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Abstract

Water erosion is a major problem in semi-arid region where decreases the dam reservoir design
capacity, agricultural yield productivity, and increases other environmental impacts. This phenomenon is
widely predominant in Morocco, particularly in the Oued El Malleh watershed in the Casablanca Settat
region. Most soil erosion happens gradually which makes it challenging to notice. Hence, the monitoring
of soil degradation under a modelling-based, such as Geographic Information System (GIS) can help the
decision-makers to quantify the eroded soil and choose the best mitigation measures. Many erosion
control practices have been implemented in The Oued El Malleh watershed in 2008, which covers a
surface area of 3,127 km®. Even though, the soil erosion still dramatic in the region. To date, no one has
attempted to work on the impact of the soil conservation factor at the level of the Oued El Malleh
watershed, as well as monitoring the sustainability and effectiveness of the water erosion control practices
already implemented. Therefore, periodic monitoring and evaluating soil degradation is imposed. To
achieve this purpose, we used the Universal Soil Loss Equation (USLE) to spatially assess water erosion
in the study area, to find out the most vulnerable area to erosion, to notice the efficiency of the actual
erosion control practices and elaborate on new mitigation measures. The results of this study have been
shown that the rate of soil loss in the Oued El Malleh, including the actual control erosion interventions,
varies from 0 to 90 t. ha”.year'; with an average erosion rate of 0.65 t. ha'.year". The study area
characterized by a moderate to severe slopes, in some area, the Length and Steepness Factor LS exceeds
90 %. For this reason, we have been elaborated new soil loss map, including soil conservation measures
according to the slope. The soil loss rate; following this approach; varies from 0 to 64 t.ha™.year™.
Furthermore, the followed approach could be valuable for assessing the soil loss in similar area.
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Introduction

Water erosion is a dynamic process of detachment, transport and deposition of soil particles under
the effect of the kinetic energy of water [1]. It is a multidimensional natural hazard and environmental
challenge to the ecosystem, threatening, especially the potential of water and soil. It is among the most
disturbing phenomenon for watershed management. This is triggered by a complex interaction of
processes due to many factors such as natural (climate, topography, soil, vegetation) and anthropogenic
(tillage systems, soil conservation measures, overgrazing and deforestation). Leading to the exposure of
land runoff [2,3] and thus, reducing the productivity of agricultural land [4], degradation of the quality
and quantity of water available accelerating the rate of sedimentation [5], the impacts of these phenomena
negatively affect the country’s economy; especially Morocco is economically based on agriculture and
water resources. Therefore, evaluation of the soil erosion at watershed scale could be valuable for the
decision-makers to prioritize and to implement sustainable actions in managing and planning of the
watershed to reduce the soil loss. For 6 decades, several empirical-based models have been developed and
applied by the researchers. For instance, Wischmeier and Smith [6] developed and applied USLE in 1978.
Renard et al. [7] revised the USLE by introducing the isoerodent maps, a time-varying approach for soil
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erodibility factor, a sub factor approach for evaluating the cover management factor, a new equation to
reflect slope length and steepness and lastly is new conservation-practice values. All of these
improvements developed the Revised Universal Soil Loss Equation (RUSLE). Similarly, Bhandari and
Darnsawasdi [8], have been mapped soil erosion in the Phewa watershed in Nepal using the REUSLE
coupled with Participatory geographic information system (PGIS) based on Erosion Damaged
Assessment (EDA). Besides, in 1972 developed Modified USLE (MUSLE) to overcome the USLE and
RUSLE limitations. Several studies applied MUSLE for evaluating the soil loss and reservoir
sedimentation in semi-arid. For instance, Bilali et al. [9] applied MUSLE model to evaluate the soil
erosion in Bouregreg watershed and showed it applicability in semi-arid environment rely on it
calibration form. Nonetheless, empirical modelling is not always satisfactory, especially against water
erosion and sedimentation processes. In this regard, new technologies have been developed such as the
Water Erosion Prediction Model (WEPP), Soil and Water Assessment Tool (SWAT) and Pan European
Soil Erosion Risk Assessment (PESERA) models [10]. Several works have been applied the physically-
based models, among those, Shivhare et al. [11] have been applied the SWAT model to estimate the
runoff, sediment yield, and evapotranspiration in the Ganga river watershed, in India. Other studies used
WEEP model to quantify the rill erosion and to evaluate the impact of hydraulic parameters of the flow
on the soil properties [12], further research have been highlighted the application of PESERA model,
which is useful tool to comprehend the relationship between the input and output data scale, and their
impact on water erosion modelling and sediment yield [13]. However, those models need calibration and
validation and require a time series of the sediment yield and rainfall runoff data [14]. Wherefore, using
the USLE model for non-gauged watersheds could be valuable in overcoming the measurement issue for
MUSLE calibration. Indeed, there are a lot of the studies that applied USLE in semi-arid environment
Such as in the Ikkour watershed, in the Middle Atlas Mountain (Morocco); where the USLE model was
used combined with spectral indices approach to share more information about levels of soil degradation
and the sensitivity of the study area against water erosion [9]. Similarly, in Machados County, Brazil,
Falcdo et al. [15] used USLE, GIS and remote sensing data to estimate the potential of sheet erosion in
this agricultural terrain. Furthermore, the soil loss, was calculated from the USLE equation with a several
models, which have been developed to determine the impact of climate and land use in the Luanhe River
Basin (LRB), China [16]. On top of that, in Estepa Region (Southern, Spain), USLE equation was
integrated with cartography to evaluate the soil erosion levels on the olive grove farms, to help farmers to
choose the olive management model, and to ensure the sustainability of agricultural activity of the olive
crop [17].

In Morocco, 40 % of the land is affected by water erosion [18]. In the parts of the Rif mountains of
Morocco, erosion rates reach sometimes 30 to 60 t/ha/year [19,20] and reach 2000 t/km?/year (for the
Central and Western Rif) [21]. In Middle and High Atlas, the annual average of erosion rate is ranging
from 500 to 1000 t/km?*/year and from 1000 to 2000 t/km?/year in (the Pre-Rif and the Mediterranean
border .(Therefore, dams lose their initial capacity of the water storage due to their silting which is
estimated at 0.5 % per year [22] .The biggest Moroccan dams receive annually about 50 million tons of
sediment [23], which affects their storage capacity and an annual loss of nearly 300 million Dirhams [24].
The Oued El Malleh watershed covers a surface area of 3127 km® characterized by vast expanses of
agricultural land with small thick vegetation areas. Indeed, the watershed influenced by a harsh climate,
distribution of impermeable lithologic formations, moderate to severe topography, and impact of
anthropogenic activities. Those factors increase the vulnerability of the study area to water erosion.

The effect of these constraints, especially, appears downstream of the watershed by reducing the
holding capacity of the dam Oued El Malleh and leaching nutrients from agricultural land.

The objective of this study is to investigate the susceptibility to water erosion, of Oued El Malleh
catchment through Empirical Universal Soil Loss Equation (USLE). This objective could be carried out
by 1) mapping the soil erosion factors, namely the aggressiveness of precipitation, erodible soils,
topography, land use, and crop management, 2) identifying the areas vulnerable to erosion, and 3)
choosing the most appropriate soil conservation measures.

Materials and methods

Study area description

The river’s watershed E1 Malleh is located in the Northeast region of Casablanca and more precisely
between the cities of Mohammedia (place of its outlet) and Khouribga, between latitudes 33.00 and 33.71
north, longitude 6.45 and 6.55 west. This is a watershed with an approximate area of 3127 km* (Figure
1). The watershed of Oued El Malleh landscape is a relatively steep with an average slope of about 8.7 %;
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it has hilly landscapes with altitudes ranging from 0 to 966 m and the outlet (Figure 2). The slope map is
derived from the digital elevation model (DEM) (Figure 3), and the distribution of slope class by area is
summarized in the following (Table 1).
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Figure 1 Study area map.
Table 1 Distribution of slope classes.
Class Class of slopes % Areas (ha) Areas (%)
1 0-3 102,480.02 32.77
2 3-7 132,514.653 42.38
3 7-13 50,052.5614 16.01
4 13-21 19,732.9244 6.31
5 > 53 7,923.91347 2.53

Table 1 from the slope map, highlights the division of the watershed into 3 main areas:

1) Low slope zones (0 - 7) extend about 75.15 % of the total area of the basin;

2)  Slightly rough (7 - 53) covering 22.32 % of the total area of the basin;
3)  Very rugged and steep-sided (over 53) occupy only 2.53 % of the total basin area.

The watershed of Oued El Malleh belongs to the Mediterranean climate that is characterized by the
domination of 2 contrasting seasons:
1)  Season hot and dry climate (summer);

2)  Season wet and temperate climate (winter).

The catchment area receives rainfall amounts ranging from one region to another, by the
intervention of 2 important factors: Continentality and altitude. In general, the average annual rainfall
varies between 270 and 550 mm [25]. However, the runoff varies from one hydrological event to another
where some event can led to the flood disasters indicating a high variability of the runoff [26].
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Dataset

The Universal Soil Loss Equation (USLE) was proposed by [13,15] to predict the scale of water
erosion of cultivated fields and small watersheds. This model on the US media conditions aims to link the
measurable parameters of physical phenomena [27]. The USLE equation meets the factors that determine
soil loss topography (LS), the climatic aggressiveness (R), soil erodibility (K), and vegetation cover (C),
the erosion control techniques (P). Although USLE is widely used in the scientific world, this equation
has some limitations and requires calibration parameters that are not always available. Furthermore it
applies only to sheet erosion [28].

The USLE equation is a product of 5 input factors in raster data format: Soil erodibility; rainfall
erosivity; slope length and steepness; cover management; and support practice. Each factor varies over
time and space and depends on other input data. Therefore, soil erosion within each pixel was calculated
using the Universal Soil Loss Equation (USLE) [29].

The USLE equation is described as;

A=R*K*LS*C*P 1

where A is the spatial average of calculated loss of soil over a selected period for R, usually on a yearly
basis (tha '.y'); R is the rainfall erosivity factor (MJ.mm.ha ".h'.y "); K is the soil erodibility factor
(thahha 'MI''mm™); LS is the slope factor (dimensionless); C is the vegetation cover factor
(dimensionless, between 0 and 1); and P is the erosion control practices factor (dimensionless, between 0
and 1).

The followed methodology requires data on erosive factors, therefore to conduct the study; we have
used the following data;

Map data;

1)  The digital elevation model DEM with a resolution of 30 m, for the development of several
thematic maps :The map of the river system, the slope map.

2)  The soil map was scanned from the agricultural map in 1/500000 scale, provided by the
organization of the United Nations Food and Agriculture [30], it was used for determining the factor of
soil erodibility (K) of the erosion model Wischmeier (USLE).

3)  The satellite Landsat 8 OLI was extracted mainly from United States Geological Survey’s
Earth Explorer [31] collect and publish by Shuttle Radar Topography Mission, to determine land use in
the area of study.
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Data erosion control interventions: The erosion control measures applied to the watershed of Oued
El Malleh were taken to the Regional Directorate of Water and Forests and the fight against
Desertification (Casablanca, Morocco).

Climatic data: Rainfall was extracted from meteorological data of the Hydraulic Basin Agency of
Bouregreg and Chaouia (Benslimane, Morocco).

Methodology approach

The methodology focused on the use of the USLE equation integrated into a GIS environment. All
the USLE factors were derived and processed in ArcGIS version 10.2 with a 30 m pixel size. Soil loss had
estimated by the multiplication of the 5-factor maps in the Raster calculator.

Soil erosion equation

Different approaches have been used to assess the soil erosion risk, including empirical erosion
models [32,33], a ranking method based on selected indicators such as percentage of bare ground,
aggregate stability, organic carbon, percentage clay, and bulk density [34] and qualitative erosion risk
mapping based on the combination of 5 factors namely geology, soil, relief, climate and vegetation. The
most widely used model is the USLE [6] expressed as follows Eq. (1).

The erosive power of rainfall R

The climate favours aggressive erosion, which leads to give the climate a devastating effect [35].
The action of precipitation amplifies the driving forces needed to pull of soil particles. The index (R)
expresses the ability of rain to erode. Rains, by their intensity and energy are the main factor determining
the loss of land. The rainfall erosivity for a rain event was determined by the following equation [6];

R = KE * I3 (@)

Where KE is the kinetic energy of raindrops in (Joules) and I: is the maximum rain intensity for 30
consecutive minutes expressed in (mm.h ).

These formulas proposed by [6] as erosive indicator is difficult to apply in areas where the rainfall
data are not regular. For areas that do not have detailed climate data, the R factor can be estimated using a
modified Fournier index (F). [36] Proposed a modified form of the index of Fournier to avoid the
disadvantages associated with the monthly distribution of erosive rainfall during the year, and was used to
establish risk areas erosion in North Africa and the Middle East by FAO [37].
R =0.264 * F%5 3)

Where R is the rainfall erosivity factor (MJ.mm.ha ".h"".y"") and F is the index of Fournier.

With,

F= le rixri (4)
i=1 P

Where ri is a monthly precipitation (mm) and P is the annual precipitation (mm).

Soil erodibility factor K
The erodibility factor (K) expresses soil cohesion and soil strength against the erosion. It depends
on the soil texture, structure, its organic matter content and its permeability, according to [6];

K=21*M"*%107°x (12 — MO) + 0.0325 = (b — 2) + 0.025 = (c — 3) 5)
Where K is the soil erodibility factor (t.ha.h.ha'.MJ"'.mm™"), M is the particles percentage (% of very

fine sand+ % of silt x (100 % clay)), MO is the percentage of organic matter, b is the soil structure code
and c is the soil permeability.
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Since no data on the index ¢ and b value, the factor K was calculated by the Wiliam formula [38];

Kuste = Kw = fesana * fa1-si * forg * fhisand (6)
where K is the soil erodibility factor (t.ha.h.ha ' .MJ ' mm™), f.cunq is a factor that decreases the K
indicator in soils high in coarse sand and little higher in sandy soils, f._g; provides low soil erodibility
factors for soils with high clay silt reports, fy., reduced K values in soils rich in organic carbon
andfyjsang: Lowers the values of K for extremely sandy.

Each factor is calculated according to the formulas shown below;

fesana = 0.2+ 0.3 x exp <—0.256 * S * (1 — “;ZE‘)) -
msile 03
for-si = (mc+msilt) @®)
— _ 0.25x0rgC
forg - (1 0rgC+eXp(3.72—2.95*orgc)) (9)
0.7+(1-25
(- )
(1—m)+exp(—5.s1+22.9*(1—M))

where ms: Sand fraction content (0.05 - 2.00 mm diameter) (%), m silt: Silt content of fraction (0.002 -
0.05 mm in diameter) (%), mc: The clay fraction content (diameter < 0.002 mm) (%), and orgC: the
organic carbon (SOC) (%).

The results of K are in (ton/acre) (US system), and need to be converted into the international
system, for this a 0.1317 factor is multiplied to each value of K.

Topographical factors LS

The length, shape and especially the inclination of slope are parameters that significantly influence
soil erosion [39]. The slope length determines the runoff velocity and transport of particles increases with
the length of the plot [25-27]. The factors L (slope length) and S (slope angle in %) are usually combined
into a single dimensionless factor LS to define the effect of sheet erosion and rill [42].

Several formulas have been adopted to calculate these 2 parameters. In our case, the LS topographic
factor was calculated directly in ArcGIS software from the digital elevation model (DEM) of the 30 m
resolution of study area, the slope map classes in (%) and the card accumulation of flux according to the
formula [6];

cellsize
22.13))m

LS = (FA = ( * (0.065 + 0.045 * S + 0.065 * S?) (11

where LS is the slope-length factor, FA is the flow-accumulation, cell size is the length of grid or pixel
size (30 m for Landsat 8 OLI), m is a constant dependent on the value of gradient (Table 2) and S = slope
in degrees.

Table 2 Slope gradient classes.

Percent grade (%) Factor m
>5 0.5
35<e<5 04
1<e<3.5 0.3

<1 0.2
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Land use factor C

The vegetation is the most active factor in our study area, to control the risk of water erosion. It
provides ground mechanical protection against removal by reducing the driving force of the water. The
vegetation acts as a shield against the aggressive climate by intercepting the energy released by the
raindrops [43].

The exposure of the soil by deforestation and overgrazing reduces infiltration and promotes runoff
that can become abundant on the slopes. Studies conducted at the watershed scale have shown that soil
loss increases when the vegetation decreases [44]. Bare areas are subject to erosion, while the vegetated
areas are protected [45].

The C factor value depends on the nature of the vegetation and the percentage of vegetation cover.
The latter can be estimated by the normalized difference vegetation index (NDVI) [46].

We calculated the index of vegetation cover from the supervised classification of Landsat satellite
images 8 OLI covering the entire area. According to the following equation;

(12)

NDVI = (NIR—RED)

NIR+RED

where NIR is the near-infrared and RED is the red band.

The maximum value reflects the highest percentage of vegetation cover and also represents the
condition of the vegetation. The areas without vegetation (bare soil and water bodies) have low NDVI
value [47].

After calculating the NDVI, we calculated C Factor according to the following formula [48];

¢ = e~(Fwow)

(13)
where a and b are parameters without unity that determine the shape of the curve related to NDVI and C-
factor, An a-value of 2 and a B-value of 1 seem to give reasonable results, according to [49].

The map of the C factor is generated using “Raster calculator” found using the module “Spatial
Analysis” ArcGIS 10.2.

Support practices factor P

The P factor described conservative soil human actions which are practiced to counteract water
erosion. P values generally range from O to 1, according to the practice and depending on the slope [50].

According to the regional directorate of water and forests and the fight against desertification
(Casablanca, Morocco), the erosion control measures already undertaken at the watershed of Oued El
Malleh are biological measures (reforestation and improved forest grazing) and mechanical actions such
as the construction of the thresholds for the correction of ravines.

Results and discussion

Erosivity factor (R)

The data of rainfall over 20 years (2000 - 2019) were obtained from the Agency of Basin Hydraulic
Bouregreg and Chaouia from several weather stations (Hassar dam, Malleh dam, Melilla, El Gara, Oueljet
Haboub, Feddan Taba and Tamesna) and were imported into a geographic information system (GIS) since
all the weather stations have geographic coordinates. The annual and monthly rainfall data of the
catchment of Oued El Malleh basin were used to calculate the R factor in this study.

This factor was calculated separately for each separate station, and then we interpolated the results
by the method of interpolation “Kriging” software Arcgis 10.2, for the erosivity factor of the map of El
Oued Malleh watershed.

The rainfall erosivity (R-factor) increases from upstream to downstream of the watershed of Oued
El Malleh. The R factor values range from 45.85 to 120.11 (MJI.mm.ha ".h"".y"") with an average of 76.52
(MJ.mm.ha " h™".y™"). For 81 % of the surface area of the Oued El Malleh catchment area, low R values
(45.85 to 88.37 MJ.mm.ha ".h 'y ") are established upstream and in

The centre of the catchment area where the 3 weather stations are located: Melilla, El Gara and
Tamesna, while higher values (88.37 to 120.11 MJ.mm.ha ' h™'.y™") are assigned downstream of the
watershed with an area of 18 % (Table 3, Figure 5). Therefore, we deduce that the erosive power of
rainfall is important in this basin, which knows an increasing gradient from north to northeast.



Trends Sci. 2022; 19(2): 2059 8of 16

These values are relatively in the line with those found in the same watershed that indicates values
ranging from 62.59 to 104.63 [24] and those Oued El Makhazine determined values of 74.63 and 116.11
[29] and are larger than those obtained in the Isly watershed (44 to 56) in the eastern part of Morocco
[51], those obtained in the watershed Moulay Bouchta (63 to 79) in the Rif Occidental [52], in contrast,
these values are lower than those found in the Telata basin from 215 and 228 (MJI.mm.ha ".h".y ") [53].
Table 3 and Figure 5 evaluate the index of erosivity (R) of rainfall for 20 years watershed Oued El
Malleh, from 2000 to 2019.

Erodibility factor (K)

As defined in Egs. (6) - (10), there were obtained the values of the factor K in (Table 4). and Figure
6 shows the spatial distribution of the K-factor with soil type and the total area of the watershed, as
follows;

1)  Upstream, downstream and part in the centre, the erodibility is high with a value of 0.0183
t.ha.h.ha . MJ".mm™' given to the most erodible soils such as Chromic Luvisols soils (LC), covering an
area of 58.42 % of the total area of the watershed.

2) In the Northwest and Southeast ends of the watershed, soil erodibility is below 0.0168
t.ha.h.ha ' MJ ".mm ' these places are mostly made up of the most resistant to erosion namely.

3) vertisols (V), calcic cambisols Luvic (BK) with an area of about 16.21 %. In general, the soils
of the watershed of Oued El Malleh are of great sensitivity to erosion.

Table 2 Rainfall erosivity from 2000 to 2019.

Annual
Station X (m) Y (m) average P F R (MJ.mm.ha’l.hfl.yfl)
(mm)

Hassar Dam 310900 332700 367.75 59.16 120.14
FeddanTaba 333600 331200 422.00 57.55 11527
OuljetHaboub 420200 279300 329.86 3636 57.88
Tamesna 341350 291000 234.08 3112 45.83
Elgﬁeh 319700 324900 37473 50.67 9521
El Gara 328700 298300 20049 38.79 63.79
Melilla 335900 310300 218.83 31.64 46.99

Key: P = Average annual rainfall (mm), F = Fournier index, R = Erosivity factor



The LS factor shows the importance of the inclination and length of slope in the process of linear
erosion (Figure 6). The relatively flat topography of the watershed of Oued El Malleh implies a
distribution of moderate LS values between 0 and 97.33. With a small percentage of the values that are
estimated high or higher than 23.7 and the mean of this factor on the whole watershed is assessed at 59.
We see that the LS values are less than 4.20 in the majority of the study area, and the slopes are weak and
susceptible to erosion, except areas that have steep slopes, such as along river Oued El Malleh (LS
exceeds 23.66) that reveal a greater sensitivity to erosion processes. These results agree with those made
at the river Ourika basin (of 0.01 to 94.5) at the top Atlas of Morocco [55] and more important than those
obtained in the same watershed ranging from 0.06 to 61.60 [24].

Land cover factor (C)
The spatial distribution map of plant coverage of the survey area shown in (Figure 7) reveals that
the index of the plant covered C varies between 0.07et 1, with more than 69.27 % of the entire watershed
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Table 4 Soil erodibility variation.
k
Soil sample fcsand fcl-si forgc fhisand k USLE (tha.h.ha™.  Area %
MJ '.mm™)
Eutric
Planosols 0.20000000  0.78178334 0.98962353 0.85020629  0.13155602 0.0173 0.003
(WE)
Chromic
. 0.20000010  0.72461527 0.97770189 0.98303377  0.13928764 0.0183 58.42
luvisols (LC)
vertisols (V) 0.20113147  0.60855151 0.97271759 0.99999586  0.11905903 0.0157 24.54
calcic
cambisols 0.20000000  0.74062975 0.99060501 0.71847898  0.10542552 0.0139 16,21
(BK)
Luvic
Phaeozems 0.20014780  0.77832575 0.81894776 0.99990755  0.12756404 0.0168 0.83
(HL)
Topography factor (LS)



Trends Sci. 2022; 19(2): 2059

has good vegetation concern separate drills, moderate and dense indicating lower values ranging from
0.07 to 0.76. Against 30 % of the area of the watershed is related to bare soil and bodies of water, with a
value between 0.76 and 1. Almost one-third of this watershed area vulnerable to erosion is the one which

covers the upstream part and central watershed.

Figure 6 Length and Steepness Factor map.

Figure 7 Map of land use.
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Conservation practice factor (P)

At Oued El Malleh watershed, there were no significant erosion control practices, almost 89 % of
the total surface area of the study area represents land without conservation practices (Figure 8), and
therefore a value of 1 is attributed to P factor. Except for the 2 communes Ahlaf (at the level of the
province of Benslimane) and Mgarto (at the level of the province of Settat) where biological treatments
and thresholds are covering a small area of the order of 8.52 %.

The P factor values, respectively assigned to each commune 0.4 and 0.35. It should be noted that in
this study, the value of the P-factor for the biological and the mechanical treatment was determined
according to [55,56]. Since more than 22.32 % of the study area represents slope classes ranging from 7
to 21 % medium-high (Figure 2), it is proposed to map the erosion control practices (Figure 9) according
to the slope [57].

The values of the topographic factor vary between 0.55 and 0.6 for low slope areas (72 % of the
total catchment area), between 0.6 and 0.9 for medium steep areas (21 % of the total area) and between
0.9 and 1 for steep slope areas.
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Figure 8 Map of anti-erosion practices according to the regional directorate of water and forests and the
fight against desertification in Casablanca, Morocco.
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Figure 9 Map of anti-erosive practices according to the slope.



Trends Sci. 2022; 19(2): 2059 12 of 16

320000

‘| Legend

Soil Loss ton/ha/year
S o-sss

0 20 Kilometers

T T T T
M0 000 W0 000 IS0 360000

Figure 10 Soil losses with anti-erosion devices according to the regional directorate of water and forests
and the fight against desertification in Casablanca, Morocco.
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Figure 11 Soil loss with erosion control measures according to the slope.

Average annual soil loss

The combination of the USLE factors, namely climatic aggressiveness, soil erodibility, length and
steepness slope, land cover, and erosion control practices into the ArcGIS model provides the resulting
soil losses map. The final erosion soil map involved at any point in the watershed.

The average annual rate of soil erosion in the Oued El Malleh watershed is estimated to be 0.65 t.
ha'.year', with no significant support practices, resulting in annual losses of 203,255 tons of soil.
However, soil losses vary from 0.5 t.ha'.year' to 89 t. ha'.year' (Figure 10). This result is not comparable
with other studies carried out in the same catchment area [24], where the maximum and minimum losses
are approximately 0.02 tha'.year' and 501.40 t. ha".year', respectively, with an average of 8.21
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t.ha'.year'. This was because of the inter-annual irregularity at the meteorological stations. The resulting
values are most relevant than thus obtained by including the factor of anti-erosion practices P estimated
according to [57] (Figure 9) in the overlay of the maps, with minimum values of 0 t.ha'.year'and
maximum values of 65 t.ha'.year', with an average of 0.4 (Figure 11). The soil losses finding displays the
importance of support practices on decreasing soil losses, as well as the inefficiency of the existing
conservation practices to restricting the soil degradation in the Oued El Malleh catchment. This can be
explained by floods that hamper the catchment area during the winter period [26]. For this reason, it is
essential to monitor erosion control measures after rainstorm periods, especially during the winter period.
Moreover, the watershed topography impact more and more the number of losses, about 1.4 % of soil
losses are severe, i.e. 4355 ha are much degraded and the losses are highest, against 300,710.88 ha with
moderate intensity. Meanwhile, the bathymetric survey from 1988 to 2004 shows that the loss of the
reservoir capacity storage is about 0.24 Mm® (0.9 t/ha/year), which indicates that the soil loss results are
reasonable. Comparing this result with simulated values demonstrates that the USLE model
underestimates the soil erosion in the Oued El Malleh watershed. This finding is in agreement with [59-
61].

The annual rate of erosion shown on the map (Figure 11) shows that areas of high erosive risk
increase with slope inclination (greater than 53 %), generally concentrated at the level of hilly landscapes
especially along the Oued El Malleh lake and its tributaries ( Hassar Wadi, Zamrine wadi, Ateuch wadi).
With intense soil loss ranging from 5.6 t.ha'.year' to 90 t. ha”.year™, this is aided by the impact of the
topographic factor coinciding with strong values (from 11 to 97), accentuated by aggressive precipitation
with an R factor ranging from 75 to 120 MJ.mm.ha ".h™".y"', with generally the strongest increases in
drainage density, as a result of the decline in vegetation cover ranging from 0.76 and 1, this is mainly
explained by the dominance of rangelands degraded by anthropogenic actions and agriculture (dryland
farming) which are considered the most vulnerable to erosion, representing 88 % of the total area of the
watershed, With a lack of cultural practices, which make it possible to reduce the impact of the loss on
erosion and to fix the soil, except a few hectares planted with sylvo-pastoral crops and dry stone.

Water erosion is moderate, on low-slope areas extending over 75 % of the total catchment area and
low soil erodibility due to the high percentage of sand. In addition, tree formations, matorral and
rangelands help to control climatic aggressiveness and increase soil protection by intercepting part of the
rainfall.

Land degradation by water erosion is steadily worsening in the Oued El Malleh catchment, showing
the inefficiency of the actual measures. Thereby, new soil conservation interventions and measures should
be done. This approach is proving to be extremely urgent. It follows that we propose mechanical and
biological treatments according to the intensity of the topography of the Oued El Malleh watershed;

1) Weak slopes (less than 13 %) can be consolidated into stony cordons, when the plot is located in
the bed of a gully, to facilitate infiltration and slow down runoff.

2) On medium to steep slopes (up to 15 %), stone walls can be built (preferably local stones
transported by cart), this technique reduces runoff and its speed and traps the transported sediment.

Then, implement biological management in areas of high erodibility, by improving rangelands and
croplands, maintaining old plantations and reforesting trees or shrubs. Trees promote water infiltration
and prevent runoff through their root system, and therefore sustain the stability of the soil structure.

Conclusions

The catchment area of Oued El Malleh is favourable to the development of risks of water erosion
due to the intensity of rainfall in its large part, associated with steep slopes, moderately permeable soil
(sandy clay to clayey clay) and dilapidated vegetation.

This degradation of the vegetation cover is characterized by the scarcity of the forest estate, which
protects the soil structure well through its root system, and the dominance of agriculture, which protects
the soil less, resulting in significant erosion runoff in the study area.

The result of this runoff is considered to be the main contributor to the high amounts of water
erosion, estimated 28 million tons annually. This quantity of eroded soil gives rise to an estimated
sediment yield of 2,586,029 (t.year), and the specific degradation is 8.27 t.ha'.year', obtained with a
delivery coefficient of 0.6 %.

The intensity of soil losses in the Oued El Malleh watershed has visible effects on the environment
(silting of the Oued El Malleh dam and impoverishment of its quality). Soil degradation in the study area
may become severe, if preventive and curative actions are not taken, i.e. the implementation of anti-
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erosion facilities depending on the slope and geological context (hard and soft rocks). However, these
steps may be unfavourable, given that the catchment area is made up of privately owned land.

Finally, the implementation of the universal soil loss equation using Geographic Information
System (GIS) allows the assessment of the potential risk of large-scale erosion. Nevertheless, the model
underestimates the actual soil loss, which seems normal because the model does not take into account
other forms of erosion, especially since the Oued El Malleh watershed has experienced severe flooding in
1999 and 2002. It is a simple and inexpensive aid tool for modelling and mapping soil erosion, especially
for inaccessible areas where field measurements are rare or even non-existent.
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