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Abstract. The Bouregreg watershed is located to the north-western center of Morocco, characterized by a
semi-arid climate. It covers a total area of approximately 10 000 km2. This basin is a very sensitive area to
water erosion. This causes the degradation of its vegetation cover and its land. The most sensitive and poorly
protected soils erode much more easily and lose their fertility.The objective of this work is to quantify soil
losses by water erosion in the Bouregreg watershed using the Revised Universal Loss Equation (RUSLE) and
Geographic Information Systems. The average annual rate of soil erosion in the Bouregreg watrershed are es-
timated at 20 t ha−1 yr−1. The spatial distribution map of soil erosion show that 71 % of the total area has low
risk of soil erosion (<3 t ha−1 yr−1), while 28 % of the study area shows moderate to high risk of erosion (20–
60 t ha−1 yr−1). Areas of very high risk of erosion are also present in some sectors of the watershed covering 1 %
of the total surface.

1 Introduction

Soil erosion has been recognized as the major cause of land
degradation worldwide and becomes a serious environmental
and economic problem when accentuated by human activi-
ties (Del Mar López et al., 1998). On the other hand, water
erosion is the main factor of the deterioration of the soil re-
source (Wachal, 2007). The soil loss phenomena have accel-
erated around the world (De Graaf, 1996). Water erosion risk
assessment involves mapping and analyzing many factors in-
volved in the erosive process: rainfall erosivity, soil erodibil-
ity, slope length and vegetal cover factors (Wischmeier and
Smith, 1978).

Morocco is one of the Mediterranean countries that have
always suffered from land degradation and mismanagement.
Soil erosion characterizes the majority of Morocco’s reliefs.
FAO study (1990) revealed that the situation continues to de-
teriorate and becomes more and more critical, and evaluate
that almost 40 % of land in Morocco are affected by erosion.

The Bouregreg watershed (approximately 10 000 km2)
topic of this study is located between latitudes 32.8 and 34◦ N
and longitudes 5.4 and 6.8◦W. This watershed constitutes
a very sensitive area to degradation of soil and vegetation
by water erosion. the sediments resulting from this degrada-
tion contribute to the siltation of the SMBA dam, located to
the north of the watershed and producing about 31 % of Mo-
rocco’s drinking water specially those of two large Moroccan
cities, Rabat and Casablanca.

The climate of Bouregreg watershed is Mediterranean. It
ranks globally in the semi-arid bioclimatic stage. The average
rainfall varies from 450 mm yr−1 in Rabat and 750 mm yr−1

in high altitude areas (Oulmès). The average temperatures
are near Atlantic and in mountain areas. They vary between
15 and 25 ◦C. They are strongly influenced by warm currents
in dry periods. The average high temperatures during (July–
August) alternate between 30 and 34 ◦C in the Bouregreg and
between 26 and 28 ◦C in the coastal zone (PDAIRE, 2011).
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Figure 1. Location of the Bouregreg Watershed.

The proposed study attempts by using the Revised Uni-
versal Loss Equation (RUSLE) and Geographic Information
Systems to quantify soil losses rate and the effect of vegeta-
tion and land cover/use changes on soil erosion in this water-
shed.

2 Methodology

The Quantification of soil losses rate in the Bouregreg water-
shed was performed by the application of the Revised Uni-
versal Soil Loss Equation (Wischmeier and Smith, 1978).

The USLE method of Wischmeier and Smith (1978) rep-
resented an important step in the history of water erosion
modeling. It is the most used model for a global estimate of
losses due to the process of surface erosion, with her revised
RUSLE model, grace to the ease of its implementation and
its compatibility with geographic information systems (Mill-
ward and Mersey, 1999). The RUSLE model has been recog-
nized as the most widely used model for the prediction and
spatial distribution of annual average soil loss by integrating
different erosion factors (Renard et al., 1997). The equation
is expressed by the relation:

A= R ·K ·LS ·C ·P (1)

where A is the average annual soil loss
(t ha−1 yr−1), R is The Rainfall and Runoff Factor
(MJ mm−1 ha−1 h−1 yr−1), K is the Soil Erodibility
Factor (t ha−1 h−1 ha−1 MJ−1 mm−1), LS is the Slope
Factor, C is the Crop/Vegetation and Management Factor, P
is the Support Practice Factor.

3 Results and discussion

3.1 Climate aggressiveness factor R

The rainfall erosivity is an indicator of precipitation aggres-
sion. This factor was estimated by the Arnoldus formula

Figure 2. Spatial distribution map of soil losses in the Bouregreg
watershed.

Table 1. Distribution of soil losses in the Bouregreg watershed.

Soil loss Area Area Erosion risk
(t ha−1 yr−1) (ha)(%)

0–3 705 300 71 Low
3–20 213 900 22 Moderate
20–60 61 000 6 High
60–849 6000 1 Very high

Total 989 800 100

(Arnoldus, 1977) to eight stations in the Bouregreg water-
shed (Fig. 2) on 36-year period (1977–2013). The formula
based on monthly mean precipitation (pi) and average an-
nual rainfall (p). The interpolation values of these stations
gave a distribution map of this factor ranging from 29.53 to
57.87. The map shows an increase in values from the north-
east of the basin to the southwest, where there are the highest
altitudes.

3.2 The erodibility factor K

The erodibility factor (K) is a function of soil tex-
ture, structure, organic matter content and permeability.
In our case, due to the lack of this type of data, we
opted to use FAO Digital SoilMap data from the World
(http://www.fao.org/land-water/land/land-governance/
land-resources-planning-toolbox/category/details/en/c/
1026564/, last access: 12 August 2020). The results obtained
show that the K factor varies from 0.0139 to 0.0214.

3.3 The topographic factor LS

The topographic factor (LS) was calculated from the incli-
nation of the slopes and their length by the formula of Wis-
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chmeier and Smith (1978):

LS = (L/22.13)m(0.065+ 0.045 · S+ 0.065 · S2) (2)

where L is the slope length in m, S is the inclination of the
slope in %, m is a parameter such that m= 0.5 if the slope is
>5 %, m= 0.4 if the slope is 3.5 % to 4.5 %, m= 0.3 if the
slope is 1 % to 3 % and m= 0.2 if the slope is <1 %.
LS factor values range from 0 to 1440. The length and

degree of inclination of the slope are decisive in the process
of erosion. LS values are very high in the southwestern part
of the Bouregreg watershed.

3.4 The factor of vegetation covers C

The evaluation of this factor in Bouregreg watershed is made
by adapting the equation of Van Der Knijff (2000).

C = exp
[
−α×NDVI/(β −NDVI)

]
(3)

where α, β: parameters determining the shape of the NDVI-
C curve with α = 2 and β = 1 and NDVI is normalized dif-
ference vegetation index.

The NDVI was evaluated by operating a satellite image
Landsat 8 dated 2018. The results obtained show that the C
factor varies from 0.054 to 1.

3.5 The factor of erosion control practices P

In the case of our study, and in the absence of anti-erosion
practices in the study area, the P factor is assigned a value
of 1.

3.6 Evaluation of soil losses

Soil losses result from the combination of the RUSLE model
factors, climatic aggressivity R, soil erodibility K , topo-
graphic factor LS, vegetation cover C and anti-erosion prac-
tices P . The combination of the maps of these The main fac-
tors in a GIS environment resulted in the map of soil losses
in the watershed (Fig. 2).

Average soil losses in the Bouregreg watershed are esti-
mated at 20 t ha−1 yr−1. Soil losses in the Bouregreg water-
shed have been grouped into 4 classes of values (Fig. 2 and
Table 1).

4 Conclusions

The study of risk of erosion in the Bouregreg watershed
was performed using the Revised Universal Equation of Sol
Losses (RUSLE). The different factors of the model have
been estimated (Eq. 1) and spatialised in a GIS environment.
The combination of these different factors made possible the
elaboration of the erosion risk map. The results obtained
show that the study area is subject to climatic aggressiveness
and show a moderate vulnerability of soils to water erosion.

however, the risk of soil erosion is high in some sectors of
the watershed.

Data availability. The availability and the nature of the numeri-
cal data (geological, climatological and pedological, land use) used
in the calculation of the erosion and sedimentation processes in the
study basin, is well prepared for the use of the universal equations of
revised soil loss (RUSLE). These data have been integrated, listed
and digitally processed in a Geographic Information System. Other
image processing software were also used (QGis, Erdas, Envi) for
the delimitation of the watershed and the extraction of their geo-
metric properties (surface area, average altitude, etc.). For this we
based ourselves on a digital terrain model (DEM) at 30 m resolu-
tion, which also served us as a basis for the extraction of the hydro-
graphic network and the digital calculation of the different thematic
maps of the basin.
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