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INTRODUCTION

Soil loss due to erosion is a global phenom-
enon entailing severe negative impacts on eco-
systems, societies, and livelihoods (Gourfi et al., 
2024; Batunacun et al., 2019; Rafik et al., 2022). 
Anthropogenic, topographic, pedological, and 
climatic factors, especially water, play a decisive 
role in soil erosion. Indeed, rainfall and surface 
runoff are the main driving forces behind water 
erosion. (Deore and Pethkar, 2023). On a global 
scale, this phenomenon has quite the significant 

impact, affecting approximately 1.094 million 
hectares of arable land each year (Noor et al., 
2013; El Mouatassime et al., 2019). Morocco, 
along the same line, is vulnerable to erosion in an 
increasing rate over the years (Aoufa et al., 2022).

Water erosion is the leading cause of land 
degradation in Morocco (Fartas et al., 2022), 
significantly affecting up to 40% of the national 
territory (FAO and ITPS, 2015) and threatening 
nearly 75% of cultivated lands (Messaoudi et al., 
2024). For the past 30 years, Morocco has expe-
rienced one of the most severe drought episodes 
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in its contemporary history. Particularly, in the 
High Atlas region, vegetation growth is limited 
due to worsening water deficits (Nouaim et al., 
2023), which negatively disturbing soil stability 
and increasing its vulnerability to water erosion. 
Moreover, ever-increasing human activities, such 
as urbanization and certain agricultural practices, 
exacerbate this vulnerability.

To assess and predict soil erosion, various ap-
proaches have been applied, including statistical, 
physical, and empirical models. Statistical methods 
such as the frequency ratio (FR) are widely used 
to analyze the factors influencing gully formation. 
These approaches enable individual assessment 
of each contributing factor (Fadil and El Wahidi, 
2023) and enhance the understanding of erosion 
processes. Physical models, on the other hand, rely 
on mathematical equations to simulate erosion, 
transport, and sedimentation processes. While they 
provide detailed modeling of water flows and ero-
sion dynamics, their application requires numerous 
parameters, which can limit their use in large-scale 
watershed studies (Raza et al., 2021).

Empirical models are therefore widely used 
in soil erosion modeling, as they demand minimal 
data, making them simple and flexible to apply. 
Some of the most commonly used empirical mod-
els are the universal soil loss equation (USLE; 
Wischmeier and Smith, 1978) and its variants 
MUSLE (Williams, 1975) and RUSLE (Renard et 
al., 1991), These models are extensively applied 
to estimate soil loss and identify the most vulner-
able areas (Oudchaira et al., 2024; Khemiri and 
Jebari, 2021; Tian et al., 2021). However, since 
they were primarily developed for sheet and rill 
erosion, they are unable to simulate gully erosion 
or sediments deposition. In addition, their unsuit-
ability for mountainous areas further limits their 
application in such contexts.

The model developed by Gavrilovic (1972), 
one of the empirical methods named erosion po-
tential method (EPM), represents a valuable alter-
native, making it particularly suitable for moun-
tainous watersheds. Its relatively low data re-
quirements and adaptability to GIS environments 
further enhance its applicability. In Morocco, the 
model has been widely applied, for instance by 
Lakhili et al. (2021) in the Beht watershed, Oual-
lali et al. (2020) in the Arbaa Ayacha watershed, 
and Elbadaoui et al. (2023) in the Toudgha River 
watershed in the central High Atlas.

Located on the northern flank of the west-
ern High Atlas, the Iguerferouane watershed has 

not yet been examined in detail with respect to 
soil erosion and its controlling factors. While the 
Tensift basin, which includes Iguerferouane, has 
been the subject of several regional erosion stud-
ies (e.g., Meliho et al., 2020; Bamou et al., 2024), 
these remain broad in scope and lack detailed in-
formation at the sub-watershed scale. No quanti-
tative assessment of erosion has been conducted 
specifically in the Iguerferouane watershed, de-
spite the area being highly affected by water ero-
sion and its communities relying heavily on ag-
riculture. To address this gap, the study applies 
an integrated approach combining the EPM with 
GIS and remote sensing to analyze and map ero-
sion processes. The objectives are to quantify soil 
loss, identify erosion-prone areas, determine the 
dominant controlling factors, and generate spatial 
information that may contribute to a better un-
derstanding of erosion processes and potentially 
inform future soil conservation and land manage-
ment efforts.

Study area

The Iguerferouane watershed is situated in 
southwestern Morocco, approximately 30 km 
southeast of Marrakech, on the northern flank of 
the High Atlas Mountains. It extends between lat-
itudes 31.322468°N and 31.549283°N, and lon-
gitudes 7.635334°W and 7.760439°W (Figure 1).

The study area is included within the larger 
Tensift basin and extends over a distance of 100 
kilometers, covering a total area of 299.023 km². 
Elevation in the basin ranges from 522 m to 2731 
m, with an average altitude of 1626.5 m. The to-
pography is characterized by slopes varying from 
0° to 66°, with an average slope of 51.01 m/km.

Geologically, the Iguerferouane catchment 
encompasses the northeastern slopes of the 
High Atlas Meso-Cenozoic mountain belt in its 
upstream section and extends into the foreland 
basin downstream (Figure 1c), and the strati-
graphical records displays significant litho-
logical diversity. In the upstream section of the 
Iguerferouabe watershed, the Upper Carbonifer-
ous Paleozoic basement consists of schist and 
marl facies, which is unconformably overlian 
by Triassic formations (Frizon de Lamotte et 
al., 2008). The Meso-Cenozoic cover comprises 
Triassic detrital and evaporitic deposits, over-
lain by late Triassic basalts and Lower Jurassic 
(Lias) carbonate formations. The Cretaceous 
sequence includes fossiliferous dolomites from 
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the Aptian-Albian, as well as Senonian silt-
stones and red sandstones. Within the Ouanina 
syncline, the Tertiary period is marked by flint-
bearing limestones, phosphatic layers, and Oli-
go-Miocene conglomeratic deposits. Lastly, the 
Quaternary formations, composed of sandstone 
and conglomerates, reflect the ongoing erosion 
of the Atlas Mountains.

MATERIALS AND METHODS

To evaluate water erosion in the Iguerfer-
ouane watershed, we applied the erosion po-
tential model. This model considers key factors 
influencing soil loss, such as slope, vegetation 
cover, soil and surface formations, and precipi-
tation. A distinctive feature of this model is the 
inclusion of temperature as an additional factor 
in the assessment of water erosion (Chaouan Ja-
mal, 2015).These variables are integrated within 
a GIS framework (i.e., Arcgis 10.8), where the 
EPM equation (Equation 1) is applied to generate 
a spatially explicit soil loss map. 

	 𝑊𝑊 = 𝑇𝑇 × 𝐻𝐻 × 𝜋𝜋 × √𝑍𝑍3 (1) 
 
 

𝑇𝑇 = √𝑡𝑡0/10 + 0. 1 (2) 
 
 
𝑍𝑍 = 𝑋𝑋𝑋𝑋 × 𝑌𝑌 × ф × √𝐽𝐽𝐽𝐽 (3) 
 
𝑋𝑋𝑋𝑋 = (𝑋𝑋𝑋𝑋𝑋𝑋𝑋𝑋𝑋𝑋𝑋𝑋 − 0.61) × (−1.25) (4) 
 

𝐾𝐾 = ((2.1 × 10−4 × 𝑀𝑀1.14) × (12 − 𝑎𝑎) +
+ 3.25 × (𝑏𝑏 − 2) + 2.5 × (𝑐𝑐 − 3) ) /100 (5) 

 
 
 

	 (1)
where: 	W is total annual volume of detached soil 

(m³/km²./year), H is mean annual precipi-
tation (mm), T is temperature coefficient, 
which is defined as (Gavrilovic, 1998):

	

𝑊𝑊 = 𝑇𝑇 × 𝐻𝐻 × 𝜋𝜋 × √𝑍𝑍3 (1) 
 
 

𝑇𝑇 = √𝑡𝑡0/10 + 0. 1 (2) 
 
 
𝑍𝑍 = 𝑋𝑋𝑋𝑋 × 𝑌𝑌 × ф × √𝐽𝐽𝐽𝐽 (3) 
 
𝑋𝑋𝑋𝑋 = (𝑋𝑋𝑋𝑋𝑋𝑋𝑋𝑋𝑋𝑋𝑋𝑋 − 0.61) × (−1.25) (4) 
 

𝐾𝐾 = ((2.1 × 10−4 × 𝑀𝑀1.14) × (12 − 𝑎𝑎) +
+ 3.25 × (𝑏𝑏 − 2) + 2.5 × (𝑐𝑐 − 3) ) /100 (5) 

 
 
 

	 (2)

where:	 t₀ is Annual mean temperature (°C).

Additionaly, Z [-],the potential erosion coef-
ficient, indicates the intensity of erosion processes 
in the watershed (Baiddah et al., 2025; Hssain, 
2014) and is calculated as follows (Staut, 2004):

	

𝑊𝑊 = 𝑇𝑇 × 𝐻𝐻 × 𝜋𝜋 × √𝑍𝑍3 (1) 
 
 

𝑇𝑇 = √𝑡𝑡0/10 + 0. 1 (2) 
 
 
𝑍𝑍 = 𝑋𝑋𝑋𝑋 × 𝑌𝑌 × ф × √𝐽𝐽𝐽𝐽 (3) 
 
𝑋𝑋𝑋𝑋 = (𝑋𝑋𝑋𝑋𝑋𝑋𝑋𝑋𝑋𝑋𝑋𝑋 − 0.61) × (−1.25) (4) 
 

𝐾𝐾 = ((2.1 × 10−4 × 𝑀𝑀1.14) × (12 − 𝑎𝑎) +
+ 3.25 × (𝑏𝑏 − 2) + 2.5 × (𝑐𝑐 − 3) ) /100 (5) 

 
 
 

	 (3)

where:	Xₐ is soil protection coefficient, Y is Soil 
erosion sensitivity, φ = type and extent of 
erosion coefficient (0.1 ≤ φ ≤ 1) and Jₐ is 
slope coefficient (%).

The methodological workflow used to apply 
the EPM model for generating the soil loss map is 
presented in Figure 2, illustrating the successive 
steps of the process.

Figure 1. (a) Location of the study area in Morocco; (b) location of the study area within the Tensift watershed; 
(c) simplified geological map of the study area, based on the geological map of Morocco and the Aït Ourir Basin 

(1:200,000; 1:10,000)
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Temperature coefficient T

Temperature influences soil erosion by affect-
ing evapotranspiration rates and contributing to 
rock disintegration through thermal weathering 
(Coque, 1977; Oulghazi, 2023). Since no direct 
instrumental measurements were available in the 
watershed, mean annual temperature (t₀) was es-
timated using MODIS/Terra LST data accessed 
through the ClimateEngine platform (https://app.
climateengine.org). The dataset, covering the peri-
od 2000–2023, was then used to calculate the tem-
perature coefficient (T) according to Equation 2.

Precipitation index 

Precipitation considered the most influential 
factor in water erosion, unlike other indices, pre-
cipitation in the Gavrilovic model is used in its 
raw form, expressed in millimeters, without any 
modification. The precipitation data used in this 
study were extracted from the Google Earth En-
gine platform (https://earthengine.google.com/), 
using the Climate Hazards Group InfraRed Pre-
cipitation with Station data (CHIRPS) product 
covering the period from 1981 to 2023. 

Soil protection coefficient (Xa)

The soil protection coefficient (Xₐ) is related 
to vegetation cover, which enhances roughness 
and cohesion, improves soil stability, and conse-
quently reduces erosivity and soil erosion (Rey 
et al., 2004; He et al., 2008; Asima et al., 2022).

In this study, the coefficient Xₐ was de-
rived from the modified normalized difference 

vegetation index (XaNDVI), calculated from 
Landsat 8 OLI imagery (2023).The NDVI was 
computed in ArcGis 10.8 using Band 5(NIR) and 
Band 4 (Red) according to the formula NDVI = 
((NIR-Red))/((NIR+Red)) The resulting values 
were then converted into Xa values using the 
equation 4 proposed by Chaouan Jamal (2015).

	

𝑊𝑊 = 𝑇𝑇 × 𝐻𝐻 × 𝜋𝜋 × √𝑍𝑍3 (1) 
 
 

𝑇𝑇 = √𝑡𝑡0/10 + 0. 1 (2) 
 
 
𝑍𝑍 = 𝑋𝑋𝑋𝑋 × 𝑌𝑌 × ф × √𝐽𝐽𝐽𝐽 (3) 
 
𝑋𝑋𝑋𝑋 = (𝑋𝑋𝑋𝑋𝑋𝑋𝑋𝑋𝑋𝑋𝑋𝑋 − 0.61) × (−1.25) (4) 
 

𝐾𝐾 = ((2.1 × 10−4 × 𝑀𝑀1.14) × (12 − 𝑎𝑎) +
+ 3.25 × (𝑏𝑏 − 2) + 2.5 × (𝑐𝑐 − 3) ) /100 (5) 

 
 
 

	 (4)

where:	Xa is Soil protection coefficient and XaN-
DVI is the adjusted NDVI vegetation index. 

Soil erosion sensitivity (Y)

Soil sensitivity to erosion refers to its vulner-
ability to detachment and transportation of parti-
cles (Wischmeier et al., 1971). It depends on sev-
eral properties, including texture, organic matter 
content, structure, and permeability.

In this study, soil erosion sensitivity (Y) is de-
termined using the Equation 5 developed by Wis-
chmeier and Smith (1978):

𝑊𝑊 = 𝑇𝑇 × 𝐻𝐻 × 𝜋𝜋 × √𝑍𝑍3 (1) 
 
 

𝑇𝑇 = √𝑡𝑡0/10 + 0. 1 (2) 
 
 
𝑍𝑍 = 𝑋𝑋𝑋𝑋 × 𝑌𝑌 × ф × √𝐽𝐽𝐽𝐽 (3) 
 
𝑋𝑋𝑋𝑋 = (𝑋𝑋𝑋𝑋𝑋𝑋𝑋𝑋𝑋𝑋𝑋𝑋 − 0.61) × (−1.25) (4) 
 

𝐾𝐾 = ((2.1 × 10−4 × 𝑀𝑀1.14) × (12 − 𝑎𝑎) +
+ 3.25 × (𝑏𝑏 − 2) + 2.5 × (𝑐𝑐 − 3) ) /100 (5) 

 
 
 

(5)

where:	M – (% silt + % fine sand) × (100 – % 
clay); a – Organic matter content (%) ; b – 
Permeability code ; c – Soil structure code.

To obtain these parameters, 25 soil samples 
were collected across the watershed (Figure 3, 
Figure 4.a,b). Grain size distribution was deter-
mined by laser granulometry (Figure 4c), and or-
ganic matter content was measured using the loss 
on ignition method (Figure 4d). Soil structure and 
permeability codes were subsequently assigned 

Figure 2. Flow chart of the adopted methodology of this research
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Figure 3. Locations of soil sampling points

Figure 4. (a,b) soil samples; (c, c’): laser particle size analyzer BT-9300S; (d) Muffle furnace employed for the 
loss on ignition (LOI) analysis of soil samples

based on the proportions of sand, silt, and clay, 
by plotting the samples on soil texture diagrams. 

Types and extent of erosion coefficient (φ)

This coefficient evaluates the current intensity 
of water erosion within the watershed and helps 

identify visible forms of erosion (e.g., streams, 
gullies, alluvial deposits). It is influenced by 
multiple factors such as lithology, vegetation, 
climate, topography, and land use. In this study, 
the φ coefficient was derived from Landsat 8 OLI 
satellite imagery using the following Equation 6 
(Milevski et al., 2008):
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	 𝜑𝜑 = √(𝐵𝐵4/𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄) (6) 
 
 

	 (6)

where: B4 = Band 4 (Red) of the Landsat 8 OLI 
image and Qmax is Maximum radiance 
value of the band 4 it is obtained from the 
attached MTL file of Landsat 8 images.

As indicated by Gavrilovic and Lazarevic 
(1985), the relationship between the calculated 
values and the severity of erosive processes is es-
tablished using the reference table (Table 1).

Slope coefficient (Ja)

Slope is one of the most critical factors in soil 
erosion as steeper slopes lead to faster runoff and 
stronger erosive forces, thereby increasing soil 

loss (Wischmeier and Smith, 1978). The slope 
map of the Iguerferouane watershed was derived 
from the 30 m resolution ASTER Global Digital 
Elevation Model (ASTGTM) (https://cmr.earth-
data.nasa.gov/search/concepts/C1711961296-
LPCLOUD.html), using the spatial analyst tool 
in ArcGIS 10.8, which was employed to calcu-
late the slope coefficient (Ja).

RESULTS 

Temperature

The temperature index T of the studied wa-
tershed (Figure 5) ranged from 1.25 to 2. Lower 
values were recorded at higher altitudes within 
the study area, while higher values were observed 
at lower elevations of the watershed.

Precipitation index

The results of precipitation index (Figure 6) in 
the study area show precipitation intensity vary-
ing between 300 mm and 480 mm, with a gradient 
that increases both with elevation and from the 
downstream to the upstream parts of the water-
shed. This pattern influences and enhances ero-
sion processes particularly in the upstream zones.

Figure 5. Map of temperature coefficient (T factor)

Table 1. Type of soil erosion based on (φ) (Gavrilović 
1988)

φ factor Coefficient of type and extent of erosion  φ

0.1–0.2 Slight erosion on the catchment

0.3–0.5 20–50% of the catchment area has erosion in 
rivers and streams

0.6–0.7 Erosion in rivers, gullies, and alluvial deposits, 
karstic erosion

0.8–0.9 50–80% of drainage basin is impacted by 
surface erosion and landslides

0.9–1.00 Erosion affects entire catchment
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Figure 6. Rainfall map (H factor)

Soil erosion sensitivity (Y)

As mentioned, the computation of the soil 
sensitivity coefficient (Y) requires the param-
eters M, a, b, and c. These outcomes are summa-
rized in Table 2 and illustrated in Figure 7, which 
show that most samples are classified as silt loam 
to silt. Organic matter is generally low (< 1.5%) 
with only a few samples reaching up to 2.8%. 
Structure and permeability codes are mainly 
between 3 and 4, reflecting weak structure and 
moderate to poor permeability.

The integration of these factors allowed cal-
culation of the soil sensitivity coefficient (Y) 
and the production of a spatial map of soil sen-
sitivity (Figure 8). The coefficient values range 
between 0.49 and 0.69, which indicates moder-
ate to high soil sensitivity to erosion across the 
Iguerferouane basin. 

Vegetation coefficient (Xa)

The vegetation coefficient results (Figure 
9) indicate that areas lacking vegetation exhibit 
high protection coefficient values (Xa), reflect-
ing insufficient soil protection. Conversely, 
vegetated zones display low Xa values, corre-
sponding to better soil protection. Xa values in 
the study area range from 0.32 to 0.82, with the 

lowest values found in densely vegetated zones 
and the highest in unvegetated areas such as 
badlands. Following EPM guidelines (Zorgan, 
1988), most of the study area falls within the 
0.6–0.8 class, characterized by degraded pas-
tures and cultivated lands. The next class, 0.4–
0.6, includes damaged forests, shrubs, and some 
pastures, while the 0.32–0.4 class corresponds 
to natural forests and riparian vegetation. The 
analysis reveals that the majority of the Iguer-
ferouane basin is sparsely and poorly vegetated, 
significantly reducing soil protection and there-
by increasing susceptibility to erosion.

Erosion type and extent coefficient (φ)

The results regarding the type and extent of 
water erosion (Figure 10) indicate coefficient val-
ues between 0.35 and 0.59. According to this in-
dex, a very high erosion risk is found in the north-
ern and northwestern parts of the basin, where 
vegetation is sparse or absent. In contrast, the 
southern sector, where vegetation cover is denser, 
shows lower erosion risk values. 

Based on Gavrilović’s classification (1988), 
the study area is mainly affected by two types of 
erosion: channel erosion, impacting 20–50% of 
the watershed, and gully and alluvial deposit ero-
sion within streams and ravines.
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Figure 7. Triangular diagram based on texture classification indicating: (a) the code of permeability, 
(b) the code of structure

Table 2. Results of soil analyses
Sample Clay (%) Silt (%) Fine sand (%) Organic matter (%) Texture S P

OS1 12.25 76.98 10.77 2.78 Silt loam 3 3

OS2 11.96 81.51 6.53 2.40 Silt loam 4 4

OS3 9.12 84.57 6.31 0.82 Silt 4 4

OS3’ 12.62 84.35 3.03 1.17 Silt loam 3 3

OS4 21.13 76.31 2.56 1.10 Silt loam 3 3

OS5 8.78 84.33 6.89 0.82 Silt 4 4

OS6 12.08 79.16 8.76 1.03 Silt loam 3 3

OS7 21.15 78.29 0.56 1.56 Silt loam 3 3

OS8 15.85 74.39 9.76 0.97 Silt loam 3 3

OS9 9.88 87.55 2.57 1.07 Silt 4 4

OS10 7.38 82.84 9.78 1.11 Silt 4 4

OS11 10.96 78.77 10.27 1.01 Silt loam 3 3

OS13 15.12 80.62 4.26 1.25 Silt loam 3 3

OS12 22.67 73.85 3.48 1.18 Silt loam 3 3

OS14 19.34 71.10 9.56 1.38 Silt loam 3 3

OS15 11.45 82.49 6.06 2.82 Silt 4 4

OS16 9.77 73.87 16.36 1.11 Silt loam 3 3

OS17 9.10 73.12 17.78 1.06 Silt loam 3 3

OS18 9.75 81.48 8.77 2.66 Silt 4 4

OS19 4.86 67.63 27.51 2.33 Silt loam 3 3

OS20 12.53 78.84 8.63 1.26 Silt loam 3 3

OS21 5.76 63.43 30.81 1.42 Silt loam 3 3

OS22 6.54 76.20 17.26 2.50 Silt loam 3 3

OS23 16.99 78.16 4.85 2.37 Silt loam 3 3

OS24 16.76 78.64 4.60 1.03 Silt loam 3 3
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Slope (Ja)

Slopes within the Iguerferouane basin 
gradually change from upstream to down-
stream (Figure 11). Flat to moderate slopes 

(0–15%) dominate most of the basin, espe-
cially in the northern, eastern, and western 
areas. Intermediate slopes (15–40%) appear 
in transitional zones, reflecting more rugged 
terrain. Steep to very steep slopes (40–238%) 

Figure 9. Map of the soil protection coefficient (Xa)

Figure 8. Map of soil sensitivity coefficient (Y)
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Figure 10. Map of type and extent of erosion coefficient

Figure 11. Map of topographic coefficient (Ja)
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Figure 12. Map of potential erosion coefficient (Z)

are concentrated in the central and southern 
parts of the basin, following mountain ridges 
and steep valleys.

Potential erosion coefficient (Z)

The erosion potential map (Z coefficient, Fig-
ure 12) was generated by combining data from the 
four main contributing factors: soil sensitivity to 
erosion, vegetation cover, current erosion patterns, 
and slope. The Z coefficient exhibits significant 
spatial variability. Areas with steep slopes, poor 
vegetation cover, highly erodible soils, and high 
erosion values correspond to the highest Z coef-
ficients, indicating a very high erosion risk. In con-
trast, areas with good vegetation cover (low Xa), 
gentle slopes, and erosion resistant soils show low 
Z values, suggesting reduced erosion potential.

Annual soil erosion estimation (W)

The application of the EPM model enabled 
the generation of a quantitative map of water ero-
sion (Figure 13) for the Iguerferouane watershed 
by integrating various erosion contributing fac-
tors. The estimated erosion rates range from 90 
m³/km²/year to a maximum of 40,000 m³/km²/
year. Significant water erosion is concentrated in 
the southernmost part of the basin (upstream) and 

in the Ouanina depression. Conversely, the lowest 
erosion rates are found in the northern sector and 
the northeastern edge of the watershed.

DISCUSSION

The application of the EPM model has en-
abled both qualitative and quantitative assessment 
of soil loss in the Iguerferouane watershed. The 
results (Figure 13) show considerable variation, 
ranging from 64 to 34000 m³/km²/year, with an 
average estimated loss of 5,312.36 m³/km²/year.

Analysis of the annual erosion map (m³/km²/
year) reveals a heterogeneous spatial distribution 
of soil loss. The most severely affected areas, 
covering 33.76% of the watershed, are primar-
ily located in the southern part of the basin, with 
some extension toward central zones. The inten-
sity of erosion in these regions is closely linked 
to the presence of steep slopes (40–267%) and 
high Xa values (0.81), indicating sparse or absent 
vegetation cover. This lack of vegetative protec-
tion exposes soils to the direct impact of rainfall, 
thereby promoting erosive processes.

Moreover, the heavier rainfall observed in the 
southern part of the basin (Figure 6) constitutes 
a major driver of runoff and sediment transport. 
Soils in these areas, predominantly sandy-loamy 



151

Ecological Engineering & Environmental Technology 2025, 26(10), 140–155

Figure 13. Map of annual soil loss in the Iguerferouane watershed

and low in organic matter, exhibit weak cohesion 
and are more prone to disintegration under the 
impact of precipitation, as indicated by the Y co-
efficient (0.51–0.65). However, the high vulner-
ability of these soils cannot be dissociated from 
their lithological context. The region is charac-
terized by geological formations dominated by 
schists, marls, sandstones, and siltstones, which 
are often friable, weathered, and poorly consoli-
dated factors that could have further enhanced 
susceptibility to erosion.

Moderately eroded areas, covering 22.51% 
of the basin, are mainly located in the central 
and eastern parts, surrounding the highly eroded 
zones. These areas are distinguished by gentler 
slopes and denser vegetation cover, which con-
tribute to reduced erosion.

The least affected zones, accounting for 
43.73% of the watershed, are situated in the north-
ern part of Iguerferouane watershed. Although 
generally lacking vegetation, these regions ex-
perience limited erosion due to lower rainfall 
and a relatively gentle topography, particularly 
in the downstream sections. This configuration 
favors sediment accumulation, as evidenced by 
the Quaternary and Pliocene geological forma-
tions. These deposits, visible on the geological 
map (Figure 1c), illustrate the progressive accu-
mulation of material over time and highlight the 

decisive role of topography in erosion and sedi-
mentation processes.

Analysis of the temperature coefficient T, 
which increases from upstream to downstream, 
reflects the influence of altitude on temperature: 
higher elevations experience lower temperatures, 
while temperatures increase as elevation de-
creases toward the basin outlet. The examination 
of this coefficient (Figure 5) provides further in-
sights into the erosion mechanisms in the region. 
An interesting observation is that although T is 
significantly higher in the lower part of the ba-
sin, erosion remains very limited there. This trend 
suggests that temperature alone has no direct 
impact on soil degradation unless it is coupled 
with steep slopes that enhance runoff and water 
erosion.

Overall, the findings indicate that the most 
severe soil degradation is primarily driven by a 
combination of factors accelerating erosion, espe-
cially the absence of vegetation cover. This con-
clusion is supported by several previous studies 
conducted in neighboring catchments, such as the 
Zat basin (Bouaida et al., 2023), and the Ourika 
basin (Ayt Ougougdal et al., 2020) localed to the 
east and the west of the studied area, respectively. 
Both studies confirm that erosion in these regions 
is mainly associated with climatic aggressive-
ness, rugged topography (steep slopes), sparse 
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vegetation, and the friable nature of the soils. 
These observations are also corroborated by Ziadi 
et al. (2023), who, using the PAP/RAC approach 
to model water erosion in the Tassaoute watershed 
(Central High Atlas), demonstrated that the most 
exposed areas are those combining loose terrain, 
steep slopes, and limited vegetation cover.

All the forementiened studies highlight the 
difficulty of attributing water erosion to a single 
factor. The results obtained in the Iguerferouane 
basin are consistent with this understanding, 
showing that erosion is particularly severe in ar-
eas with steep slopes, friable soils, degraded veg-
etation, and high precipitation. These findings are 
further supported by field evidence, where erosion 
features such as rills, gullies, and sediment depos-
its were observed in the most vulnerable parts of 
the basin (Figure 14). This confirms the relevance 
of the EPM model applied here to enhanced about 
undertating of soil erosion and its driving mecha-
nism in the Iguererouane watershed.

CONCLUSION

This study aimed to assess water erosion in the 
Iguerferouane watershed through an integrated 
approach combining field and laboratory analyses 
with GIS and remote sensing techniques. The ob-
tained results show that water erosion is influenced 

by a combination of climatic, topographical, and 
lithological factors. The lack of vegetation cover 
and steep slopes are key elements of soil degrada-
tion, particularly in the southern areas of the ba-
sin, where rainfall is higher. This study confirms 
that erosion in this region is mainly caused by a 
complex interaction between topography, veg-
etation, and geological characteristics. The EPM 
model is relevant for modeling this erosion and 
provides a better understanding of soil degrada-
tion dynamics at a regional scale. Appropriate soil 
management and adapted conservation strategies 
are necessary to mitigate the effects of erosion 
and preserve soil quality in this basin.
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Figure 14. Field photographs of the Iguerferouane watershed: (a) gully erosion, (b) rill and gully erosion, 
(c) incipient gully formation, (d) advanced gully incision, (e) gully network development on degraded slopes, 

and (f) combined sheet and rill erosion on exposed hillslopes
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