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Abstract. Soil erosion is a major environmental issue worldwide, posing significant threats to land productivity and ecosystem stability. In the
Ouljet Soultane watershed, the main environmental concern is the risk of soil erosion. This research aims to use the Revised Universal Soil
Loss Equation (RUSLE) model to estimate annual soil loss in the region and assess the relative contributions of erosion-regulating factors. The
GIS environment incorporates model variables such as soil erodibility (K), rainfall erosivity (R), topography (LS), land cover and management
(C), and support practices (P). A layer was developed for each of these components, and the GIS calculator was used to multiply the raster
values of each parameter. According to the RUSLE model and GIS raster calculations, soil erosion occurs at an average rate of 22.5 t/ha/year.
Rainfall has been identified as the most sensitive factor influencing soil erosion risk in the sub-catchment area. Soil erosion estimates indicate
that immediate intervention is necessary to mitigate soil loss. However, to develop effective conservation measures, further research is needed
on erosion severity, area prioritization, and sediment loss projections in this watershed.

Keywords: Soil Loss, Ouljet Soultane Basin, Water Erosion, RUSLE Approach, GIS and Remote Sensing, Morocco.

Résumé. Le probléme environnemental le plus complexe dans le bassin versant d’Ouljet Soultane est le risque d’érosion des sols Par conséquent,
cette étude vise a utiliser le modele Equation Universelle Révisée des Pertes en Sol (RUSLE) pour calculer les pertes en sols annuelle dans le
bassin versant et évaluer les contributions relatives des facteurs de régulation de 1’érosion. L’environnement SIG comprend des variables de
modele telles que 1’érodibilité du sol (K), I’agressivité des pluies (R), la topographie (LS), la gestion et la couverture (C), et les pratiques de
soutien (P). Une couche SIG (layer) a été développée pour chacun de ces composants. Le calculateur SIG a été utilisé pour multiplier les valeurs
raster de chacun de ces paramétres. L’érosion des sols se produit a un taux moyen de 22,5 t/h/an, comme déterminé par le mode¢le RUSLE
et les calculs de grille SIG. Les précipitations se sont avérées étre 1’élément le plus sensible influencant le risque d’érosion des sols dans la
région du sous-bassin versant. Les estimations de 1’érosion des sols indiquent qu’une intervention immédiate est nécessaire dans la région pour
protéger le sol. Cependant, pour créer des mesures de conservation efficaces, une enquéte plus approfondie est nécessaire sur les évaluations
de la gravité de ce bassin versant, la hiérarchisation des zones et la projection des pertes en sédiments.

Mots clés : Perte de sol, Bassin d’Ouljet Soultane, Erosion hydrique, Approche RUSLE, SIG et télédétection, Maroc.

INTRODUCTION soil erosion and the resulting land degradation have rendered

large expanses of land economically useless in many areas.

One of the difficult problems of the twenty-first century is
land degradation (Ezzaouini et al. 2020, Hara et a. 2021, Sands
2023, Benzougagh et al. 2024). The global sustainability of
natural resources, land management, ecosystem health, and
agricultural production are all impacted by soil erosion risk,
this poses a significant risk to the environment (Batist et al.
2019, Brahim et al. 2020, Bammou et al. 2024). Significant
environmental issues are brought on by sediment export
to rivers and lakes and soil erosion. Various types of land
degradation, including salinization, compaction, acidity, soil
sealing, soil erosion, soil pollution, and desertification, affect
more than 6 billion hectares globally (Ganasri & Rameh.
206, Ganzour et al. 2024, Bezak et al. 2024). Unchecked

Consequently, agricultural systems lost 75 billion tons of rich
soil annually. (Sarapatka et al. 2019, Phinzi et al. 2021) .

Monitoring soil erosion risk is crucial for effective land
protection. However, assessing soil erosion using experimental
plots may be costly and time-consuming. Around the world,
several techniques have been developed and implemented
for evaluating soil erosion. For many years, scientists have
been simulating soil erosion. There are over 82 models of
soil erosion that employ different methods and approaches
(Brahim et al. 2020, Bezak et al. 2024) among these are the
Morgan-Morgan—Finney (MMF) (Morgan et al. 1984) The
European Soil Erosion Model (EUROSEM) (Morgn 2001),
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the Water Erosion Prediction Project (WEPP) (Nearing et al.
1997), the Universal Soil Loss Equation (USLE) (Wischmeier
& Smih 1965, 1978) and its updated version, RUSLE
(Renard et al. 1991); EPM (Gavrilovic 1962); are among
the tools that researchers and policymakers frequently use.
the Water and Tillage Erosion Model, the Sediment Delivery
Model (WaTEM/SEDEM) (Van Oost et al. 2000); STREAM
(Cerdan et al. 2002); the Soil and Water Assessment Tool
(SWAT) model (Arnold et al. 2012); distributed soil erosion
and sediment yield model (DSESYM) (Yuan ef al. 2015). Of
these, the RUSLE model is thought to be one of the empirical
models used most frequently to evaluate soil water erosion.

Water erosion is a significant problem in Morocco,
presenting various challenges to the country. Factors such as
irregular and intense precipitation, steep slopes, deforestation,
intensive agriculture, and inadequate land management
practices contribute to the risk of soil erosion (Chadli 2016,
Moussi et al. 2023). Ecosystems are damaged, fertile soil
is lost, water retention capacity is reduced, and agricultural
output is lowered as a result of this erosion. It also impacts
water resources, water quality, and infrastructure stability
(Benzougagh et al. 2022, Sadkaoui et al. 2023, Bammou et
al. 2024). Nevertheless, a number of factors, including intense
rainstorms, steep hills, deforestation, burning plant cover,
insufficient land management techniques, and unsustainable
farming methods, were essential in hastening the depletion
of soil water. Therefore, the purpose of this study was to
determine the borders of the soil erosion risk zone and forecast
soil loss using the RUSLE model. Utilizing the Geographic
Information Systems (GIS)-based model estimate, a second
computation of the possible soil erosion’s geographic
distribution within the study area. The RUSLE model uses
several criteria to estimate soil erosion: runoff erosivity (R),
soil erodibility (K), slope steepness (S) and slope length (L),
cover and management techniques (C), rainfall, and support
for conservation initiatives (P) (Renard & Freimund 1994).
Therefore, the data acquired from this study will be helpful
in creating strategies for managing soil erosion in the study
region, assisting planners, soil scientists, and policymakers. To
address this issue, implementing soil conservation measures,
adopting sustainable agricultural practices, and raising
awareness among stakeholders are crucial. Additionally,
research, monitoring, and capacity-building initiatives can
assist in the creation of efficient erosion control plans adapted
to Morocco’s various areas. By addressing water erosion,
Morocco can protect its agricultural lands, preserve natural
ecosystems, and ensure the sustainability of its water resources.

MATERIALS AND METHODS

Study area

Beht watershed, which contains two dams, the upstream
El Kansera Dam, and the central Ouljet Soultane Dam has
a surface area of 6196.26 km?. The research area is shaped
like an extended rectangle with its NW-SE orientation. The
cities of Sidi Kacem and Sidi Slimane border it to the north;
Meknes borders it to the northeast; El Hajeb, Ifrane, and Jbel
Hebri border it to the east; Mrirt and Oued Oum Rabia border
it to the south; and Oulmes and Khemisset border it to the
west.

With features including depressions, multibranched gullies,
extraordinarily high rocky outcrops, and alluvial terraces
serving as accumulation forms, the research region’s terrain
ranges from being comparatively flat to being somewhat
rocky. With a height range of 299 to 2134 meters, the steep
slopes encompass around thirty percent of the watershed area.

A sub-basin of the Oued Sebou is the Oued Beht hydrographic
basin. Watercourses of this river originate in the northern
central region of Morocco and the western Middle Atlas.
It joins the lower Oued Sebou after crossing the central
Rif southern trench, where it receives contributions from a
number of significant tributaries, then the southern portion
of the El Gharb plain and the Pre-Rif, which is part of the
western central Rif southern trench (Fig.1).

Research region consists of an anticlinal dome of
tectono-diapiric origin separating two synclinal depressions.
Previous studies examined the spatial and temporal
variations of various sedimentary units’ deposit typology
and contemporary sediment dynamics (Laabidi et al. 2017).
The morpho-structural conditions of the valley, which have
a significant impact on the typology of the fluvial styles,
are connected to the morpho-sedimentary typology of the
study area’s fluviatile sedimentary settings as well as their
spatial distribution and history (Ait Yacine ef al. 2019). The
meandering style with anastomosed tendency and the straight
to weakly sinuous style with braid tendency are, in fact, the
most popular fluvial styles. The first type originated in the
present-day riverbed, which is made up of fragile clayey and
swampy Miocene and Triassic era terrain. The valley is large
and divided into depressions with synclinal structure. In the
second kind, Jurassic carbonate terrains cause the valley to
narrow and form an anticlinal dome.

In terms of geology, the study area includes formations
from the Quaternary to the Paleozoic. The geological
formations of the Paleozoic basement and cover dip beneath
Upper Miocene formations in the central Rif southern trench.
The Miocene formations are unconformably overlain by the
deposits of the fluvial terraces of the Oued Beht, which are
stratified and nested (Michard 1976, Fedan 1988, Capella et
al. 2017). The watershed is situated on three geological and
structural domains: the Hercynian Central Morocco (Beaudet
1969, Sabaoui 1987, Saidi et al. 2020), the southern Rif trench
and the Middle Atlas Causse. It is entirely established on the
impermeable formations of the Primary and Permo-Triassic
of the Central Massif. The Quaternary basalts over which the
Oued Beht flows at its source are of little significance to be
considered (Marghich 1988, Lakhili et al. 2021). In the vast
Paleozoic complex, of Ordovician, Silurian, and Carboniferous
age, shales make up the bulk of the formations and sometimes
show intercalations of quartzites and limestones, (Fig. 2).
Further north, but upstream of El Kansera, the red saline clays
of the Permo-Triassic appear, associated with a few limited
extent basalts (Lakhili 2018).

The watershed features a diversity of soils that significantly
influence its hydrological processes and capacity to support
vegetation (Lakhili 2018, Ait Yacine ef al. 2019). This variety
is linked to the geology, climate, and human activities in
the region. The main types of soils found in the watershed
are: (i) Clay soils: Composed of fine particles, these soils
have excellent water retention capacity. They are often
located in low-lying areas and depressions of the watershed.
However, their dense structure makes them susceptible to
compaction, which can limit water infiltration and plant
rooting. (ii) Sandy soils: Made up of coarse particles, sandy
soils provide exceptional drainage. They are generally found
at higher elevations or in well-drained areas. Nevertheless,
their low water and nutrient retention capacity limits their
natural fertility. (iii) Loamy soils: Considered the most
balanced, these soils have an optimal mixture of sand, silt,
and clay. They offer good drainage while retaining enough
water and nutrients for plant growth. Loamy soils are often
found in floodplains and along riverbanks. (iv) Saline soils:
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Figure 2. Geological section of study area.

Characterized by a high concentration of salts, these soils are
frequently found in arid or semi-arid regions, as well as in
coastal areas. Salinity limits plant development by disrupting
physiological processes. (v) Organic soils: Rich in organic
matter, these soils form in wetland areas, such as peat bogs
and marshes. They play a crucial role in the carbon cycle and
harbor specific biodiversity.

Knowledge of soil types is a fundamental element
in assessing the risk of water erosion using the RUSLE
(Universal Soil Loss Equation) model. Indeed, the K factor in
this equation represents the soil erodibility, which indicates its
sensitivity to erosion.

The Atlantic Ocean and the Saharan domain, which are
situated in the west and east of northern Morocco, both have
an impact on the Mediterranean climate that prevails in the
Beht basin (Nastos ef al. 2013). An average of 700 mm of
precipitation falls on the basin each year, with variations
varying from 1000 mm in the wet northern Middle Atlas to
400 mm in the high Beht valley. The amount of rain that falls
throughout the year is not uniform and fluctuates greatly from
year to year and month to month. These rains often occur in the
form of thunderstorms and are characterized by occasionally
violent floods (Benzougagh et al. 2021).
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METHODOLOGY

RUSLE model structure

Renard et al. (1997) developed RUSLE model to assess
how physical and anthropogenic variables, Raindrops and
surface runoff cause soil erosion at the rill and inter-rill scales,
which is affected by elements including land use and cover.
RUSLE is a commonly used global approach for calculating
the rates of long-term deterioration in field otherwise farm-
sized units under varied management strategies. The results
of this model provide important insights for soil conservation
and sustainable land management strategies by allowing
researchers and land managers to assess the potential impact
of various land use and management scenarios on soil
erosion. Its widespread global use demonstrates its usefulness
in calculating and predicting rate of soil erosion, assisting
in the development of erosion control methods, and making
knowledgeable choices on agriculture methods and land use
planning. As this study utilized the RUSLE model (Fig. 3),
five parameters were assessed, and the average annual soil
loss over the long run was determined (Eq.1).

A=RxKxLSxCxP (Eq.l)
Where:

A: soil erosion rate or average annual soil loss due to sheet and rill
erosion (t/haly);

R: factor that determines how erosive rainfall is, explaining the
strength and duration of storms(mm/ha/h/y);

K: erodibility factor, which gauges how easily soil may separate
under typical circumstances (t. ha/MJ.mm);

LS: steepness and length of the slope (L in m and S in %);

C: factor for management cover those accounts for surface roughness,
canopy, surface cover, and the effects of past land usage;

P: support factors technique.

The following explains each variable that impacts the rate
of erosion based on the erosion estimate equation mentioned
above:

Rainfall Erosivity Factor (R)

Rainstorm intensity and duration can impact soil stability,
particularly when they surpass soil resistance, leading to
increased erosion (Ollobarren Del Barrio ef al. 2018, Brahim
et al. 2020).The amount of soil detachment brought on by
raindrop splash erosion at a certain place is reflected in the
rainfall erosivity factor (mm/h/y).The product of rainfall
kinetic energy (E) and maximum 30-minute rainfall intensity
(I30) continuous precipitation data is used to compute the R
factor (Wischmeier & Smith 1978, Ganasri & Ramesh 2016).
However, in addition to flawed data collection procedures, it is
difficult to get rain gauge-based data on rainfall intensity over
extended in the research region. Researchers have proposed
simplified techniques for calculating rainfall erosivity using
monthly and yearly rainfall (da Silva 2004, Dutta et al. 2019).
Utilizing information from rain gauge stations dispersed
around the research region, as well as riparian zones, spatial
variations in precipitation can be taken into account. This
provides a comprehensive and more detailed map of regional
rainfall patterns (Fig. 4).

According to Arsyad (2010), the value of R indicates the
erosive capacity of rainfall at a particular place or the erosivity
of yearly rainfall. Other formulas exist for calculating the R
factor; however, for the sake of this study, Lenvain’s (1975)
formula, presented in equation (Eq. 2), was used. Some
formulas are more complex than others. Lenvain’s formula
might have been preferred due to its simplicity and ease of
calculation (data availability) for the study area.

R=2.21x P'¥ (Eq.2)

Where: R is the factor of rainfall erosivity(unit/month); P is the
monthly average rainfall (cm).

The choice of interpolation method for estimating the R
factor in the study area is influenced by the spatial distribution
of available rainfall data. This study employs Kriging as the
interpolation technique. Kriging is a geostatistical method
that accounts for spatial autocorrelation in the data, yielding
more precise interpolations, especially for datasets exhibiting
strong spatial structures.

Soil Erodibility Factor (K)

Soil erodibility (K) reflects the soil’s susceptibility to
erosion, or how quickly it erodes (Arsyad 2010). The soil’s
organic and chemical content, infiltration capacity, soil
texture, and soil aggregate stability all affect how erodible
the soil is (Mastere et al. 2013, Brahim et al. 2020, Faouzi
et al. 2023). Fu et al. (2011) and Millward and Mersey
(1999) assert that it explains why the soil reacts over time
to periods of intensely erosive precipitation. Soil erodibility
as influenced by soil parameters is measured by factor (K).
Wischmeier and Smith (1978) presented a straightforward
technique for calculating the erodibility factor that considers
five soil properties: permeability, sand, silt, soil structure, and
percent organic matter (OM). According to Yitayew et al.
(1999), Ouallali et al. (2016), Hara et al. (2021) and Brahim
et al. (2020), The most effective techniques for evaluating soil
properties as factors influencing erodibility of soil, are field
testing. K is a measure of the susceptibility of soil particles to
detachment and transport by rainfall and runoff. Texture is the
principal factor affecting K, but structure, organic matter and
permeability also contribute (Stone & Hilborn 2012).

To build a vector coverage map, some researchers scan
pre-existing soil maps that may be obtained in hard copy
format from government agencies. The FAO soil classification
system or the Agricultural Handbook (Shamshad ef al. 2008)
are two sources that are used to classify the soils (Millward
& Mersey 1999, El Brahimi et al. 2022). Vector soil map was
then converted using ArcGIS tools to produce a raster map.
In their investigation of Morocco’s Oued Amter watershed,
El Brahimi et al. (2022) computed soil loss from agriculture
using the RUSLE and GIS methodologies. El Brahimi ef al.
(2022) created the soil map of the Oued Amter watershed, and
their findings show that the watershed has very thin sandy
and silt loam soil textures, as well as a high soil erodibility
of about 88.9%. The soil map is used to calculate the soil
erodibility factor for the watershed. Interpretation of the soil
characteristics of the target area allowed them to be classified
in the Wischmeier and Smith (1978) chart to approximate the
K-factor based on the parameters of organic matter, structure,
texture, and permeability. Determination of these parameters
is difficult due to the lack of a soil survey in the study
area. The K factor is a determining factor in the equation
of Wischmeier and Smith (1978) (Eq.3) since it reflects
the degree of erodibility of soils through the determination
of their composition. Thus, its estimation was based on the
analysis of soil samples taken in the study area by applying
the following equation (Eq.3):
100K=2.1M"1.14x10"(-4) (12-a)+3.25(b-2)+2.5(C-3) (Eq.3)
Where:

K: Soil erodibility in ha.H/ha.MJ.mm; M: (% Fine sand + % Silt)
*(100-% Clay); a: % of organic matter; b: Soil structure code (1 to
4) [1: Very fine; 2: Fine; 3: Medium and coarse; 4: very coarse]; c:

Permeability code (1 to 6) [1: Fast; 2: Medium to fast; 3: Moderate;
4: Slow to moderate; 5: Slow and 6: Very slow].
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Slope Length and Steepness Factor (LS)

The RUSLE model’s Length and Slope component
explains how topography affects erosion. Experts in soil
erosion used to define slope length as the distance between
the onset of overland flow and the point at which the flow
concentrates in a specific channel or the slope gradient
decreases to a level where deposition may begin (Wischmeier
& Smith 1978, Romkens et al. 1995, Renard et al. 1997).
Haan ef al. (1994) found that increased water velocity causes

erosion to increase proportionately with slope length. As a
result, soil loss rises in proportion to length slope and gradient
(McCool et al. 1987). A trustworthy estimate the impacts of
slope length and inclination are combined to generate the rate
of soil erosion. The two most prevalent forms of erosion are
inter-rill and rill. Surface runoff that follows the direction of
the slope causes inter-rill erosion. The impact of raindrops
striking the ground is what causes the latter. Although it does
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not distinguish between the two forms of erosion, the RUSLE
depicts both of them.

Several researchers have used the basic technique
of determining the topographic influence on erosion by
combining both components (L and S). With GIS technology,
many academics now use DEMs to generate topographical
data. Contours that are digitally digitized and have set
intervals are used to build the DEM (30 m). There are several
topographical calculation formulas. Numerous investigators
have employed the methodology suggested by Stone and
Hilborn (2012). Equation (Eq.4) illustrates that this method
requires steeper slopes and flow accumulation.

LS = (Flow accumulation x Cell size/22,13)"(sin
(Slope)/0.0896)'3(Eq.4)

Where: The complete flow accumulated in each cell on a frame
basis, weighted for all cells flowing into each downstream cell, is
represented by the flow accumulation map); grid cell size: the size
of' the grid cell determined by using the 30 m resolution of the DTM;
slope length and steepness factor (LS); The gradient: a degree-by-
degree slope chart.

Management of the vegetation cover: factor (C)

The way that ground cover—whether it originates from
grass and trees in non-agricultural settings or crops in
agricultural environments and the associated management
techniques to reduce soil loss—affects soil cover may be
clarified through controlling the quantity of vegetation
component (Renard et al. 1997). When vegetation grows,
soil loss decreases because ground cover tends to lessen the
erosive power of raindrops before they reach the soil’s surface
(Jahun et al. 2015, Benzougagh et al. 2022). In order to reduce
erosion and runoff rates, several forms of crop cover as well
as plant cover are essential. An effective way to decrease
soil erosion is to manage plants and plant wastes (Lee 2004,
Bammou et al. 2024). In their assessment research of refined
surfaces in decreasing erosion (Benkobi ef al. 1994), state
that steepness, slope length, and surface cover are important
variables in regulating soil loss.

The C-factor can be computed using a variety of
techniques: (i) Historically, surface cover factor has
been determined using empirical estimates derived from

Table 1. Values of the C-factor.

observations of various parameters associated with ground
cover gathered from model plots. (ii) Weighted average soil
loss ratios (SLRs), which are calculated by accounting for
several sub-factors like surface roughness, canopy cover,
prior land use, and surface cover, can also be used to create
it (Renard ef al. 1991, Chadli 2016). (iii) The method that
is now most frequently used to calculate the surface cover
factor is the classification of cover land and land use from
satellite images using remote sensing techniques (iv) One of
the most often used methods in remote sensing to calculate
the C factor is the Normalized Difference Vegetation Index,
or NDVI. This index, it is obtained from equation (Eq.5) for
Landsat-8 images and is used in the current work to evaluate
surface cover types.

NDVI = (NIR - R)/ (NIR + R) (Eq.5)

Where: NDVI is the normalized difference vegetation index; NIR
is the near-infrared band reflectance; R is the red band reflectance.

Higher values indicate healthier and denser vegetation.
The range of NDVI values is -1 to 1. Water bodies or places
devoid of vegetation are indicated by values near to -1, whereas
thick and vigorous vegetation is indicated by values near to 1.
Studies (Kriegler et al. 1969), additionally demonstrated that
crop type and management techniques have an impact on the
slope values that are projected for arable land (Eq.6).

C = e CUMDVIE-NDVD (B 6),

Where: o and [ are unitless parameters that determine the shape of
the curve relating to NDVI and C factor.

The RUSLE Fact Sheet from Ontario’s Ministry of
Agriculture, Food, and Rural Affairs in Canada and the Erosion
and Sediment Control Manual from Georgia’s Soil Water and
Conservation Commission in 2000 were the sources of the C
factor (Tab.1) values for each kind of land use.

Soil Conservation Practice Factor (P)

A dimensionless ratio called the conservation and
management practice factor (P) considers soil loss as
a consequence of certain management strategies into
consideration (Wischmeier & Smith 1978, Renard et al.
1997). It offers an illustration of how lowering the volume

Land use class C-factor
Rainfed agricultural lands 0.07
Mosaic agriculture (20-50%) and vegetation (20—70%) (grassland, shrubland, and forest 0.07
Mosaic vegetation: 20-50% agriculture and 50—70% grassland, shrubland, and forest 0.1
Closed (>40%) deciduous woodland with wide leaves (>5 m) 0.001
Closed (>40%) evergreen needleleaf forest (>5 m) 0.001
Closed to open (>15%) mixed woodland with needle- and broad-leaved leaves (>5 m) 0.001
Mosaic woodland or shrubland (between 20 and 50 percent) or shrubland 0.1
Mosaic shrubland or woodland (20-50%), or grassland (50-70%) 0.1
Closed to open ([15 %) shrubland (<5 m) with broadleaved or needle-leaved evergreen or deciduous leaves. 0.001
Very little (<15%) vegetation 0
Artificial surfaces and their surroundings (almost 50% of urban areas) 0
Bare regions 0
Bodies of water 0
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and velocity of water flow might lessen erosion. The P-factor
is the ratio of soil loss from a support technique to that from
straight-row farming that is done up and down. Stone and
Hilborn (2012) found that the most widely used farming
techniques were contour farming, cross-slope farming, and
strip cropping.

Table 2. Values of P-factor (Chadli 2016).

Land use class

P wvalues increase when agricultural producers plow
vertically without conservation measures. But when
conservation measures are used, the P-value usually goes
down. The P factor was derived from Table 2 for the US and
Canada and the Glob cover map, using a method similar to
that used for the C factor.

P-factor

Rainfed croplands

Rainfed agricultural lands

Mosaic agriculture (20-50%) and vegetation (20-70%) (grassland, shrubland, and forest
Mosaic vegetation: 20-50% agriculture and 50-70% grassland, shrubland, and forest

Closed (>40%) deciduous woodland with wide leaves (>5 m)

Closed (>40%) evergreen needleleaf forest (>5 m)

Closed to open (>15%) mixed woodland with needle- and broad-leaved leaves (>5 m)

0.5
0.5

1
1
1
1
1

Mosaic woodland or shrubland (between 20 and 50 percent) or shrubland 1

Mosaic shrubland or woodland (20-50%), or grassland (50-70%)

Closed to open ([15 %) shrubland (<5 m) with broadleaved or needle-leaved evergreen or deciduous leaves.

Very little (<15%) vegetation

Artificial surfaces and their surroundings (almost 50% of urban areas)

bare regions

bodies of water

RESULTS
Factors Controlling Soil Erosion

The rainfall research of the eight meteorological stations
revealed irregularity of precipitation in space and time.
The rainfall erosion factor (R) ranges from 157 to 1981 MJ
mm/h/y. The eastern portion of the watershed has the highest
values, while the center region has intermediate readings. The
northeastern part of the catchment has lower values, with a
poor distribution (Fig. 5a). The soil erodibility factor (K) has
a range of values from 0.119 to 0.162 t ha h ha™ MJ™' mm™!
(Fig. 5b). Soils with low antecedent moisture content and high
permeability are associated with lower K-factor values;and low
water content. A topographic indicator that depicts the shape of
the terrain is the LS-factor. To calculate the slope, a 12.5-meter-
resolution digital elevation model (DEM) was employed. The
LS-factor results for the whole watershed varied from 2.5 to
59.5 (Fig. 5c). The majority of the land within the classes is
characterized by low slopes, which account for roughly half of
the total basin area. Twenty percent of the watershed is made
up of medium-slope terrain, mostly in the median and a few
locations upstream and downstream. Only 10% of the entire
region under investigation is made up of areas has incredibly
steep slopes that are situated in the center of the watershed.
The Cover Management Factor (C) has a range of values from
0 to 1 (Wischmeier and Smith 1978). The C factor represents
the effect of plant cover on soil loss. A value of 0 indicates
complete cover, while a value of 1 indicates bare soil. The
spatial distribution of the Cover Management Factor (C)
within the study area, as depicted in Figure 5d, exhibited values
ranging from 0.21 to 0.59 (Fig. 5d).

Potential Erosion Risk Analysis

The RUSLE model parameters for rainfall erosivity (R),
soil characteristics (K), topography (LS), cover management

—_

S

(C), and requirements for conservation and management
techniques (P) were used to create a future erosion risk
map for the Ouljet Soultane watershed. The potential soil
erosion map (map of A factor) of Ouljet Soultane has
been developed in the GIS application through the five
components’ multiplication (R, K, LS, C, and P). Using the
categorization scheme created by the United Nations Food
and Agriculture Organization (FAO) in 1979 (Tab.3), there
were five categories on the risk map (Fig.6) for the succeeding
soil erosion, between extremely low and extremely high
risk. The characteristics of surface cover and slope have
distinct implications on the possibility of soil erosion risk.
These factors combine to determine the degree of risk in
Ouljet Soultane watershed. Steeper slopes often represent a
higher danger of erosion, landslides, or runoff, especially in
combination with inadequate surface cover such as plant or
protective barriers. On the other hand, regions with gradual
slopes and appropriate surface cover may be less susceptible
to such risks. When analyzing and managing hazards in a
variety of contexts such as land management, infrastructure
development, and natural disaster preparedness, slope and
surface cover must be taken into account. 97% of the study
area has a low erosion risk, according to the data, 0.85% has a
medium risk, and 1.78 percent has a high risk.

Table 3. Erosion risk classification (FAO 1979).

Erosion rate in t/ha/y Risk class
200< Very high
200 - 50 High
50-10 Medium
10> Low
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Figure 5. Factors controlling soil erosion in the Ouljet Soultane watershed: (a) rainfall erosivity (R); (b) soil erodibility factor (K);
(¢) topographic factor (LS); (d) cover management factor (C).
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Figure 6. Categories of erosion risk and their spatial distribution in the study area.
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DISCUSSION

The results of this study reveal significant insights into the
spatial distribution of soil erosion risk within Ouljet Soultane
watershed, particularly highlighting the predominance of
low erosion values across the area (Fig.7). According to the
findings, approximately 97% of the study region exhibits low
erosion rates, as illustrated in Figure 7. This raises important
considerations regarding the local environmental conditions
and the factors influencing these outcomes. The low erosion
values can be attributed to several key factors inherent to
the watershed’s characteristics. Firstly, the rainfall erosivity
(R) factor, which varies significantly across the region,
indicates that while certain areas experience intense rainfall
events, much of the watershed maintains relatively moderate
precipitation patterns. This variability contributes to the
overall lower erosion rates observed. The spatial distribution
of rainfall, coupled with the terrain’s topography, further
influences runoff dynamics, which are crucial in erosion
processes. Additionally, the soil erodibility (K) factor plays
a critical role in determining erosion susceptibility. The data
used in this study indicate that the majority of soils in the
watershed possess properties that enhance their resistance
to erosion. Factors such as high permeability and organic
matter content contribute to this resilience, allowing soils to
absorb rainfall effectively and reduce surface runoff. Areas
with lower K values are particularly noteworthy, as they
indicate soils that are less prone to detachment and transport,
thus supporting the observed low erosion rates. Topography,
represented by the slope length and steepness (LS) factor, also
influences erosion dynamics. The majority of the watershed
comprises gentle slopes, which limit the velocity of water
flow and reduce the potential for erosion. In contrast, only a
small fraction of the area is characterized by steep gradients,
where erosion risk is inherently higher. The combination of

these topographic features contributes to the overall stability
of the landscape.

Moreover, the cover management factor (C) reflects the
impact of vegetation and land use practices on erosion control.
The presence of vegetation, whether from natural shrubland
or agricultural practices, plays a significant role in protecting
soil surfaces from the erosive forces of rainfall. In our study,
areas with robust vegetation cover exhibited markedly lower
erosion rates, reaffirming the importance of effective land
management strategies. In contrast, the limited areas that
showed higher erosion values warrant further investigation.
These zones may be subjected to localized factors such as
deforestation, poor agricultural practices, or concentrated
runoff from impervious surfaces. Understanding the specific
conditions that lead to elevated erosion risk in these pockets
is crucial for developing targeted conservation measures.

The potential for water erosion risk in several basins in
Morocco has been investigated at the national level, with
different degrees of soil loss depending on the location.
According to the literature, researchers have reported varying
rates of soil erosion in several watersheds and basins in
Morocco. In the northwest Rif area, the average annual erosion
rates were found 47.18 t/h in the Oued Sania basin and 34.74
t/h in the Kalaya basin (Tahiri ez al. 2015, 2017). According
to Ouallali et al. (2016), the average annual erosion rate in the
Arbaa Ayacha River watershed within the western Rif region
was determined to be 25 t/ha. The Oued Salha watershed in
the central Rif had a greater rate of soil loss at 55.53 t/ha
annually than the Oued Boussouab watershed in the eastern
Rif, which saw an annual loss of about 22 t/ha/year (Sadiki
et al. 2007). Oued Inaouene watershed in the Prerif was
estimated to have an erosion rate of 36.33 t/h/y (Benzougagh
etal. 2021, 2024).

In the Bouregreg watershed, the specific erosion rates,
estimated according to the USLE and RUSLE models, are

Figure 7. Various expressions of the issue of water erosion in the research region.
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respectively 0.94 (t/ha/year), 1.07 (t/ha/year) (Hara et al.
2021). The estimated rates of erosion for the Oum Er-Rbia
watershed in the Middle Atlas varied greatly, ranging from 58
t/h/y (El Jazouli et al. 2019) to 224 t/h/y (Yjjou et al. 2014).
An estimate of the soil loss in the Sebou watershed, which
makes up more than 70% of the Gharb area, was 10 t/ha/year
(Chadli 2016). Ultimately, it was estimated that the N’fis
watershed in the western High Atlas would have a higher rate
of 115 t/h/y, whereas the Haouz plain in the High Atlas had
a significantly lower average annual soil erosion rate of 3.53
t/h/y (Markhi et al. 2019, Bammou et al. 2024).

Conclusion and recommendations

This study focused on predicting soil erosion risk in
relation to land use within the Ouljet Soultane watershed. The
findings indicate that land use is a major controlling factor
in triggering both surface and deep erosion. The relationship
between erosion and various causative parameters is
characterized by significant spatial heterogeneity. This
heterogeneity is explained by the wide variety of land use
classes, which are themselves influenced by factors such as
water action, lithology, geomorphological context, and human
interventions.

The results highlight central Morocco as a highly
vulnerable and fragile area, where erosion and other forms of
slope instability are exacerbated by increasing anthropogenic
pressure. In this region, the current evolution of slopes is
driven by highly active instability, with diverse forms and
processes. The uneven distribution of these forms across
space and time reflects the varying sensitivity of different
environments and implicates multiple factors of both natural
and human origin.

Anthropogenic activity, which has intensified over the
last decade, is a key driver of landslides and the development
of badlands. This situation should prompt decision-makers
to accompany their infrastructure and urban development
projects with preventive measures aimed at ensuring the
hydrological and gravitational stabilization of slopes.

Soil erosion is a major global issue, particularly affecting
agricultural communities. In light of the study area’s
vulnerability to climate change, it is essential to assess the
impact of erosion on land degradation. This knowledge will
empower decision-makers and land managers to implement
appropriate conservation and protection measures. Examining
the geographical distribution of soil erosion in the Ouljet
Soultane watershed is the aim of this study. Legislators
and land use/cover planners may utilize the generated data
to guide policy-level planning processes for conservation
and management, offering crucial information for
environmentally friendly and sustainable land use practices.
Based on the integration of many RUSLE model variables
processed via GIS software, the study’s findings. The study
predicts an average of 22.5 tons of soil erosion loss per acre
each year. The findings of this study emphasize the need for a
holistic and economically viable approach to soil protection,
especially in regions susceptible to erosion.

Increasing the amount of vegetative cover on the land is the
most crucial aspect of conservation, and farmers, or the local
population, should be involved in all conservation efforts.
The most vulnerable characteristics (management variables)
that cause soil erosion should be evaluated under various
management scenarios improve conservation planning. Future
research should also examine how agricultural productivity is
affected by soil loss; How can soil sustainability be ensured
over the long term? How can farmers get ready for water

conservation? The study’s findings would make it easier to see
how land uses and a watershed’s risk of erosion are related,
allowing the conclusions to be applied to other watersheds
with comparable landforms, soil types, and land use/land
cover.
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