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INTRODUCTION

Soil is essential for the balance and preserva-
tion of terrestrial ecosystems. It is a natural heritage 
and a non-renewable resource on a human scale. 
However, it faces growing threats from natural and 
human activities that cause its degradation. Water 
erosion is one of the main factors contributing to 
soil degradation worldwide (Lammadalena, 2010, 
Paroissien et al., 2015, Borrelli et al., 2017).

According to the literature, over 10 million 
hectares of agricultural land are affected by soil 
erosion every year, with global losses estimated 

at around 43 Pg per year (Borrelli, et al., 2020). 
According to the FAO, 2015, these losses have an 
estimated economic impact of $1 billion.

In Morocco, erosion affects 40% of the na-
tional territory, with average annual soil losses 
ranging from 23 to 55 t/ha/year, and extreme val-
ues reaching up to 524 t/ha/year in certain areas 
(Acharki et al., 2022). A significant portion of 
these soil losses is deposited into reservoirs and 
dams, diminishing their retention capacity and 
lifespan. This phenomenon is driven by various 
factors, including the semi-arid climate, irregu-
lar rainfall, rugged or mountainous topography 
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covering 25% of the national territory, and litho-
logical characteristics that promote particle de-
tachment (El Garouani et al., 2010, KhaliIssa et 
al., 2016, El Mouatassime et al., 2019).

Various approaches and models have been de-
veloped to evaluate soil erosion caused by water. 
Some rely on surveys and fieldwork, which can 
be costly, while others are aimed at estimating 
soil loss or conducting qualitative assessments 
to identify erosion vulnerability. This variety of 
methods reflects the complexity of the phenom-
enon, the numerous contributing factors, and their 
variability over time and space.

Soil loss quantification models include the 
physical WEPP (Water Erosion Prediction Proj-
ect) model by Flanagan and Nearing (1995), the 
semi-empirical SWAT (Soil and Water Assessment 
Tools) model proposed by Arnold et al. (1998), and 
empirical models such as the USLE (Universal 
Soil Loss Equation) developed by Wischmeier and 
Smith (1978). The Gavrilovic Erosion Potential 
Model (EPM) and the Revised Universal Soil Loss 
Equation (RUSLE) are also widely used tools with 
universal applicability. The EPM model is particu-
larly effective for evaluating the extent of erosion 
while generating risk maps (Mosaid et al., 2022).

Meanwhile, the RUSLE model is highly pop-
ular due to its simplicity and robustness. It uses a 
standardized approach at the catchment scale, incor-
porating topographical, pedological, and climatic 
factors, along with data on land use and conserva-
tion practices. The revised version of RUSLE (Re-
nard et al., 1991) integrates significant improve-
ments based on thorough analyses and an enhanced 
understanding of erosion processes. These models 
rely on diverse input data, which often exhibit spa-
tial and temporal variability, making them versatile 
tools for assessing and managing soil erosion risks.

Most of these models now utilize geospatial 
technologies, valued for their ability to gather, 
analyze, and interpret spatial and temporal data 
essential for estimating soil erosion. In this con-
text, Geographic Information System (GIS) and 
remote sensing methods are integrated with vari-
ous erosion models to assess soil loss rates and 
identify high-risk areas, supporting sustainable 
land management and soil conservation efforts.

This study aims to develop a database to assess 
soil erosion risks in the Chichaoua basin using nu-
merical calculations of annual soil losses through 
the universal empirical models EPM and RUSLE. 
It also seeks to estimate the volume of sediments 
eroded and transported within the basin and its 

sub-basins, as well as their potential impact on the 
retention capacity of the future Boulaouane dam.

The results of this study could serve as valu-
able tools for basin managers to design effective 
soil and water conservation policies. Their sig-
nificance would be further enhanced if combined 
with methods based on field measurements, en-
suring the sustainability of future reservoirs.

STUDY AREA 

The Chichaoua basin is situated southwest of 
Marrakech city, between 8°40′0″ and 9°0′0″ and 
31°00′00″ and 31°40′00″ north latitude, furthest 
west within the Haouz Mejjate basin, bordered to 
the east by the Assif Al Mal basin, to the south 
by the High Atlas Mountains, to the north by the 
Tensift, and to the west by the Oulad Bousbaa 
Plain. Covering an area of 2696 km2, it is drained 
by the Oued Chichaoua, the primary waterway in 
the study area, along with its tributaries, the Oued 
Imintanout and the Oued Seksaoua. The Chicha-
oua sub-basin is an integral part of the hydraulic 
system of the Oued Tensift, which encompasses 
approximately ten sub-basins (Fig. 1). 

In terms of geology, the Chichaoua basin is 
bordered to the north by Triassic and Jurassic for-
mations, to the east by recent Pleistocene forma-
tions, to the west by tributaries of Cretaceous and 
Tertiary formations, and to the south by Cambrian 
formations (Fig. 2).

Morphologically, the Chichaoua basin is di-
vided into three distinct zones, the plain area, char-
acterized by an altitude below 800 meters, consti-
tutes a significant agricultural region, accounting 
for 54% of the total basin area (ABHT.2015), (Ten-
sift Hydraulic Basin Agency). Next is the pied-
mont area, with altitudes ranging between 800 and 
1500 meters. This region encompasses traditional 
AMH (small and medium hydraulic works) irriga-
tion systems, utilizing surface waters collected by 
seguias of the Chichaoua Oued. It represents 28% 
of the basin area. Finally, the mountainous area, 
with altitudes exceeding 1500 meters, serves as the 
feeding zone for the Chichaoua watercourse, cov-
ering 18% of the basin’s territory.

In terms of hydrology, the Chichaoua watershed 
is drained by the Oued Chichaoua, serving as the 
collector for the Oueds Ameznass, Imintanout, and 
Seksaoua, originating in the High Atlas (ABHT., 
2013). These three streams are often dry, and their 
flow is subject to seasonal rainfall variations (Hadri 
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Figure 1. Location maps of the study area (a) at Moroccan scale, (b) at Tensift watershed scale and 
(c) sub-watersheds of Chichaoua bassin

Figure 2. Geological map of the study area
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et al., 2021). Additionally, the watershed is equipped 
with a hydraulic structure, the Boulaouane dam, 
constructed on the Oued Sekssaoua at the upper 
sub-basin level (X = 176000, Y = 70000), with a 
capacity of 66 million cubic meters. This dam is uti-
lized for irrigating the hydro-agricultural perimeter 
in the Mejjat plain and downstream, as well as for 
supplying drinking water to the city of Chichaoua 
and its surrounding areas (PDAIRE, ABHT) (Inte-
grated Water Resource Management Steering Plan).

In terms of climate, the Chichaoua water-
shed is characterized by low and irregular pre-
cipitation, high temperatures, and high evapora-
tion rates, typical of arid and semi-arid climates. 
These conditions impose significant constraints 
on agriculture and the water and soil resources of 
the region. Precipitation gradually increases with 
altitude from north to south. It is sparse in the 
plain area (180 mm in Chichaoua) and becomes 
more abundant as one moves towards the moun-
tains (300 mm in Imintanout and over 450 mm 
at higher altitudes). The Chichaoua watershed is 
subdivided into three bioclimatic zones: the dry 
stage with cold winters covering the entire plain 
of the basin (54% of the total area), the semi-arid 
stage encompassing the foothill zone (28% of the 
basin), and the humid stage, which is less exten-
sive (18%), covering the mountain peaks.

MATERIAL AND METHODS

The methodology chosen for this research 
study is of paramount importance in under-
standing and evaluating soil degradation pro-
cesses through sediment detachment by water 
erosion. The main objective is to develop a 
robust and rigorous methodology to estimate 
these complex phenomena, considering the di-
verse variables that influence them. This sec-
tion thoroughly examines the various method-
ological steps and highlights the models, tools, 

techniques, and procedures used to achieve our 
research objectives (Table 1).

To establish maps of potential soil losses, two 
models are utilized: the RUSLE model based on 
Wischmeier’s 1978 equation and the EPM model 
by Gavrilovic from 1972. These maps are created 
inside a GIS framework to help compare the two 
models and anticipate the degree of prospective 
soil erosion upriver of the Boulaouane dam.

Furthermore, to estimate the lifespan of the 
Boulaouane dam, currently under construction in 
the study area, a relationship between the specific 
degradation of watersheds and the respective an-
nual siltation of dams in Morocco was established 
based on statistical analyses and data provided by 
the Hydraulic Basin Agency (Table 2). 

RUSLE

The development of the soil loss map, which 
offers an estimate of erosion in (t/h/year), is illus-
trated in the accompanying figure (Fig. 3), which 
depicts the progression of the various steps of the 
methodological approach of RUSLE.

Wischmeier and Smith 1978 revised the RU-
SLE equation. The goal was to forecast annual 
averages of soil loss over a long period of time. 
RUSLE is made simple to use by a modern com-
puter interface, and it makes use of physically 
relevant input variables that widely available in 
databases or can accessed via satellite pictures 
and DEM (Ganasri et al, 2015).

The original USLE’s structure remained in 
the RUSLE (Renard et al. 1991, 1994, 1996), but 
various changes were made to the parameters of 
the individual equations to account for newly 
discovered information, data, experiments, and 
conceptual interpretations of the previously re-
leased USLE article.

The RUSLE model is made up of five elements: 
soil erodibility factor (K-factor), rainfall erosivity 

Table 1. Data sources
Data Source Descriptions

Rainfall data ABHT (The Tensift Basin Hydraulic Agency) Spreadsheet file (average annual 
rainfall)

Soil type Soil map of central Morocco Scale 1/50000

Lithology Geological map of Morocco and Imintanout Scale 1/1000000, 1/50000,

TP www.eartheexplorer.com LDST 8 OLI image - Band 10

Digital elevation model www.earthexplorer.com ASTER DEM (30 m)

NDVI www.earthexplorer.com LDST 8 OLI
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Table 2. Dam used to illustrate how particular degradation and yearly packing are related (data provided by the 
Hydraulic Basin Agency, Morocco)

Pre-priority basin dams Surface (km²) Retention 
capacitymm3

Specific degradation 
(t/ha/year)

Degradation in 
(mt/ha)

Annual packaging
(mm3/year)

Hassan I 1670 254 26 4.34 2.9

Moulay Youssef 1441 175 27.06 3.90 2.6

Oued El Makhazine 1820 772 37.91 6.90 4.6

Idriss I 3680 1173 8.97 3.30 2.2

El Kansera 4540 265 4.63 2.10 1.4

Bine El Ouidane 6400 1300 11.72 7.50 5

Mansour Ed Dahbi 15000 505 4.7 7.05 4.7

Med Ben A Khattabi 780 43 25 1.95 1.3

Lalla Takerkoust 1707 68 4.39 0.75 0.5

Sidi M. B. Abdellah 9800 477 2.6 2.55 1.7

Youssef BenTachfine 3784 303 8.32 3.15 1.43

Aoulouz 4500 100 3.2 1.44 2.1

Al Massira 28500 2747 1.32 3.76 2.5

Hassan Eddakhil 4400 343 3.99 1.76 1.17

Ibn Batouta 178 36 47.19 0.84 0.56

Nakhla 107 6 42.06 0.45 0.3

Abdelmoumen 1300 213 2.65 0.34 0.23

Hachef 220 300 26.5 0.58 0.5

Melleh 1800 8 0 0.00 0.15

Figure 3. Flow chart of the RUSLE method

factor, (R-factor), slope length factor (LS factor), 
cover-management factor, and conservation practic-
es factor (P-factor) (Bouamrane et al., 2021). 

The utmost intricate component of the RU-
SLE, the LS-factor, is found by field quantities at 
the plot scale and is engendered from DEM at the 
watershed and regional sizes (Zhang et al., 2022).

The RUSLE was utilized in this research study to 
calculate the soil erosion modulus in the Chichaoua 
watershed. RUSLE formula is as follows:

	 A = R × K × LS × C × P	 (1) 

The K-factor (t/h/MJ−1/mm−1), R-factor (MJ 
mm/ha−1/h−1/year−1), LS support (or conservation) 



137

Ecological Engineering & Environmental Technology 2025, 26(3), 132–158

practice factor (P), and cover management factor 
(dimensionless) are all represented by this equation.

Rain erosion factor (R) 

Climate impacts erosion in two ways: by de-
taching (due to rainfall impact and surface, as 
described by the R factor (Roose et al., 1976). 
Equation 2 provides an analytical calculation of 
the parameter for a single storm. The estimation 
of Ri for a certain period i is obtained via adding 
the EI 30 harvests of all erosive storm events. The 
annual value of the index is calculated as the to-
tal of all Ri factors estimated throughout a year’s 
time interval (Wischmeier et Smith, 1978): 

	
𝐴𝐴 = 𝑅𝑅 × 𝐾𝐾 × 𝐿𝐿𝐿𝐿 × 𝐶𝐶 × 𝑃𝑃 (1)  
 𝑅𝑅 = 𝐸𝐸 × 𝐼𝐼30

1700 (2) 
 𝐸𝐸 = 1.213 + 0.89 log(I) (3) 
𝑅𝑅 = 0.0483 × 𝑃𝑃1.61 (4) 

𝑅𝑅 = 0.26 × 𝑀𝑀𝑀𝑀𝑀𝑀1.5 (5) 

 MFI =∑ pi × pi
pi

12

i=1
 (6) 

𝐾𝐾 = (2.1𝑀𝑀1.4.10−4(12−𝑀𝑀𝑀𝑀)+3.25 (𝑃𝑃−2)+2.5 (𝑆𝑆−3)
100  (7) 

𝑀𝑀 = (%𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿 + %𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠) × (100% 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐) (8) 
𝐿𝐿𝐿𝐿 = (0.4 + 1) × 

× (𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 ×  𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶
22.3 )

0.4
× (sin(𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆)

0.0896 )
1.3

 

(9) 
𝐶𝐶 = 0.1 × ((−𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 + 1)

2 ) (10) 
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where: R – climate forcefulness index in Mjmm/
ha/H/year, P – maximum 24-hour precipi-
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chmeier rainfall R in an indirect manner. 
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	 (6)

where:	Pi – represents less once-a-month rainfall 
in mm, while P – represents yearly rain-
fall in mm. R – values are synthesized 
from the specialized rainfall data at the 
scale of Chichaoua watershed.

Soil erodability factor (K)

The soil erodability can be approached in var-
ious ways, the simplest of which is the calcula-
tion of the soil by employing the triangle (Brown, 
2003) (Figure 2) and Stone and Hilborn corre-
spondence (Table 3). This approximate method is 
based on the development of a link between soil 
texture and K factor (Stone and Hilborn, 2000). 
However, it leverages the limitations imposed by 
the study area to its advantage.

The K factor was predictable by analyzing the 
mobile surface of each homogeneous unit and to 
limit the influence of other factors, the average of 
three to four K values for each lithological forma-
tion was taken. It is partial by the soil’s structure, 
texture, granulometry, organic matter content, and 
permeability (Table 3). The soil erodability factor 
(K) was calculated using the Wischmeier mono-
gram, along with data from the pediatric profiles of 
Sabir et al. (2002) and Mandimou (2002), as well 
as the soil types of Morocco. The erodability values 
vary from 0.2 (t/ha/ha-1/MJ-1/mm-1) on Calcaromag-
nisimorphe soils to 0.46 (th/ha/1MJ-1, mm -1), on 
soils with low erosion with inclusion of iron ses-
quioxide soils (Fathallah et al., 2021).
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	 (7)

where:	K  – represents soil erodability (tonnes/
ha); MO – the soil’s organic matter con-
tent; M – it’s the result of multiplying the 
primary particle fractions and is calculat-
ed as follws:
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	(8)

	 S – the structural code; estimates from the 
table established by Wischmeier (1978),

	 P – the permeability code estimates from the 
table established by Rawls and all (1982). 

Sixteen samples were collected and analyzed in 
the laboratory. The location of the samples is shown 
in Figure 4. The sampling and observation sites 
were selected based on the homogenous unit map, 
which integrates the geological, vegetation cover, 
and pedological maps. Each homogeneous unit 
was assigned the corresponding K value.

Topographic factor (LS)

According to Mahmood et al. (2023), the LS 
signifies the topographical influence on soil ero-
sion, taking into account both slope length and 
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Table 3. K-factor parameter estimation several soil types in Chichaoua watershed

Samples Type of lithofacies Soil type P
code

S
code

%
sand

%
loam

%
clay % M.O Texture K

TRIM Red pelite and 
sandstone RBS 5 1 5.5 65 29 0.5

silty
clay
loam

0.36

JUIM Dolomite limestone CMM-U 2 2 41.3 44.5 11 3.13 loam 0.2

CRFIM Calcary, dolomite, 
limestone, marly LEL 2 2 27.3 51.7 20 0.64 silt

loam 0.25

MIOIM Sandy clay, marls and 
conglomerates SLEE-SIS 2 2 30 20 55 0.8 clay

loam 0.25

EOIM Sandy clay, marls and 
conglomerates ISI-C 5 1 13.5 62.2 21.3 2

silty
clay
loam

0.3

CRSSK Sandy marl, limestone, 
phosphates ISI-CS 5 1 3.04 63.75 30 2.87

silte
clay
loam

0.3

QCH Recent alluvium-silt ISI-CS 6 2 25.3 55 18 1.4 silt
loam 0.46

ORSK Shale, sandstone shale LDE-RM 1 3 59.5 32.5 5 2.6 sandy
loam 0.28

Note: *Red-brown soil (RBS); Calcaromagnismorphic and underdeveloped (CMM-U); Little evolved and lithosol (LEL); 
Soils Little evolved erosion with inclusion of soils with iron sesquioxide (SLEE-SIS); Isohumic soils with inclusion of 
calsimagnisic soils (ISI-C); Isohumic soils with inclusion of calsimagnisic soils (ISI-CS); Soils little evolved erosion with 
inclusion of soils with iron sesquioxide (ISI-CS); Little development in erosions of raw minireux (LDE-RM) (Fig. 5).

Figure 4. Location of the samples
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steepness, which can amplify the properties of 
rainfall. The slope degree and flow accumula-
tion ascertained from the 12.5-meter resolution 
DEM (USGS Earth Explore) are included in the 
LS factor. Equation 9 (Moore et al., 1992), was 
used to determine the LS. 
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Cover management factor (C) 
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soils are taken by the coefficient C of the Wis-
chmeier formula (Wischmaier and Smith, 1981, 
Bou-imajjane et al., 2020). A land cover map 
must be created using information from satellite 
images (sentinel 12.5 m), and fieldwork to as-
sess the diverse vegetation cover units across the 
Chichaoua watershed.

Using red and near-infrared wavebands, the 
NDVI was extracted from Landsat-8 satellite 
pictures, and the C factor was computed using 
the equation that follows (Durigon et al., 2014):

	

𝐴𝐴 = 𝑅𝑅 × 𝐾𝐾 × 𝐿𝐿𝐿𝐿 × 𝐶𝐶 × 𝑃𝑃 (1)  
 𝑅𝑅 = 𝐸𝐸 × 𝐼𝐼30

1700 (2) 
 𝐸𝐸 = 1.213 + 0.89 log(I) (3) 
𝑅𝑅 = 0.0483 × 𝑃𝑃1.61 (4) 

𝑅𝑅 = 0.26 × 𝑀𝑀𝑀𝑀𝑀𝑀1.5 (5) 

 MFI =∑ pi × pi
pi

12

i=1
 (6) 

𝐾𝐾 = (2.1𝑀𝑀1.4.10−4(12−𝑀𝑀𝑀𝑀)+3.25 (𝑃𝑃−2)+2.5 (𝑆𝑆−3)
100  (7) 

𝑀𝑀 = (%𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿 + %𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠) × (100% 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐) (8) 
𝐿𝐿𝐿𝐿 = (0.4 + 1) × 

× (𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 ×  𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶
22.3 )

0.4
× (sin(𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆)

0.0896 )
1.3

 

(9) 
𝐶𝐶 = 0.1 × ((−𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 + 1)

2 ) (10) 

𝑊𝑊 = 𝜋𝜋 × 𝑇𝑇 × 𝐻𝐻 × √𝑍𝑍3 × 𝐹𝐹 (11) 
𝑇𝑇 = (0.1 × 𝑡𝑡0 ) + 0.1 (12) 
𝑍𝑍 = 𝑋𝑋𝑎𝑎 × 𝑌𝑌 × (𝜙𝜙 + √𝐽𝐽𝑎𝑎) (13)  
𝑋𝑋𝑋𝑋 = 𝑋𝑋𝑋𝑋𝑋𝑋𝑋𝑋𝑋𝑋𝑋𝑋 − 0.61) × (−1.15) (14) 
Φ = √𝑅𝑅

Qmax (15) 

𝑆𝑆𝑆𝑆𝑆𝑆 = 10 × (𝑅𝑅
𝐿𝐿) (16) 

𝐴𝐴𝐴𝐴 = 𝑆𝑆𝑆𝑆𝑆𝑆 × 𝐴𝐴 (17)  
𝐴𝐴𝐴𝐴 = 𝑆𝑆𝑆𝑆𝑆𝑆 × 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 = 8% × 𝐴𝐴 (18) 
𝑡𝑡 = 𝑅𝑅√𝑛𝑛−2

√1−𝑅𝑅2  (19) 

𝑡𝑡 =  0.9797.√18
√0.0401 ≈ 20.78 (20) 

𝑌𝑌 = 1.495𝑋𝑋 − 0.048 (21) 
𝐹𝐹 =  𝑅𝑅2

1−𝑅𝑅2 × 𝑛𝑛−2
1  (22) 

𝐹𝐹 =  0.9599
0.0401 × 18 ≈ 431.1 (23) 

 

	 (10)

Support practice factor (P) 

The outcome of maintenance efforts is repre-
sented by the cultural practice factor P. Crops grown 
on level curves, alternating terraces or strips, ban-
quet reforestation, buttering, and bullshitting are 
the best methods for conserving soil (Salma et al., 
2023). Land that doesn’t apply any of the aforemen-
tioned practices is given a value of 1 (Shin, 2008).

The estimation of this element is predicated 
on the correlation between agricultural techniques 
and slope (Table 4) (Bou and Belfoul, 2020). It 
varies based on the modifications that are done. 
(El Hafid et al., 2017).

Erosion potential model (EPM)

The process of developing the soil loss map, 
which provides an estimate of erosion in (m³/
km²/year), is shown in the accompanying Fig-
ure  6, which illustrates the progression of the 

Figure 5. The soil texture triangle (USDA division, 108(2), 166–171)

Table 4. Value of the factor associated with anti-
erosive practices affording to the slope (Shin, 1999)

Slope (%) P

0.0–7.0 0.55

7.0–11.3 0.60

11.3–17.6 0.80

26.8 0.90

> 26.8 1.00
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different steps of the methodological approach 
of the EPM model of Gavrilovic and Smith.

EPM, developed by Gavrilovic (1972), is 
conditioned estimate probable annual soil loss-
es and assess the spatial vulnerability to erosion. 
This model incorporates four key factors: litho-
logical, topographical, climatic (AP and Ts), and 
anthropogenic factors, primarily land use and 
land cover. The potential soil loss values (W) are 
expressed in m³/km²/year and are calculated us-
ing the following equations:
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	 (11)

where:	W is the average annual sediment produc-
tion (m3/km2/year); W – mean annual soil 
erosion (m3/km2/year); T – annual tem-
perature coefficient (°C), calculated from 
Landsat 8 using the following equations:
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	 (12)

where:	 t0 – average annual temperature in °C; 
H – mean annual precipitation (mm), de-
rived from the interpolation of TRMM pre-
cipitation data; F – catchment area in km2; 
Z – coefficient of potential erosion. 

According to (Hssaine, 2014). the erosion co-
efficient (Z) represents the power of erosion pro-
cesses. is computed by means of Equation 13.
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where: Xa – LU coefficient; Φ – measures the ob-
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Figure 6. Methodological approach of EPM method

Table 5. Values of the Xa coefficient’s EPM coefficient 
(Gavrilovic, 1972; Lazarevic]
Coefficient of soil cover Xa factor

Mixed and dense forest, thin forest with grove 0.05–0.20
Coniferous forest with little grove, scarce, 
bushes, bushy prairie 0.20–0.40

Damaged forest and bushes, pasture 0.40–0.60

Damaged pasture and cultivated land 0.60–0.80

Areas without vegetal cover 0.80–1.00
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The EPM guide’s table (Gavrilovic, 1972; 
Lazarevic, 1985) is then used to calculate the Xa 
value. It results in five classes of Xa coefficients 
(Table 5). The classes range from 0.1 for highly 
densely covered areas in flora to 1 for badlands. 

Average slope of the study area (Ja)

The slope’s degree of inclination affects the 
extent of erosion. Numerous research has prov-
en this. (Chaaouan et al., 2022). A rise in slope 
amplifies runoff, making it more prone to erosion 
and more energetic than rainfall (Jain et al., 2010; 
Mohammed et al., 2020).

The topography-derived slope inclination is 
thought to be the primary component that increas-
es soil sensitivity when rainfall occurs. Growing 
slopes cause the flow velocity to rise, which in-
fluences the creation and movement of more sed-
iment into the watershed (ROOSE., 1994). The 
DEM (digital elevation model) was used. 

Coefficient of type and extent of erosion (φ)

The φ factor reflects the degree of severity of 
the erosive processes occurring in a given area. This 
coefficient is calculated according to Equation 15.

The φ factor represents the intensity of erosive 
processes occurring in a specific area. This coeffi-
cient is determined using the following Equation 15. 
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In this context, R represents the B4 when us-
ing Landsat 8 images. Qmax is the value gotten from 
the associated MTL file of the Landsat8 (quanti-
zee_cal_max_band_4=65.585).The φ coefficient 
values range from 0.1 to 1. Affording to Gavrilovic 
and Lazarevic, a reference Table 6 is provided to 
establish the relationship among the calculated val-
ues and the severity of erosive processes.

RESULTS AND DISCUSSION

Given its permanent harm to soil and water 
supplies, soil degradation is considered a problem 
that affects both people and property. Additionally, 
by identifying regions susceptible to soil erosion a 
crucial first step toward sustainable management 
– the identification of sub-basin’s like naturally oc-
curring units About soil loss research helps super-
visors put management of soil erosion approaches 
into practice.

According to the several field missions, the 
catchment region of Chichaoua exhibits four dif-
ferent forms of erosion. These areas, which are pri-
marily located in the basin area’s south-east south-
west regions and, are characterized by a strong 
slope and friable materials that have been stripped 
of vegetation. In this area of the basin, gullies are 
frequently eroded; they are mostly found in tertia-
ry deposits, clays, and friable Neogene phosphate 
marl. The remainder of the study region has little 
erosion. These are mostly composed of outcrops 
of rock that are extremely able to tolerate erosion; 
they also contain plain area having a very slight 
incline and terrain that is shielded by a sizable 
amount of vegetation. These regions, which are a 
significant component of the Hercynian basement, 
are mostly composed of Quaternary-aged detrital 
rocks and primary-aged (Cambro-Ordovician) vol-
canic matrix, schists, graywackes, and limestone 
bars. In this area of the Chichaoua watershed, sheet 
erosion and debris floods are frequent occurrences 
(Baiddah et al. 2023) (Fig. 7).

Implementation of RUSLE model

Loss of soil estimates within the basin of Chicha-
oua were derived utilizing the RUSLE model. Us-
ing a System of Geographic Information (GIS), 
the model’s various parameters were estimated and 
mapped. The basin’s erosion risk map is the out-
come of these several elements interacting (Fig. 8).

Table 6. φ coefficient [Gavrilovic, Lazarevic]
Coefficient of type and extent of erosion φ φ factor

Slight erosion on the catchment 0.10–0.20

20–50% of the catchment area has erosion in rivers and streams 0.30–0.50

Erosion in rivers, gullies, and alluvial deposits, karstic erosion 0.60–0.70

50–80% of drainage basin is impacted by surface erosion and landslides 0.80–0.90

Erosion affects entire catchment 0.90–1.00
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Figure 7. Different form of soil degradation noticed in the basin of Chichaoua: 
a) Gully erosion; b) Badland; 

Figure 8. RUSLE model conditioning factors: a) R factor; b) K factor; c) LS factor; d) C factor and e) P factor

Rain erosion factor (R)

The R-factor’s spatial distribution across the 
watershed was displayed in the erosivity map 
(Fig. 8a). The R factor’s values fall within a 

variety of 15 to 115 MJ·mm/ha/h an both down-
stream and upstream areas within the watershed 
have modest to moderate values. In contrast, 
at the level of the basin is high to very high val-
ues, and from the northwestern part of the basin 
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to the southeastern, rain aggression increases. 
The Chichaoua watershed is exposed to high 
levels of climate aggression in 55% of cases, as 
indicated through such a value of R surpassing 
50 MJ mm/ha/h/an. Therefore, it may be con-
cluded that rainfall’s erosive strength signifi-
cantly affects this area.

Soil erodability factor (K)

Three soil classes are identified by the com-
puted K erodability index values, which range 
from 0.2 to 0.46 (Table 7) on soils of calcaro-
magnisimorphe and less developed.

Some surfaces show a large amount of rough 
elements that slow down erosion by intercepting 
rain drops and reducing the flow speed. For ex-
ample, in the case of soils little evolved erosion 
with inclusion of soils with iron sesquioxide and 
little evolved and Lithosol (Table 3).

Upon assigning a K erodibility value to each 
soil type, the various soils are classified, and it is 
found that over half of the soils (59%) have mod-
erate erodibility (0.20–0.30). Vertisols are the least 
common in the area, with just 6% of the total, and 
they have a low erodibility (> 0.2), 34, 63% of the 
studied area is made up of certain highly erodible 
undeveloped soils (0.30–0.46) (Table 7)

The most erodible terrains are found in the 
downstream section (the basin’s extreme north) 
and the southeast section among the sloping 
watershed, which is home to the Quaternary 
and triasic erosion-prone covering, according 
to the erodibility map (Fig. 8b). The soils that 
make up the great bulk of the pool’s region in 
the center and southwest regions of the water-
shed, known as the Calcimagnisique type, have 
a low to medium erodibility coefficient. Soils 

and soils with minimal erosion, somewhat low 
amounts of organic matter and raw minerals 
present in coarse sands.

Given that over 50% of the basin has a K in-
dex of erosion between 0.20 and 0.30, the soils 
in the basin are moderately vulnerable to erosion.

Topographic factor (LS)

Five classes have been created from LS val-
ues, which range from 0.05 to 45 (Fig. 8c). In the 
erosion process, the length of the slope and incli-
nation are critical factors. 

In the approaching affluent regions of the 
Chichaoua Watershed, LS values are quite high. 
62.32% of the basin area is represented by the LS 
index that is deemed low, which is between 0 and 
5 (Table 8). This is consistent with plains regions, 
riverbed areas, and low-altitude areas. Because 
of this, there is a significant chance of erosion 
throughout the basin from top to bottom. These 
findings align with the findings of other authors 
in different basins (Yjjou et al. 2012; Yjjou et al., 
2014; Markhi et al., 2015). Research indicates that 
the rate due to erosion escalates greatly with slope 
angle, with a mean exposure of 1.4 (Elboukaou 
et al., 2005). Similar to this, it has been observed 
whenever the slope increases, the kinetic energy 
of the rain stays steady as the runoff’s energy ki-
netics increase, causing the transport to accelerate 
downward (Ibrahimi et al., 2005).

Plant cover factor (C)

The coverage and level of vegetation cover 
are represented by the C factor. The high south-
west and the southeast area of the Chichaoua ba-
sin are primarily covered through low-vegetation 

Table 7. Pedological units of the research region and associated K values
Soil erodability class (K) Vertisols soil type Area (ha) Area (%)

Low < 0.2 Vertisols 16140.31 6.37

Moderate (0.20–0.30) Calcimagnesians, raw minerals, fersiallitic, isohumic 
and less developed 149272 59

High (0.30–0.46) less developed 87777 34.63

Table 8. Class of slopes and corresponding surfaces
Slopes Class (%) Area (ha) Area (%)

Low
Moderate

High
Very high

0–5%
5–15%
15–20%
20–45%

157799,6
62586.6
20172,5
12628,51

62.32
24.72
7.97

5
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soil occupations, which are the region’s most 
susceptible to erosion, according to the coverage 
index’s geographical distribution map (Fig. 8d).

The findings indicate that while about 90% 
of the basin’s surface has an average to minimal 
rate of plant cover, 5% of the area has a rate of 
dense plant cover that is well protected with C 
< 0.5 (Table 9). Asylum voids, clear forests, de-
graded roads, and farmed land that is thought to 
be extremely susceptible to erosion are examples 
of areas with weak vegetation coverage. In (Me-
liho et al., 2016). Dense forests, dense meadows, 
and timber cultivation have values less than 0.5. 
Clear seed and clear matorrals, as well as low 
density woods, are found in locations with values 
between 0.5 and 0.9. Bare soils and harvested ce-
real fields are associated with values that incline 
towards 1. Water-susceptible areas are those with 
low plant coverage (C factor greater than 0.5). 

Factor of anti-erosive practices P

Effective soil conservation strategies include 
cultural methods including buttering, billowing, 

alternating-band or terrace crops, and level-
curved harvesting.

P factor values are either one or less than one. 
Land devoid of anti-erosive measures has a rating 
of 1. The slope and the technique of agriculture 
or management of erosion that is employed both 
affect the P factor.

It should be mentioned that slope was used 
in this study to obtain the P factor values (Shin, 
1999). Low to moderately sloping areas are repre-
sented by medium and low values. P factor values 
range from 0.2 to 0.25 for places with low slopes 
and ranging from 0.25 to 1 for regions involving 
steep slopes. For 43% of the basin’s surface, the 
value of P equals 1 (Fig. 8e). 

Soil loss assessment

Climate aggression is one of the parameters 
(R) in the RUSLE model, soil erodibility (K), 
Plant Cover (C), LS, or topographic factor, and 
anti-erosive methods combine to produce soil 
losses. The soil loss map at any place in the spill 

Table 9. The values of the C factor by soil occupation type
Types of soil occupation C factor Area (ha) Area (%)

Forest
Feed forests
Arboriculture

Naked land, naked landscape

0.04
0.18
0.28

1

13195.71
133377.84
100579.23
5677.29

5.22
52.75
39.78
2.24

Figure 9. Map of land losses in the Chichaoua basin
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basin can be obtained by combining maps of this 
important variables in a GIS setting (Fig. 9). 

Synthetic index produced through multiplica-
tion has a mean of 10,03 t/he/year and the range 
from 0 to 280 t/ha/year (Fig. 9a). Five value classes 
were created out of the basin’s soil losses (t/ha/year) 
(Fig. 9b and Table 10). Less than 10 t/ha of land 
is lost annually in the first class of locations. It 
mostly encompasses the regions upstream and 
in the middle of the watershed, making up 73% 
within the basin’s total region (Fig. 10).

The second category includes regions where 
land loss occurs at a rate of 10 to 30 t/ha annual-
ly. 13% of the basin’s total area is made up of it. 
The third class includes regions where land loss 
occurs at a rate of 30 to 50 t/ha annually. 8% of 
the basin’s total area is made up of it. Areas that 
lose more than 1000 t/ha annually are included 
in the fourth class. It makes up only 4 percent 
of the watershed’s surface. Areas losing more 
than 100 t/ha annually are included in the fifth 
class. Merely 0.7% of the watershed’s surface is 
comprised of it. The last two classifications are 
associated with regions that are often found near 
the top of the watershed and are mountainous or 
have weak substrate.

For instance, the watershed’s surface erosion 
rate exceeds 50 t/ha annually on 6% of its surface. 

This indicates an extremely high rate of erosion 
that pedogenesis is unable to counteract. These 
regions, which can be found in the spill basin’s 
southeast and southwest, have fragile materials, 
are devoid of flora, and have harsh terrain (60°). 
Near the groves, where there is flat land with an 
extremely low incline (5° to 7°) and the density 
of plants on irrigated land that penetrates in the 
ground, giving it a high level of erosion resis-
tance, are the main locations of the low losses, 
which fall less than the ability to tolerate thresh-
old (<7 t/ha/year) and impact 73% among the 
spilling basin’s surface area.

Most of the southeast region is extremely vul-
nerable to erosion, especially the region closes to 
where the future Boulaouane dam will be retained 
(Fig. 14c). A significant amount of Sediment is 
produced due to this extreme erosion exposure, 
which directly contributes to the packing risk. 
The fact that the eroded sediments only deposit 
inside the dam indicates how close this location 
is to the dam, which further adds to the packing.

Implementation of EPM model

Combined with water erosion parameters, 
such as soil sensitivity, protection, temperature, 
precipitation, erosion kinds, and slopes (Fig. 11) 

Table 10. Chichaoua Basin soil loss distribution 
Erosion Pertes en sol (t/ha/an) S Area (ha) Area (%)

Very Low erosion
Low erosion

Moderate erosion
High erosion

Very high erosion

0–10
10–30
30–50
50–90
90–280

184010.22
33593.70
20126.85
11662.88
1421.15

73.36
13.4
8.02
4.65
0.56

Figure 10. RUSLE classifications of erosion in the Chichaoua watershed
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forms the basis of the EPM model. Gavrilo-
va’s equations are used to quantify soil losses 
(Gavrilović, 1972).

GIS software will be used for the modeling 
of these parameters. We plan to create a map 
that illustrates the location and impact of ev-
ery component in the Chichaoua basin. When 
combined, they will yield an estimate of the 
area’s potential for erosion. The following six 
variables are multiplied by erosion in the equa-
tion: temperatures, precipitation, slopes, types 
of erosion, soil protection, and soil susceptibil-
ity (Zahnoun et al., 2019).

Slope (Ja) 

Erosion is influenced by the incline of the ter-
rain in the Chichaoua basin. Numerous research 
has proven this (Salma et al., 2023). Lands with 
low slopes (6%), those with moderate slopes 
(17%), and those with high and influencing slopes 
(78%), are often distributed differently (Fig. 11a).

Soil sensitivity (Y) 

The K component in Rusle’s equation is 
comparable to the soil sensitivity coefficient 

(Y). Information about soil permeability, struc-
ture, and organic matter are also needed. Most 
of the land in the Chichaoua basin is susceptible 
to soil erosion at a low to medium level, accord-
ing to the soil sensitivity map (Fig. 11b). This is 
entirely consistent with the land occupancy data, 
which indicates that the vast part of the water-
shed is made up of bare, rocky terrain, which 
promotes erosion. 

Temperature coefficient (T) 

The primary factors influencing soil condi-
tions on a wide scale are temperature, solar radia-
tion, and climate (Mosaid et al., 2022).

When calculating the mean annual temper-
ature (T), the operational land imager (OLI) of 
Landsat 8’s thermal band 10 is used to measure 
the temperature of the cloudless surface, clear 
images from satellites. From 2000 to 2020, this 
process is run on every picture band for every 
month. The yearly average temperature in the 
basin of Chichaoua is found to be generally 
between 1.39 °C and 1.92 °C when the equa-
tion (0.1 × temperature) + 0.1) is applied. This 
distribution will be seen by creating the map 
(Fig. 11c).

Figure 11. The conditioning elements of the EPM model: a) Ja factor, b) Y factor; c) T factor; d) H factor; 
e) Xa factor; f) Phi factor; and g) Z factor
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Mean annual precipitation (H) 

The primary cause of soil erosion is precipi-
tation. Their significance extends to the evalu-
ation of water resources. The challenge facing 
the Chichaoua basin is addressed in this yearly 
assessment, which stems from the absence of 
evenly spaced rain stations on the basin’s surface. 
Because of this, estimating the dispersion of pre-
cipitation in space from the closest rain stations 
towards the basin is challenging. 

To reduce this issue, we have considered the 
current correlation between yearly precipitation 
and altitude to estimate precipitation in areas 
where stations do not exist.

The map derived from this correlation (Fig. 
11d) indicates that The south receives the most 
rainfall each year, in the upper region of the roll-
ing basin, or around 396 mm, while the lowest 
amount occurs in the northern part of the spill-
ing watershed, at the departing area’s level, with 
a 110 mm yearly value. 

In general, we can state that the bulk of the 
basin has high rains, with little variation in rain-
fall. It’s crucial to remember, though, that precipi-
tation is one of the factors in this study that raises 
the danger of erosion. Elevated precipitation re-
gions are generally more vulnerable to erosion, 
and vice versa.

Soil protection coefficient (Xa) 

Due to its effect on evapotranspiration and in-
filtration, the soil protection coefficient (Xa) regu-
lates the runoff process (Zahnoun et al., 2020). As 
a result, it is connected to the plant that gives the 
soil some support. According to its occupation, the 
accompanying table (Table 11) displays the level 
of soil preservation in the watershed of Chichaoua.

The Chichaoua basin’s vegetation distribu-
tion is diverse. The amount of plant cover and the 
soil protection coefficient change simultaneously 
(Fig. 11e). In contrast to regions with abundant 
vegetation, damaged pasture and farmed land 
make up a large portion of the basin and typically 
provide less ground protection. It offers robust 
protection for the soil.

The table and figure demonstrated how Xa 
values range from 0.2 to 1. Minimal values (0–
0.4) are observed close to the wadi, indicating the 
precise locations of dense vegetation. We typi-
cally identify high values between 0.6 and 1 in 
cultivated land, ruined pasture, and areas devoid 
of vegetation, where protection is lacking.

Coefficient of the erosive state (Φ) 

The degree of erosion and the process that 
caused it are represented by the erosion coefficient 
Φ, which indicates the erosive state of the basin. 
Usually, it has a value of 0.1 to 1. It was possible 
to create a categorization (Table 12) that illustrates 
the level of dominating erosion for each zone by 
using field data collection and a basic preliminary 
analysis of the Chichaoua basin (Fig. 11f).

Estimation of erosion in the watershed of the 
Chichaoua basin

The combination of the contributing param-
eters obtained above will allow us to first calcu-
late the erosion coefficient Z (Fig. 11g) and then 
to estimate the annual soil losses per unit of m3 per 
km2 per year. The result is subsequently converted 
to t/ha/year so that we can compare it to the Rusle 
model’s outcomes. Conversion is done by turn-
ing kilometers to hectares and also by multiplying 
the results by the means of the densities attribut-
ed to the materials constituting the soil (t/m3). To 

Table 11. Soil protection values according to its occupation
Land use Soil protection Xa Area (ha) Area(%)

Groveless coniferous forest with sparse bushes and a bushy prairie
Destroyed bushes, pasture, and forest
Damaged agricultural land and pasture
Area without vegetal cover

0.2–0.4
0.4–0.6
0.6–0.8
0.8–1

446.85
33676.74
218725.56

0.36

0.17
13.31
86.50

0.00014

Table 12. Erosion state coefficient
Type of erosion Coefficient of the erosive state (Ѱ) Area (ha) Area (%)

Low and stream erosion
Advanced River erosion, Alluvial deposits and ravines
landslides and surface erosion

0.2–0.4
0.4–0.6
0.6–0.8

3730.95
247221.9
1896.66

1.47
97.77
0.75



148

Ecological Engineering & Environmental Technology 2025, 26(3), 132–158

calculate Z, we will use data on soil sensitivity, 
slope, soil protection (Xa), erosive state (Φ) ac-
cording to the Equation 13.

Soil loss estimation according to Gavrilovic’s 
EPM model

According to Gavrilovic’s model, the numerous 
parameters influencing the erosion potential add up 
to an estimate of the volume of loose soil at each 
catchment area point. Using this methodology, the 
quantification of erosion within the basin of Chicha-
oua led to light the forms and intensity of erosion 
resulting from the physical, hydrological, meteoro-
logical, and topographical aspects of the river ba-
sin, Additionally, the yearly transport and sediment 
yield. As a result, erosion-prone locations were 
found. The findings demonstrated that the basin is 
subject to both mild and severe erosion processes, 
making it possible to identify regions with a higher 
potential for erosion and others with a lesser poten-
tial. This variation can be explained by the separation 
of elements that govern the natural phenomenon’s 

intensity. An estimate of the total average is 27.53 t/
ha/year. The annual losses are as follows: 0.13 t/ha 
at the minimum and 290.21 t/ha at the maximum. 
To mitigate the consequences and repercussions due 
to erosion, we might therefore allocate regions with 
a large yearly output of sediment to regions with a 
high risk of erosion. Erosion is essentially declining 
in this area in contrast to other regions where the 
yearly generation of sediment is still minimal. The 
higher soil loss rate in the area can be accounted for 
by an overestimation of the sediment yields from all 
forms of erosion (Fig. 12a)

The Southeast portion of the watershed, close 
to the Boulaouane dam, accounts for 16% of the 
watershed’s high and extremely high land losses, 
which exceed 80 t/ha/year. It suggests that the 
phenomenon is spreading slightly. 18% of the en-
tire study area has losses which vary between 30 
and 50 t/ha/year., in contrast, most of the studied 
area (66%) is covered by the low to very low in-
tensity class (less than 30 t/ha/year in soil loss-
es), that is concentrated in the basin’s north and 
south-central regions. With the objective to lessen 

Figure 12. EPM map of land losse classes (t/h/year) in the Chichaoua watershed

Table 13. Degrees of erosion on the Chichaoua basin’s surfaces
Erosion Classes of the annual eroded soil (t/ha/year) Area (ha) Area (%)

Very low erosion
Low erosion

Moderate erosion
High erosion

Very high erosion

0–15
15–30
30–50
50–80
80–290

83270.43
82678.32
45014.58
34570.89
7287.48

32.94
32.70
17.80
13.67
2.88
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erosion’s repercussions and impacts, we might 
therefore allocate regions with a large yearly 
output of sediment to regions with a significant 
probability of erosion. Conversely, to other areas 
where the yearly generation of sediment is still 
limited, erosion is essentially on the decline. 

The influence of numerous man-made and 
natural factors that control the erosive dynamics 
causes the erosion rate to differ between the wa-
tershed’s several sections. Five classes are creat-
ed from these units (Fig. 12b and Table 13) for the 
purpose of improving map readability, (16%) of 
the watershed area, which is situated in the south-
west of the watershed close to the Boulaouane 
dam, is responsible for the high and extremely 
high land losses above 80 t/ha/year (Fig. 14d).

It suggests a slight spread of the phenomenon. 
The vast part among the research region (66%) is 
covered in the low to very low intensity class (less 
than 30 t/ha/year) (Fig. 13) that is concentrated in 
the basin’s north and south-central regions. Ad-
ditionally, 18% of the entire area under investiga-
tion has losses ranging from 30 to 50 t/ha/year. 
Consequently, we can allocate regions with sig-
nificant yearly sediment production to regions at 
high risk of erosion, which undoubtedly calls for 
better management to lessen the effects and reper-
cussions of erosion. In contrast to other regions 
where the yearly generation of sediment is still 
limited, erosion is essentially on the decline.

Figure 13. EPM Area classifications of the Chichaoua basin’s soil loss

Figure 14. RUSLE and EPM maps of land loss classes (t/h/year) upstream the Boulaouane dam 
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Packaging rate and output of new dam sediment

The quantity of sediment actually released by 
the spilling watershed considered the sediment 
production (Vanoni, 1975). According to the most 
widely used calculation, the sedimentation ratio 
is the proportion of a basin’s annual soil loss to its 
sediment production.

Sediment yield divided by soil loss is the sed-
iment delivery ratio (SDR) due to water erosion.

Many research has attempted to model this 
relationship with different factors: drainage den-
sity, land use, topography, while other researchers 
consider climate to be the dominant factor (Wall-
ing, 1996; Williams, 1977; Vanoni, 1975). Typi-
cally, these models are only applicable under the 
conditions in which they were developed.

This study is based on the formula of Hession 
and Shanholtz (1988), which is expressed by the 
following relationship:

	

𝐴𝐴 = 𝑅𝑅 × 𝐾𝐾 × 𝐿𝐿𝐿𝐿 × 𝐶𝐶 × 𝑃𝑃 (1)  
 𝑅𝑅 = 𝐸𝐸 × 𝐼𝐼30

1700 (2) 
 𝐸𝐸 = 1.213 + 0.89 log(I) (3) 
𝑅𝑅 = 0.0483 × 𝑃𝑃1.61 (4) 

𝑅𝑅 = 0.26 × 𝑀𝑀𝑀𝑀𝑀𝑀1.5 (5) 

 MFI =∑ pi × pi
pi

12

i=1
 (6) 

𝐾𝐾 = (2.1𝑀𝑀1.4.10−4(12−𝑀𝑀𝑀𝑀)+3.25 (𝑃𝑃−2)+2.5 (𝑆𝑆−3)
100  (7) 

𝑀𝑀 = (%𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿 + %𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠) × (100% 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐) (8) 
𝐿𝐿𝐿𝐿 = (0.4 + 1) × 

× (𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 ×  𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶
22.3 )

0.4
× (sin(𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆)

0.0896 )
1.3

 

(9) 
𝐶𝐶 = 0.1 × ((−𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 + 1)

2 ) (10) 

𝑊𝑊 = 𝜋𝜋 × 𝑇𝑇 × 𝐻𝐻 × √𝑍𝑍3 × 𝐹𝐹 (11) 
𝑇𝑇 = (0.1 × 𝑡𝑡0 ) + 0.1 (12) 
𝑍𝑍 = 𝑋𝑋𝑎𝑎 × 𝑌𝑌 × (𝜙𝜙 + √𝐽𝐽𝑎𝑎) (13)  
𝑋𝑋𝑋𝑋 = 𝑋𝑋𝑋𝑋𝑋𝑋𝑋𝑋𝑋𝑋𝑋𝑋 − 0.61) × (−1.15) (14) 
Φ = √𝑅𝑅

Qmax (15) 

𝑆𝑆𝑆𝑆𝑆𝑆 = 10 × (𝑅𝑅
𝐿𝐿) (16) 

𝐴𝐴𝐴𝐴 = 𝑆𝑆𝑆𝑆𝑆𝑆 × 𝐴𝐴 (17)  
𝐴𝐴𝐴𝐴 = 𝑆𝑆𝑆𝑆𝑆𝑆 × 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 = 8% × 𝐴𝐴 (18) 
𝑡𝑡 = 𝑅𝑅√𝑛𝑛−2

√1−𝑅𝑅2  (19) 

𝑡𝑡 =  0.9797.√18
√0.0401 ≈ 20.78 (20) 

𝑌𝑌 = 1.495𝑋𝑋 − 0.048 (21) 
𝐹𝐹 =  𝑅𝑅2

1−𝑅𝑅2 × 𝑛𝑛−2
1  (22) 

𝐹𝐹 =  0.9599
0.0401 × 18 ≈ 431.1 (23) 

 

	 (16)

where:	R –is the de-level among the plot and 
the exit; L – is the distance from the plot 
to the outlet.

With an area of 535.66 km2, the SDR for the 
sub basin in our case above the Boulaouane dam 
is equivalent to 8%. 

According to the findings, 92% of the sedi-
ments are locked in the long- and short-term traps 
that are located between the distribution line out-
put and the field, and the remaining sediments are 
lodged in the exhaust. 

For example, the quantity of sediment dis-
charged into the exit is determined by the follow-
ing ratio:

	 Ad = SDR × A	 (17) 

where:	A – the quantity of sediment generated at 
the slopes.

	 Ad = SDR × Amoy = 8% × A	 (18)

Lifetime dam

In Morocco, measures of solid transport in 
suspension or volume packed of reservoirs esti-
mated via bathymetric profiles, ultrasonography 
surveys, or aerial photogrammetry have been spe-
cially used to provide a quantitative estimate of 
dam packaging. (Lahlou, 1994). In this research, 
we present a widely adopted method founded on 
the RUSLE and EPM models.

Given that the surface the sub-basin area 
above the dam is 567 km2 and the average value 
of its specific degradation according to both the 
RUSLE and the EPM models are 32 t/ha/year and 
55.43 t/he/year respectively. It can be deduced, 
that watershed’s contribution to the boiling of the 
Boulaouane watershed downstream are 1814400 
t/year according to URSLE model and 3142881 
t /year according to the EPM model respectively 
(Fig. 14a, Fig. 14b).

We will use the link that has been investigated 
between the packing rate and the specific degrada-
tion of the various dams at the Moroccan level in 
order to infer the lifetime of the dam in question. 
This correlation’s primary goal as shown in Figure 
12 is to account for both the vase’s density and the 
volume of silt discharged from the dam (Table 2).

To estimate the lifespan of the future Bou-
laoune dam, currently under construction in 
the study area, it is essential to examine the 
relationship between the specific degradation 

Figure 15. The relationship between specific degradations and the annual packaging of their respective dams (Table 2)
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of various dams in Morocco and their siltation 
rates (data provided by the Hydraulic Basin 
Agency, Table 2). The calculation of the coef-
ficient of determination (R2 = 0.9599) indicates 
that 95.99% of the variance in the data is ex-
plained by the model, highlighting a strong lin-
ear correlation between watershed degradation 
and the annual siltation of dams (Fig. 15).

To verify the significance of this relationship, 
the correlation coefficient (R) was calculated as 
R = √R2, yielding R = 0.9797. The t-statistic was 
then used to assess whether this correlation is sig-
nificant. The formula applied is:
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 MFI =∑ pi × pi
pi

12

i=1
 (6) 

𝐾𝐾 = (2.1𝑀𝑀1.4.10−4(12−𝑀𝑀𝑀𝑀)+3.25 (𝑃𝑃−2)+2.5 (𝑆𝑆−3)
100  (7) 

𝑀𝑀 = (%𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿 + %𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠) × (100% 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐) (8) 
𝐿𝐿𝐿𝐿 = (0.4 + 1) × 

× (𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 ×  𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶
22.3 )

0.4
× (sin(𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆)

0.0896 )
1.3

 

(9) 
𝐶𝐶 = 0.1 × ((−𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 + 1)

2 ) (10) 

𝑊𝑊 = 𝜋𝜋 × 𝑇𝑇 × 𝐻𝐻 × √𝑍𝑍3 × 𝐹𝐹 (11) 
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Compared to the critical val-
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The obtained regression equation is:

	 Y = 1.495X – 0.048	 (21)

where:	Y – represents the watershed degradation 
(Mt/year), X – corresponds to the annual 
siltation rate (mm3/year).

The regression coefficients (β1 = 1.495 and 
β0​ = −0.048) were tested for their significance 
using t-tests. The results indicate that these coef-
ficients are significantly different from zero at the 

5% level, thereby validating the reliability of the 
regression equation (Montgomery et al., 2012).
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	 (23)

This value significantly exceeds the critical 
value (F0.05,1,18 = 4.41), confirming that R2 is highly 
significant (Kutner et al., 2004).

By applying this regression equation to the 
Chichaoua watershed, where the Boulaoune dam 
will be constructed, and considering the reservoir 
capacity (66  mm3), it is possible to estimate it’s 
lifespan. The obtained results were compared 
with the bathymetric data of the Tasekourt dam, 
located in a neighboring watershed, to validate 
the estimation. This comparison supports the ro-
bustness of the predictions made.

In addition, by substituting the specific dete-
rioration faced at the sub-basin level as it pours 
uphill from the Boulaouane dam, we will arrive 
at the following value: 

2102261.57 m3/year, or 2 mm3/year according 
to model (EPM) 1213645.51 m3/year, or 1 Mm3/
year according to Model (RUSLE) 

With respect to the retention of the dam, which 
has a capacity of 66 million m3. The sheet erosion 
contributes annually to 1.55% of the dam’s pack-
aging, giving it a lifespan of 54 years. According 
to the RUSLE model, and 3% of the tank pack-
aging, or 33 years, according to the EPM model, 

Figure 16. Development of the typical capability of the Taskourt dam
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which leaves out the other sources of sediment 
(linear, mass, and hydrographic erosion).

The validity of the models utilised

In comparison to the RUSLE approach, which 
yields results that are comparatively more accurate, 
the EPM method slightly overestimates the out-
comes. On both time scales, the two models oper-
ated quite similarly. Additionally, the RUSLE model 
tends to depict the results of comparable erosion 
rates found by the most recent bathymetric measure-
ments in the watering basin of the nearby Taskourt 
dam at the level of the Assif El Mal watering subba-
sin (0.8 mm3/year), according to the ABHT (Tensift 
Hydraulic Basin Agency) (Fig. 16). However, the 
RUSLE model often predicts the actual outcomes.

DISCUSSION

In the Chichaoua basin, simultaneous reading 
of soil loss assessment maps reveals a fluctuat-
ing erosion classes’ distribution, highlighting the 
total amount effect of the various water erosion 
contributing factors. Results of the study show 
that even on steep slopes, the presence of abun-
dant vegetation (forest) considerably lowers ero-
sion rates. However, regions with medium to high 
slopes and no vegetation are more vulnerable to 
erosion. The topography of the study region may 
also have an impact on the water erosion phenom-
enon, in addition to the plant cover. It has been 
noted that regions with medium to high erosion 
risk typically observe the slope and altitude dis-
persion on the map; that is, they focus on regions 
with medium to strong slope and altitude.

According to the RUSLE model, a very low 
danger of erosion exists in 73.36% of the wa-
tershed area, 13.4% a minimal danger, 8.02% a 
mild danger, 0.56% is a severe type danger, while 
4.65% is a high danger (Fig. 9). The range of an-
nual land losses is 0–280.22 t/ha. 10.03 t/ha/year 
was the average loss. 

Results from the EPM model indicate that 
32.94% of the watershed area has an extremely 
minimal erosion risk, 32.7% a low risk, 17.80% a 
moderate danger, 13.67% a significant danger and 
2.88% a danger of severe type (Fig.12). Annual 
losses of land varies from 0.136 to 290.21 t/ha/
year. It was 27.53 t/ha/year on average.

These values correspond to a medium low 
risk of erosion, as a global status for the entire 

watershed. Indeed, this average remains lower 
than those found in other areas in Morocco where 
water erosion is intense.

The watershed of Kalaya and Oued Sania, in 
the northwestern Rif, have averaged erosion rates 
of 47.18 t/hour/year (Tahiri et al., 201413, 2017) 
and 34.74 t/h/year (Khali et al., 2016), respectively.

Land losses in the Oued Salha (Central Rife) 
and Oued Boussouab (Eastern Rife) basins were 
approximately 55.53 tonnes per hectare per year 
(Sadiki et al. 2004) and 22 tonnes/hour/year, re-
spectively (Sadiki and al., 2009). The Sebou Ba-
sin, which covers more than 70% of the Gharb 
region, has an annual growth of 10 t/h (Chadli, 
2016). According to the authors, the Oum Er-
Rbia basin in the Middle Atlas has fluctuating 
rates between 58 t/h/year (El Jazouli et al., 2019) 
to 224 t/hour/year (Yjjou et al., 2014). Finally, in 
the N’fis basin in the Western Upper Atlas, it is 
approximated that there is an erosion of 115 t/h/
year (Markhi et al., 2015).

Based on our study, when comparing the max-
imum erosion rates in the Chichaoua basin, calcu-
lated using the RUSLE and EPM methods, reach-
ing 280 t/h/year and 290 t/ho/year, respectively, 
it is clear that these values remain relatively low 
compared to those observed in the N’fis (Markhi 
et al., 2015), and the Ourika basin of two basins 
of the Upper Atlas of Marrakech. Soil losses are 
lower than 1500 t/h/year in the N’fis watershed, 
while they are greater than 2000 t/hour/years in 
the Ourika watershead.

This characteristic classifies the Chichaoua 
watercourse as low erosion basin. The reason 
for this is that surface areas and rainfall erosion 
factors are more significant in the Ourika and 
N’fis basin than in the Chichaoua basin. In the 
Urika basin, the erosive precipitation is 100 MJ 
mm/ha.h.an, while in the N’fis basin, it is 57 MJ 
mm/h·a. and an upper limit of 116 MJ/ha·h·a in 
the Chichaoua watering basin. The topographic 
dimension is also greater in the spilling basin of 
the Ourika and N’fis than in that of Chichaoua.

Therefore, although the three sloping basins 
are in the same High-Atlantic context, the climat-
ic and topographic factors vary slightly, which 
could account for the discrepancies noted in the 
susceptibility of the three basins to water erosion.

However, the amount of sediment transport-
ed, which is estimated at 1 and 2 million tonnes 
per year according to the two models, RUSLE 
and EPM, respectively, from the subbasin above 
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the dam, poses a real challenge for the filling of 
the Boulaouane dam.

A SIG that incorporates the model presents 
numerous advantages. It enables efficient han-
dling of substantial data regarding different as-
pects of water erosion. Additionally, it enables 
visualization of soil loss or potential erosion rates 
(t/ha/year) along with the geographical disper-
sion of vulnerability to erosion throughout differ-
ent regions of the spill catchment. It is crucial to 
highlight that the universal equation for soil loss 
solely considers average losses from soil loss.

Applying the model under different circum-
stances and on a larger scale than those for which 
it was originally developed raises concerns about 
its precision, as it relies on incomplete data or 
very limited spill basins. Furthermore, the model 
assumes that there is erosion on all surfaces if any 
factors are not zero and fails to indicate where de-
posits are located.

Nonetheless, uncertainty can be accepted 
provided that field measurements and labora-
tory analyses are conducted meticulously (Re-
nard et al., 1997).

Therefore, although the reliability of the results 
obtained is questionable, the methodology enables 
managers and policymakers to anticipate measures 
to prevent erosion in regions that are at high risk of 
erosion. It also explains how soils can be used by 
arrangements to combat erosion phenomena.

The EPM approach has not yet been used 
in Moroccan territory. Nevertheless, it would be 
interesting to compare and discuss the results 
achieved in the Chichaoua basin combining the 
EPM model with other Moroccan-standard con-
cepts and techniques.

A quantitative model that is suggested for 
semi-arid mountain environments is the EPM 
model, despite the fact that each model has ad-
vantages and disadvantages (Rajabi et al., 2022). 
This model is unique in that it incorporates a 
number of factors into the estimation of soil loss 
(W), taking into account each pixel’s erosive con-
dition, lithology, NDVI, precipitation, slope, soil 
temperature, and land use (Ansar et al., 2020). 
Additionally, the EPM model makes it possible to 
calculate a variety of erosion types, such as gully-
ing, landslides, and sheet erosion. 

The EPM uses a multiplicative method to 
calculate erosion, and under GIS, it attempts to 
categorize the data into qualitative groups rather 
than extrapolating, which raises errors and uncer-
tainties. Furthermore, there is ambiguity around 

the kind of interpolation along with The weather 
stations’ limited number that were utilized in the 
calculation of the climatic erosivity factor (Oual-
lali et al., 2020). 

There are a few internal and exterior limita-
tions with this model, though. The model’s as-
sumption for data management via GIS is that 
each 25-meter resolution cell’s topography, soil 
utilization variables, erosion, and erosion are all 
the same (Ouallali et al., 2020).

The impacts of sudden changes in crop types 
and cover from one season to the next are not in-
cluded by the EPM model. Specifically, it ignores 
the fact that grass coverage decreases erosion in 
the summer and loses its effectiveness in the fall, as 
demonstrated by (Biddoccu et al., 2016) in other ar-
eas with climates distinct from the Chichaoua basin.

However, the EPM model cannot provide an 
exact land loss quantity, it can highlight geograph-
ical disparities in erosion (Hoyos, 2005). The spa-
tial analysis of the sedimentary production poten-
tial shows that the majority of sediments present 
in the upward zone of the future Boulaoune dam 
are located in a very hard terrain (very strong wa-
ter erosion), which facilitates their transportation 
to the retention of the dam.

However, when the area was cultivated or de-
void of vegetation, topographical erosion is ex-
acerbated and hastened, particularly during wet 
seasons. Moreover, the primary determinants of 
rate of erosion were length of the slope and slope, 
with the exception of regions where water col-
lects (such as ravines and streams).

Compared to the RUSLE methodology, 
which produced results that were comparatively 
more accurate, the EPM method slightly exagger-
ated the outcomes. On both time scales, the two 
models’ performances were quite comparable. 
Furthermore, EPM’s model overestimates find-
ings, while the RUSLE model more closely ap-
proximates the mean annual sediment discharge 
and yield values that are “actual” (measured). 
Overall, the two methods accurately depicted the 
phenomenon, allowing for the discovery of the 
region’s most susceptible to erosion.

Findings from this modeling of water ero-
sion, albeit providing only imprecise and approx-
imative values, have the potential to assist local 
actors in their decision-making with respect to 
resource management and soil preservation. By 
utilizing a variety of scenarios to determine and 
confirm the best anti-erosion management meth-
od, the GIS has made the simulation possible and 
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feasible today. Results from a threefold compari-
son regional, factor, and methodological could be 
obtained for comparative analysis. To build a co-
ordinated response to erosion, we want to gain an 
understanding of the regional pattern of land loss-
es at the Western High Atlas level by contrasting 
the results of water erosion research conducted in 
the Chichaoua basin and Morocco.

To verify the accuracy of the results estimat-
ed by both methods (280 and 290 t/ha/year), we 
should not stop at this point. Regarding advantag-
es and limitations of every technique, it is clear 
that this disparity in the results of the two methods 
is justified because RUSLE only gives the rates of 
erosion at the level of the surface (bottle erosion), 
while EPM gives the overall erosion rate (result 
of the different forms of the erosion). 

This work stands out for its innovative approach 
in assessing and predicting soil loss from water ero-
sion in a region where a dam is being built in the 
future. By combining two quantitative methods, 
namely the RUSLE and EPM models, this study 
provides a thorough and comparative analysis of 
potential soil losses. These approaches allow pos-
sible to precisely quantify the effects of several fac-
tors, such vegetation cover, land use, and slope on 
erosion processes. These findings provide a robust 
scientific basis to guide policymakers on soil con-
servation strategies and land management is essen-
tial to sustaining natural resource management in 
preparation for the future dam construction. 

CONCLUSIONS

The study concludes by highlighting the sig-
nificance of water sedimentation and erosion, 
emphasizing the need for thorough evaluation 
and understanding to mitigate their adverse ef-
fects. Utilizing GIS alongside empirical models 
has facilitated large-scale spatialization of ero-
sion, enabling the determination of regions that 
need urgent action to preserve soil. Utilizing the 
EPM and RUSLE models in the Chichaoua basin 
has revealed the erosion risk’s spatial distribu-
tion, with key factors such as lithology and veg-
etation cover influencing erosion intensity. The 
study quantifies soil loss using both RUSLE and 
EPM models, indicating variations in estimated 
sediment output and dam lifespan. Sediment in-
puts from tributaries play a crucial role in dam 
packing, predominantly attributed to padded ero-
sion. Furthermore, the study suggests planning 

initiatives for soil conservation and dam lifespan 
extension based on its findings and maps. The 
need for continued investigation into degradation 
factors, including local resources and human ac-
tivities, is emphasized. Both Rusle and EPM ap-
proaches offer valuable insights at the watershed 
level, with RUSLE focusing on pad erosion and 
EPM highlighting priority intervention areas and 
total degradation caused by various erosion types.

Ultimately, the recommendation to apply the 
EPM technique to the entire basin for practicality 
underscores the study’s commitment to providing 
actionable insights for sustainable land and water 
management practices. Dump erosion is thought 
to be the primary cause of the dam packaging 
phenomena, and the RUSLE model is most ap-
propriate for the sub-basin flowing upwards of 
the planned Boulaouane dam.
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