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ABSTRACT 
 

It is important to combine different methods to quantify the soil loss in a mountainous sub-
watershed. Geographic Information System (GIS), Remote Sensing and Revised Universal Soil 
Loss Equation (RUSLE) were adopted to estimate the annual soil loss in the highest watershed in 
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Morocco. The High valley of Tifnoute is a part of a national park of Toubkal and constitutes a best 
choice for such application. The availability of some ecological resources (Lake ifni) and the 
population that suffers from yearly loss of their agricultural areas constitute a primary need for 
erosion mapping, which make it’s the first one in the study area. The deterioration of                     
ecological heritage and agricultural fields by sediment filling are the major problems in the study 
area. 
The RUSLE factors (R, K, LS, C and P) were computed using Tropical Rainfall Measuring Mission 
(TRMM), soil analysis, topographic map, remote sensing and digital elevation model (DEM). The 
resultant map of annual soil erosion with RUSLE method show a real problem of soil loss in the 
study area, and high soil erosion zones are located in the middle and in upstream of the                               
watershed. The sediments transported constitues a big problem for Ifni lake located in                
downstream of the sub-watershed. The article highlights the application of RUSLE, GIS and RS 
methods in the mapping of annual soil loss estimation in mountainous area. The                            
results constitue an essential database to offer a planning of conservation practices to control soil 
erosion. 

 
 
Keywords: Soil erosion; GIS; remote sensing; RUSLE; TRMM; mountainous watershed. 

 
1. INTRODUCTION  
 
Soil erosion risk constitutes a serious 
environmental problem. Many regions in 
Morocco have a serious problem of soil 
degradation with erosion processes, especially in 
mountainous areas. The erosion has a manifold 
environmental impact by negatively affecting 
water supply, reservoir storage capacity, 
agricultural productivity, and freshwater ecology 
[1,2,3]. Water erosion is the major type of 
physical land degradation in the global 
perspective [4]. In mountain basins sediments –
related processes and associated hazards, from 
erosion and shallow land sliding on basin slopes 
the sediments transport and deposition in the 
water network [5]. 
 

The Ifni lake is the highest mountainous one in 
Morocco at an elevation of 2320 m, and is 
considered as a natural tower of water in High 
Moroccan Atlas. Unfortunately, this area is under 
severe erosion risk. In order to protect the Ifni 
lake, it is essential to determine the areas 
threatened by soil loss and potential erosion rate. 
To assess the risks of soil erosion and to 
determine appropriate land use and 
management for this soil loss prediction is 
important [6,7]. Often, estimation of soil erosion 
loss is difficult due to the complex interplay of 
many factors, such as climate, land cover, soil, 
topography, and human activities [8,9]. Many 
methods have been developed to quantify or to 
mapping soil erosion risk, but the most method 
used that the Universal Soil Loss Equation 
(USLE) [10], or the Revised Universal Soil Loss 
Equation (RUSLE) [11,12]. However, the 

combined use of erosion models such as 
USLE/RUSLE and GIS has been proved to be an 
approach for estimating the spatial distribution of 
erosion [13,14,15,16,12]. The (RUSLE) equation 
is used also in mountainous area [17,18]. The 
RUSLE model were introduced to improve its 
applicability in mountainous area [19,20,21,22]. 
Also, remote sensing techniques and GIS 
provide new approaches to meet the 
requirements of resource related modeling, and 
reduce [23]. 
 
The area study is a part the National park of 
Toubkal, it is a mountainous region. To estimate 
the soil loss we combined of RUSLE, GIS and 
remote sensing method. The present study is the 
first in this area, so it was difficult to collect the 
data base. 

 
To calculate the RUSLE factors we used different 
methods: the Tropical Rainfall Measuring Mission 
(TRMM) used to determine R factor. The land 
cover (C factor) was elaborate from a Landsat 
ETM+ (Enhanced Thematic Mapper) image with 
supervised classification under ENVI 4.6 
(Environment for Visualizing Images) software. 
To calculate the Soil erodibility factor (K), 35 soil 
samples were carried and analyzed. Finally, the 
digital elevation model (DEM) used to produce 
the (LS) factor. Thus, the objective of this 
research was to map erosion risk using RUSLE 
model, GIS, Remote Sensing methods in the 
highest watershed in Morocco. However, the 
database elaborate in this study can be used to 
purpose a planning of protection the sub-
watershed and the water resources in the highest 
mountainous lake in Morocco. 



2. MATERIALS AND METHODS 
 

2.1 Study Area 
 

The high valley of Tifnoute is a semi
mountainous region, located on the southern 
flank of the Toubkal Mountain at latitudes 
30°59’55’’ to 31’5’38’’ N and longitudes 7°48’3’’ 
to 7°56’12’’ W (Fig. 1). Ifni Lake is a small sub
watershed covers an area of 18 km², and the 
high Tifnoute valley sub-watershed with 70 km². 
The region characterized by Ifni Lake the highest 
natural lake in Morocco with elevation sitting at 
2320 m above the sea level [24].  
 

The area is characterized by highly elevations, 
which the maximal altitude is 4104 meter above 
the sea level. Drainage pattern map proved that 
is dendritic, with a high density. The watershed 
also indicates a fast hydrological answer with 
high potential [25]. The soil cover is poor and the 
texture is sandy -loam and loams. Geologically, 
the slopes are very strong and the area falls in 
volcanic and metamorphic rocks. The Tifnoute 
valley region is underlain by Neoproterozoic 
rocks of the current Bleida Group 
correspond to the lower formations of the 
Cryogenian Age [26]. 
 

2.1.1 Description of RUSLE model 
 

Apart from rainfall and runoff, the rate of soil 
erosion from an area is also strongly dependent 
up on its soil, vegetation and topographic 
characteristics [27]. The combination of RUSLE 
equation, GIS and remote sensing make 
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2. MATERIALS AND METHODS  

The high valley of Tifnoute is a semi-arid 
mountainous region, located on the southern 
flank of the Toubkal Mountain at latitudes 
30°59’55’’ to 31’5’38’’ N and longitudes 7°48’3’’ 

e is a small sub-
watershed covers an area of 18 km², and the 

watershed with 70 km². 
The region characterized by Ifni Lake the highest 
natural lake in Morocco with elevation sitting at 

The area is characterized by highly elevations, 
which the maximal altitude is 4104 meter above 
the sea level. Drainage pattern map proved that 
is dendritic, with a high density. The watershed 
also indicates a fast hydrological answer with 

. The soil cover is poor and the 
loam and loams. Geologically, 

the slopes are very strong and the area falls in 
volcanic and metamorphic rocks. The Tifnoute 
valley region is underlain by Neoproterozoic 
rocks of the current Bleida Group which 
correspond to the lower formations of the 

2.1.1 Description of RUSLE model  

Apart from rainfall and runoff, the rate of soil 
erosion from an area is also strongly dependent 
up on its soil, vegetation and topographic 

The combination of RUSLE 
equation, GIS and remote sensing make 

mapping of erosion risk easy [12]. The input data 
are topographic map, erodibility map, land cover 
using (ETM+) images treaty under ENVI (version 
4.6), and digital elevation model (D
27*27 resolution. The different raster are 
superposed in ArcGIS 9.2 software for spatial 
analysis. The RUSLE equation (1) expressed by 
five factors [28]:  
 

A=R*K*LS*C*P                                           
 
Where A is the average soil erosion (t ha
1
), R is the rainfall erosivity factor (MJ mm /ha

1
 year

-1
), K is the soil erodibility factor (t ha h /MJ

1 ha-1 mm-1), L is the slope length factor (m), S is 
the steepness factor (%), C is the cover 
management factor and P is the 
practice factor. The P, LS, and C factors are 
dimensionless. 
 
2.1.2 Calculation of RUSLE factors 
 
Rainfall erosivity factor (R): R factor is the 
quantitative expression of the erosivity of local 
average annual precipitation and runoff causing
soil erosion [29]. There are many methods to 
calculate the R factor. In the present study, 
TRMM has been used. TRMM method is a joint 
mission between NASA and the Aerospace 
Exploration Agency designed to study tropical 
rainfall and was launched on 27 Nove
[30]. The data from TRMM can be used to find 
the location of rain as well as the rainfall intensity 
[31]. 

 

 
Fig. 1. Location of study area 
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. The input data 
are topographic map, erodibility map, land cover 
using (ETM+) images treaty under ENVI (version 
4.6), and digital elevation model (DEM) with 
27*27 resolution. The different raster are 
superposed in ArcGIS 9.2 software for spatial 
analysis. The RUSLE equation (1) expressed by 

                             (1) 

erosion (t ha-1 year-

), R is the rainfall erosivity factor (MJ mm /ha
-1

 h
-

), K is the soil erodibility factor (t ha h /MJ
-

), L is the slope length factor (m), S is 
(%), C is the cover 

management factor and P is the conservation 
practice factor. The P, LS, and C factors are 

2.1.2 Calculation of RUSLE factors  

R factor is the 
quantitative expression of the erosivity of local 
average annual precipitation and runoff causing 
soil erosion [29]. There are many methods to 
calculate the R factor. In the present study, 
TRMM has been used. TRMM method is a joint 
mission between NASA and the Aerospace 
Exploration Agency designed to study tropical 
rainfall and was launched on 27 November 1997 
[30]. The data from TRMM can be used to find 
the location of rain as well as the rainfall intensity 

 



The unavailability of precipitation data in the 
study area forced us to calculate the R factor 
with an average annual rainfall in global 
navigation satellite from 2005 to 2008. The type 
of (TRMM) used is 4*4 km resolution. We 
calculated the average annual 
TRMM, and the [32] equation (2) was used to 
calculate the R factor. 
 

R = 0.0483*p 
1.610

                                       
 

Where R is the rainfall erosivity factor (MJ mm 
/ha-1 h-1 year-1) and P is the annual rainfall (mm) 
calculated by TRMM model. 
 
Soil erodibility factor (K): The soil erodibility
factor K is the rate of soil loss per rainfall erosion 
index unit as measured on a standard soil plot, 
and often determined using inherent soil 
properties [33,34]. The erodibility is function of 
texture, organic mutter, and permeability of soil. 
To elaborate the K factor map, a total of 35 soil 
samples were carried from the study 
area and analyzed to determine the soil 
characteristic.  
 

The factor K values for the watershed area were 
calculated from the soil analysis by the formula
(3) of [10]: 
 

Fig.
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The unavailability of precipitation data in the 
study area forced us to calculate the R factor 
with an average annual rainfall in global 
navigation satellite from 2005 to 2008. The type 
of (TRMM) used is 4*4 km resolution. We 
calculated the average annual rainfall from 

equation (2) was used to 

                                 (2) 

Where R is the rainfall erosivity factor (MJ mm 
is the annual rainfall (mm) 

The soil erodibility 
factor K is the rate of soil loss per rainfall erosion 
index unit as measured on a standard soil plot, 
and often determined using inherent soil 

. The erodibility is function of 
texture, organic mutter, and permeability of soil. 

ate the K factor map, a total of 35 soil 
samples were carried from the study                          
area and analyzed to determine the soil 

The factor K values for the watershed area were 
calculated from the soil analysis by the formula 

K=2.1*M1.4*10-6(12-OM) + 0.0325*(b
0.025*(c-3)                                                 

 

Where M= (% fine sand + silt)*(100
Organic Matter (OM) in %, (b) is soil structure 
index, (c) is soil permeability index.
 
The soil analysis was carried in Geosciences and 
environment laboratory, Science and 
Faculty, Cadi Ayad University Marrakech 
Morocco. To determine the soil texture, the 
samples had two phases of analysis: a 
mechanical sifting with wet sieving process and a 
phase of classification by laser diffraction. The 
organic matter was calculated by chemical 
technique [35], soil structure and permeability 
were determinate by Nomograms method
  
The Topographic factors slope length and 
steepness (LS): One of the key factors in soil 
loss is topography, especially, when the ground 
slope exceeds a critical angle [37,38]
determine (LS) map factor we used a digital 
elevation model (DEM) (Fig. 2) for the study area 
from the topographical sheet with 27 meter 
resolution. The steepness and flow accumulation 
were derived from the DEM using 
spatial analyst extension under ArcGIS. LS factor 
was determined by the equation (4) by [39,40].

 

 
Fig. 2. Digital elevation model 
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0.0325*(b-2) + 
                                          (3) 

fine sand + silt)*(100-% clay), 
Organic Matter (OM) in %, (b) is soil structure 
index, (c) is soil permeability index. 

ried in Geosciences and 
cience and Technical 

niversity Marrakech -
Morocco. To determine the soil texture, the 
samples had two phases of analysis: a 
mechanical sifting with wet sieving process and a 
phase of classification by laser diffraction. The 
organic matter was calculated by chemical 

, soil structure and permeability 
were determinate by Nomograms method [36]. 

The Topographic factors slope length and 
One of the key factors in soil 

loss is topography, especially, when the ground 
[37,38]. In order to 

determine (LS) map factor we used a digital 
2) for the study area 

with 27 meter 
resolution. The steepness and flow accumulation 

 hydrology and 
lyst extension under ArcGIS. LS factor 

was determined by the equation (4) by [39,40]. 
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LS = Pow([Flow Accumulation grid] * 10 / 
22.13, 0.4) * Pow(Sin[Slope grid] * 0.01745) 
/0.0896, 1.4) * 1.4                                       (4) 

 

Where LS combined slope length and slope 
steepness, flow accumulation is the accumulated 
upslope contributing area per unit contour for a 
given cell. Cell size grid for this study is 27 meter 
and slopes are in degree. 
 

Land Cover factor (C): Land cover vegetation 
protects the soils and ensures the damping of the 
rain drops, the deceleration of the streaming and 
the infiltration. The soil losses decrease with 
cover vegetal [41,42]. The soils under forest 
cover have higher water retention and infiltration 
rate, and lower dispersion and erosion rates, 
relative to bare and agricultural soils [43,44,45]. 
The land cover was elaborate from a Landsat 
ETM+ image with 30*30 m resolution, and an 
analysis based to the supervised classification 
using ENVI 4.6 software. We exported the 
polygons generated by areas classes, and 
ArcGIS was used to elaborate the land cover 
map. 
 

Practice Management Factor (P): The (P) 
factor map was derived from the land cover and 
the field investigation in the study area. In the 
study area the P factor equal to 1                            
because the absence of conservation practices. 

3. RESULTS AND DISCUSSION  
 

3.1 RUSLE Factors  
 
To calculate the rainfall erosivity factor (R) we 
exploited the data of world model of type Tropical 
Rainfall Measuring Mission (TRMM) of the period 
2005-2008, this method gives us monthly values 
of precipitation on study area. The annual 
precipitation calculated in TRMM ranged 
between 211 and 504 mm. Results of TRMM 
precipitation values were compared to values 
obtained by Mokhtar Soussi the nearest weather 
station for a period 2005 – 2008. The results 
showed that the rainfall erosivity R factor ranges 
between 267 and 1084 MJ mm ha -1 h-1 y-1 (Fig. 
3).  
 
The results of analysis soil showed that the 
dominate texture is sandy -loam and loams with 
7% a maximum of organic matter, and                   
the K values obtained ranged from 0.02 to 0.09 (t 
ha h /MJ-1 ha-1 mm-1) (Fig. 4). Therefore, the LS 
factor in the study area varies from 0 to 5 (Fig. 
5). Totally of sub-watershed area has LS                       
factor less than 5 with high slops higher                   
than 35°, the topography factor                        
especially influences   the soil loss in the study 
area. 

 

 
 

Fig. 3. Map of rainfall erosivity factor (R) based on TRMM 



The results of classification we allowed to extract 
C factor for each of the land cover entities (Table
1). The map of Land cover factor (Fig.
that 96% of total surface of study area is a bare 
land, and just 3% with vegetation, the verification 
for each land cover in the study area confirm the 
results showed by model. 
 

3.2 Annual Soil Loss  
 
The map of spatial distribution of soil loss results 
from the multiplication of all calculated RUSLE 
factors (R,K,LS,C ,and P) under same DEM pixel 
(Fig. 7), this map showed that the quantity of 
sediments ranges from 1 to 200  (t ha
The results in (Table 2) give us a general idea 
about the proportion of soil loss for each class in 
the study area. The higher values are observed 
in the Ifni lake sub-watershed and in Northwest 
of high valley of Tifnoute sub
Furthermore, the study area is dominated by 
volcanic-metmorphic rocks. The area is not 
protected by vegetation; soil texture is crumbly 
and easy to be tranported by water, poor crop 
management and performing the relief .these 
conditions accelarate the erosion pro
high valley of Tifnoute. Lastly, we would like to 

 

Fig. 4
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The results of classification we allowed to extract 
cover entities (Table 

1). The map of Land cover factor (Fig. 6) shows 
area is a bare 

% with vegetation, the verification 
for each land cover in the study area confirm the 

The map of spatial distribution of soil loss results 
from the multiplication of all calculated RUSLE 
factors (R,K,LS,C ,and P) under same DEM pixel 
(Fig. 7), this map showed that the quantity of 
sediments ranges from 1 to 200  (t ha-1 year-1). 
The results in (Table 2) give us a general idea 
about the proportion of soil loss for each class in 
the study area. The higher values are observed 

watershed and in Northwest 
of high valley of Tifnoute sub-wtaershed. 

more, the study area is dominated by 
metmorphic rocks. The area is not 

soil texture is crumbly 
and easy to be tranported by water, poor crop 
management and performing the relief .these 
conditions accelarate the erosion process in the 
high valley of Tifnoute. Lastly, we would like to 

proof the implementing conservation practices is 
very important to protect this study area.
 

3.3 Soil Conservation Practices
 
We purpose some practices to reduce the soil 
erosion in the study area, the practices will 
protect the Ifni lake and the population 
agglomeration. We can use 2 types of practices 
(Fig. 8):  
 
 Dry stones to slow the transport of 

sediments upstream of the population 
agglomeration and at the Ifni lake.

 The terraces in culture (cultivated banks) 
to support the action of the dry stones 
upstream population agglomerations.

 
Table 1. Cover classes and C factor for each 

land cover entities
 

Cover classes  
Ifni lake 
Dispersed vegetation 
Vegetation 
Bare land 

 

 

 
Fig. 4. Map of soil erodibility factor (K) 
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Dry stones to slow the transport of 
sediments upstream of the population 
agglomeration and at the Ifni lake. 

(cultivated banks) 
to support the action of the dry stones 
upstream population agglomerations. 

Table 1. Cover classes and C factor for each 
land cover entities 

 C factor 
 0 

0,01 
0,1 
1 

 



Fig. 5. Map of slope length and steepness factor (LS)
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Map of slope length and steepness factor (LS) 

 

 
Fig. 6. Map of land cover factor (C) 
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Fig. 7. Map of annual soil loss in the study area (t ha

Fig. 8. Map soil conservation practices to reduce the soil erosion in the study area
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 year
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Fig. 8. Map soil conservation practices to reduce the soil erosion in the study area
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Fig. 8. Map soil conservation practices to reduce the soil erosion in the study area 
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Table 2. Soil erosion proportion for each class in the study area with RUSLE method 
 

Erosion risk class  Rate of soil loss  
(t ha

-1
 year

-1
 ) 

(%) of area in high valley 
of Tifnoute  

(%) of area in Ifni lake  

Very low <10 48,35 56,05 
low 10,1 - 20 30,32 28,15 
Moderate  20,1- 40 16,24 13,52 
High  40,1-60 3,78 1,83 
Very high  >60 1,31 0,46 

 
 

4. CONCLUSION  
 
This study shows that the RUSLE combined to 
GIS, remote sensing (RS) applying in the study 
area can give us an interesting results of soil loss 
modeling in the mountainous sub-watershed. 
Generally, it is difficult to calculate erosivity factor 
(R) of RUSLE equation because there is no data 
base in the study area. Therefore, in this study 
we used Tropical Rainfall Measuring Mission 
(TRMM) data to calculate R factor and this 
method gives us a real information. Also, the 
supervised classification using under ENVI to 
established the land cover (C) factor, gives a 
correct map which we verified it in the study area 
.While the current research proved that we can 
use RUSLE method to elaborate a map of soil 
loss erosion in a Mediterranean mountainous 
sub-watershed. Also, this study constitutes an 
important database which can be used to 
planning a protection system in this area. 
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