calls for adequate decision-making to 
preserve the environment in a sustainable manner and to 
ensure a balance between agricultural potential and natural 
water and soil resources. 

CONCLUSIONS 

This study shows the application of the empirical 
model to estimate the spatial distribution of soil erosion in 
the Wadi Ain Sefra catchment. The coupling of the 
RUSLE model with GIS helps to determine different types 
of erosion and sectors most affected and to quantify specif-
ic soil degradation.  

It is also noted that soil losses are strongly related to 
the degree of rainfall erosivity as well as on the density of 
the vegetation cover in interaction with several factors. 
These include mainly the predominance of steeply erodible 
soils combined with intensive agriculture and grazing, 
which leads to the disappearance of plant stands in favour 
of anarchic cereal crops. The situation is aggravated by 
insufficient or absent means for combating erosion in the 
region. 

According to the results obtained, approximately 
23.87% of the study area has a very low potential erosion 
risk (<3 t∙ha–1∙y–1), 41.65% has a low potential erosion risk 
(between 3 and 7 t∙ha–1∙y–1), and 24.56% of this area fall in 
the moderate potential risk category (between 7 and 12 
t∙ha–1∙y–1). The potential erosion risk is high (between 12 
and 19 t∙ha–1∙y–1) in 8.94% of the study area, and in only 
0.98% of the Wadi Ain Sefra catchment the potential ero-
sion risk is very high (more than 19 t∙ha–1∙y–1).  

The results provide important support to decision-
makers and development managers help to simulate land 
degradation evolution scenarios in the Wadi Ain Sefra 
catchment. Above all, the results should be used for plan-
ning and programming of anti-erosion actions in the entire 
Ksour Mountains region. It should be pointed out that there 
is a shortage of studies that would allow us to estimate soil 
losses due to water erosion in these arid regions. 

The RUSLE model has proven its effectiveness as 
a practical and modular tool in this field. The model ena-
bles to analyse the evolution of the general soil erosion and 
to provide basic data to prevent soil losses in the region. At 
the same time, it provides decision-makers with useful in-
formation for setting up future soil and water conservation 
programs in the region in particular in the Wadi Ain Sefra 
catchment.  
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