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Abstract: One of the most common types of soil 
degradation is water erosion. It reduces soil quality at 
the erosion site and may cause sedimentation issues 
at the deposition site. This phenomenon is estimated 
using a variety of models. The Revised Universal Soil 
Loss Equation (RUSLE) model is the most often used, 
due to its consistence and low data requirement. It is 
useful for estimating annual soil loss at the watershed 
scale. To investigate the relationship between soil 
erosion and sediment deposition, the combined 
RUSLE and Sediment Delivery Ratio (SDR) models 
are used. The Wadi El Hachem watershed is a coastal 
and mountainous Mediterranean basin with rugged 
topography and high degree of climatic 
aggressiveness. Both of these characteristics can have 
an immediate effect on soil erosion and sediment 
yield. This research includes estimating the Average 
Annual Soil Loss (A) and Sediment Yield (SY) in the 
Wadi El Hachem watershed, mapping different 
RUSLE factors as well as A and SY, and studying the 
influence of rainfall erosivity (R) on A and SY in dry 
and rainy years. The A results vary from 0 to 410  
t·ha-1·yr-1 with an annual average of 52 t·ha-1·yr-1. The 
Renfro's SDR model was selected as the best model 
for estimating SY, with standard error, standard 

deviation, coefficient of variation, and Nash–Sutcliffe 
efficiency (NSE) values of 0.38%, 0.02, 0.07%, and 
1.00, respectively. The average SY throughout the 
whole watershed is around 27 t·ha-1·yr-1. The SY map 
for the entire Wadi El Hachem watershed revealed 
that sediment production zones are mainly 
concentrated in the Northeast of the basin, at the 
basin’s outlet, and in the tributaries of the dam. The 
simulation results of soil loss and sediment yield in 
dry and rainy years revealed that R is one of the main 
factors affecting soil erosion and sediment deposition 
in the Wadi El Hachem watershed. The mean 
difference in R factor between dry year and rainy year 
is 671 MJ·mm·ha-1·h-1·yr-1. As a result of this 
fluctuation, the soil loss and sediment yield have 
increased by 15 and 8 t·ha-1·yr-1, respectively. The 
results of this research can be used to provide 
scientific and technical support for conservation and 
management strategies of the Wadi El Hachem 
watershed. 
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1    Introduction  

Water erosion is one of the most serious forms of 
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soil degradation (Ferreira et al. 2022). It is defined as 
the rapid loss of topsoil from the land surface caused 
by water (FAO and ITPS 2015). Water erosion is a 
very common phenomenon that decreases soil quality 
in erosion area (on-site effect) and can lead to 
sedimentation problems in deposition area (off-site 
effect) (Osman 2014). According to FAO and ITPS 
(2015), the amount of eroded soil worldwide is 
estimated to be between 20 and 30 Gt per year, 
corresponding to a loss of 0.90 to 0.95 mm of soil 
from the land surface. As a result, an adequate 
assessment of soil loss is required to determine the 
degree and severity of soil erosion using an 
appropriate soil loss model (Alewell et al. 2019). 

Water erosion is estimated using a variety of 
models. These models are classified into three 
categories: empirical, semi-empirical and physical 
models (Merritt et al. 2003). Revised Universal Soil 
Loss Equation (RUSLE), an empirical model, is the 
most commonly used due to its consistence and low 
data requirement (Bhandari et al. 2015; Rajbanshi 
and Bhattacharya 2020). This model is suitable for 
assessing annual soil loss at the watershed scale in a 
variety of landscapes and under a variety of land cover 
conditions (Zini et al. 2015; Kumar 2020). This model 
has been widely applied to estimate water erosion in 
Algeria (Benchettouh et al. 2017; Meghraoui et al. 
2017; Djoukbala et al. 2018; Toubal et al. 2018; Sahli 
et al. 2019) and in several countries throughout the 
world (Wall et al. 2002; Fu et al. 2006; López-Vicente 
et al. 2008; Farhan and Nawaiseh 2015; Nasir and 
Selvakumar 2018; Mukanov et al. 2019; Phinzi and 
Ngetar 2019; Schmidt et al. 2019; Chafai et al. 2020; 
Jaafari and Benabdelhadi 2020). 

It is crucial to investigate the relationship 
between soil erosion and sediment deposition in 
water erosion studies (Jain and Das 2009; Hui et al. 
2010). However, the RUSLE model assesses soil 
erosion only, and does not take into account sediment 
yield. This feature is considered to be one of the 
model's limitations (Phinzi and Ngetar 2019). This 
constraint can be overcome by including the sediment 
delivery ratio (SDR) into the RUSLE model, resulting 
in the RUSLE-SDR combination. The SDR for a 
specific watershed is the fraction of the eroded soil 
that reaches a continuous stream system. It is 
influenced by a variety of geomorphological, 
hydrological, and environmental watershed factors 
(Fu et al. 2006). SY in a drainage basin is estimated 
using this combination by multiplying soil loss and 

SDR (Bhattacharya and Das Chatterjee 2021). The 
combined RUSLE-SDR model has been widely 
applied in recent years for assessing both A and SY at 
the watershed scale (Saygın et al. 2014; Magesh and 
Chandrasekar 2016; Colman et al. 2018; 
Ebrahimzadeh et al. 2018; Thomas et al. 2018; Singh 
et al. 2019; Rajbanshi and Bhattacharya 2020; 
Bhattacharya and Das Chatterjee 2021; Tsegaye and 
Bharti 2021; Ben Cheikha et al. 2021; Menasria et al. 
2021; Ouadja et al. 2022).  

This model is applied in a coastal and 
mountainous Mediterranean basin, such as the Wadi 
El Hachem watershed in Northern Algeria. This 
region is characterized by a rugged topography and a 
high degree of climatic aggressiveness, both of which 
can have a direct impact on the triggering of water 
erosion and the production of sediments. 

The objectives of this study are (i) estimating the 
average annual soil loss and sediment yield in the 
watershed of Wadi El Hachem, (ii) mapping different 
RUSLE factors as well as the soil loss and sediment 
yield, and (iii) analyzing and anticipating the impact 
of rainfall erosivity on soil loss and sediment yield in 
dry and rainy year. 

2    Study Area 

The Wadi El Hachem watershed is a coastal basin 
situated in the Northern part of Algeria, in the Wilaya 
of Tipaza. It is located between 36.4125° and 
36.6139°N, and between 2.1286° and 2.3625°E (Fig. 
1). It covers an area of 220 km2. The Wadi El Hachem 
watershed is part of the Tellian Atlas bordered by the 
Mediterranean. In fact, mountains cover two-thirds of 
the watershed area. They are represented by the 
Chenoua massif in the north, and the BouMaad 
mountain in the south and west of the watershed. The 
average altitude of the basin is around 400 m. The 
slope varies between 0 and 124% with an average 
value of 30% (Fig. 2). The study region has a 
Mediterranean climate, with a mild winter and a hot 
summer. The average annual rainfall and temperature 
values are 532 mm and 18.5°C, respectively. The 
geological formations encountered in the study area 
are predominantly sedimentary rocks with a 
percentage of 91%. The remainder is represented by 
eruptive rocks (9%). The main sedimentary rocks 
encountered are shales and limestones, clayey marls, 
blue marls, calcareous and schistose marls, gravels 
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and alluvial deposits (Saoud and Meddi 2022). The 
land use of the watershed is mainly represented by 
forest lands (59%), which are mostly found in 
mountains and hills. Agricultural lands cover 32% of 

the watershed area. They are mainly found in the 
north along the Wadi El Hachem valley, and in the 
foothills at the central and western parts of the 
watershed. Rangelands, water bodies and built-up 

 
Fig. 1 Localization of the Wadi El Hachem watershed. 

 

 
Fig. 2 Slope (a) and land use (b) maps of the Wadi El Hachem watershed. 
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areas account for less than 
10% of the total area (Fig. 2). 
The Boukourdane dam, 
which is part of the Wadi El 
Hachem watershed (Fig. 1), 
was built in 1993 with a 
useful capacity of 97 hm3 
and allows for the regulation 
of 50 hm3. It is intended for 
drinking water supply and 
irrigation of the valley of 
Wadi El Hachem and the 
coastal plain of Tipaza. 

3     Materials and 
Methods 

In order to accomplish 
the objectives of this study 
using the combined RUSLE-
SDR model, the research 
methodology involves two 
types: (i) the estimation of 
soil loss (A) using the 
RUSLE model, and (ii) the calculation of sediment 
yield (SY) using the sediment delivery ratio (SDR) 
model. This methodology is presented in the form of a 
flowchart (Fig. 3). 

3.1 Soil loss estimation 

In this study, the average annual soil loss of the 
Wadi El Hachem watershed is estimated by RUSLE 
model, as shown by (Eq. 1): 

 A R K LS C P (1)

where A is the average annual soil loss (t·ha-1·yr-1), R 
is the rainfall-runoff factor (MJ·mm·ha-1·h-1·yr-1), K is 
the soil erodibility factor (t·h·MJ-1·mm-1), LS is slope 
length and steepness factor, C is the cover-
management factor, and P is the support practice 
factor. 

The R factor is the rainfall-runoff erosivity index 
used to predict water erosion. Due to the lack of data 
required to calculate this factor by using the original 
formula, Meddi et al. (2016) developed an alternative 
equation (Eq. 2) adapted to Algerian conditions, 
which was used in our study: 

 R 0.47	MFI . . . jmax . (2)

where MFI is the Modified Fournier Index (mm),  is 
the longitude (km),	  is the altitude (m), and max is 
the maximal daily rainfall (mm). 

We used six rainfall gauging stations located 
throughout the watershed (Table 1) which have the 
data required to calculate the R factor using Eq. 2. 
The number of years of climatic data recorded varies 
between 22 to 46, with data collected from 1967 to 
2014. An annual average value of the R factor was 
computed for each rainfall station. As a result, the R 
factor map was generated using the IDW 
interpolation method. 

The K factor is a quantitative measure of the soil's 
inherent resistance to erosion. This factor is estimated 
using the equation of Wischmeier and Smith (1978), 
as shown below (Eq. 3): 

 
K 2.1 M . 10 121 3.25 2

2.5 3
0.1317
100

 (3)

where M = (% fine sand + silt)×(100 - % clay), a is the 
organic matter percentage, b is the code of 
permeability, c is the code of soil structure, and 0.1317 
is a conversion factor from US units to international 
units. 

The K factor was calculated using 20 soil samples 

Fig. 3 Presentation of the methodology used. 
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data collected from various locations throughout the 
watershed (Table 2). The soil sampling is of stratified 
random type based on lithological units distributed in 
the study region. The IDW interpolation method was 
used to create the K factor map. 

The LS factor measures the erosion impact of 
slope angle, length, and complexity (Wall et al. 2002). 
To estimate LS factor through the watershed we used 
the Advanced Spaceborne Thermal Emission and 
Reflection Radiometer (ASTER) Global Digital 
Elevation Model (GDEM) with 30 m resolution. The 
LS factor is calculated according to the equation of 
Moore and Burch (1986) (Eq. 4). 

 LS
22.13 0.0896

 (4)

where A is the upslope contributing area per unit 
contour width (m2m-1),  is the slope angle in degrees, 
m = 0.4, and n = 1.3. 

The C factor measures the effectiveness of 
vegetation cover and crop management systems in 
reducing soil loss (Panagos et al. 2015). The C factor 
can be estimated using a variety of methods (Almagro 
et al. 2019). Several studies over the last few decades 
have focused on using Normalized Difference 
Vegetation Index (NDVI) as an independent variable 
to estimate this factor (Van der Knijff et al. 2000; 
Panagos et al. 2015). In our study, the generation of 
the C factor map is obtained using the equation of 
(Durigon et al. 2014) (Eq. 5): 

 
NDVI 1

2
 (5)

where NDVI = (NIR-RED)/(NIR+RED), NIR is the 
near infrared band of the Landsat 8 OLI satellite 
image (band 5), and RED is the red band of the 
Landsat 8 OLI satellite image (band 4). 

In our example, we calculated an average NDVI 

Table 1 Data from rainfall gauging stations in the Wadi El Hachem watershed

Items Menaceur Bellah Bordj Ghobrini Iazabene Boukourdane’s dam Sidi Amar
Number of data years 46 41 44 44 28 22
Time period 1967-2012 1973-2013 1968-2011 1968-2011 1987-2014 1969-1990
Longitude (E,°) 2.23 2.24 2.26 2.28 2.30 2.30
Latitude (N,°) 36.49 36.61 36.60 36.47 36.54 36.56
Altitude (m) 250 20 15 420 110 45
Modified Fournier Index 
(mm) 

88 99 123 158 105 121 

Maximal daily  
rainfall (mm) 74 58 53 49 63 60 

Annual average rainfall 
erosivity  
(MJ·mm·ha-1·h-1·yr-1) 

470 444 458 409 454 490 

 
Table 2 Soil data of the Wadi El Hachem watershed 

No. Longitude (E,°) Latitude (N,°) Sand (%) Clay (%) Loam (%) Texture OM (%) K(t·h ·MJ-1·mm-1)
1 2.23 36.50 42 30 28 Clay Loam 1.46 0.037 
2 2.22 36.48 25 49 26 Clay 0.56 0.036 
3 2.33 36.58 18 43 39 Clay 3.08 0.039 
4 2.26 36.61 15 44 41 Silty Clay 3.06 0.039 
5 2.29 36.54 29 27 44 Loam 2.20 0.035 
6 2.26 36.53 24 49 27 Clay 0.83 0.032 
7 2.29 36.55 44 28 28 Clay Loam 1.19 0.035 
8 2.26 36.57 27 30 43 Clay Loam 3.19 0.038 
9 2.31 36.60 20 38 42 Silty Clay Loam 0.58 0.041 
10 2.34 36.60 40 19 41 Loam 2.86 0.046 
11 2.27 36.45 54 13 33 Sandy Loam 2.98 0.027 
12 2.16 36.47 23 35 42 Clay Loam 3.42 0.035 
13 2.27 36.51 23 44 33 Clay 1.35 0.037 
14 2.28 36.48 18 42 41 Silty Clay 1.39 0.042 
15 2.32 36.56 38 27 35 Clay Loam 1.82 0.058 
16 2.19 36.49 58 23 19 Sandy Clay Loam 1.10 0.039 
17 2.30 36.51 18 41 41 Silty Clay 1.05 0.043 
18 2.31 36.49 19 35 46 Silty Clay Loam 1.17 0.044 
19 2.30 36.58 31 39 31 Clay Loam 1.61 0.034 
20 2.27 36.59 5 51 43 Silty Clay 2.48 0.035 



J. Mt. Sci. (2023) 20(2): 367-380 

 372

derived from different Landsat 8 OLI satellite images 
at 0% cloud cover for the year 2018. 

The P factor takes into account the effectiveness of 
soil conservation practices in reducing erosion. Contour 
farming, cross-slope cultivation and strip cropping are 
the most widely used conservation practices (Stone and 
Hilborn 2000). In our study area, only 0.13% of the 
total watershed area is used for conservation practices 
(Saoud and Meddi 2022). Consequently, the whole 
watershed was assigned a value of 1. 

3.2 Sediment yield calculation 

The sediment yield (SY) is defined as the part of 
soil eroded and deposited towards the outlet of a 
watershed (Ebrahimzadeh et al. 2018). The average SY 
can be calculated using the following formula (Eq. 6): 

 SY SDR A (6)

where SDR is the sediment delivery ratio 
(dimensionless), and A is the average soil loss of the 
watershed (t·ha-1·yr-1). 

There are two sorts of SDR models based on their 
input data: those based on the drainage area and 
those based on the morphometric features of the 
watershed (Bhattacharya and Das Chatterjee 2021). 
In our study, SY was estimated using four (04) SDR 
models (Table 3). To select the best model, we 
compared the SY derived from each of the four SDR 
models (SYest) to the SY observed at the outlet of the 
watershed (SYobs). The criteria used are standard error 
(SE) (Eq. 7), standard deviation (SD) (Eq. 8), 
coefficient of variation (CV) (Eq. 9) (Rostami and 
Salajeghe 2011; Boufeldja et al. 2020), and the Nash–
Sutcliffe efficiency (NSE) (Eq. 10) (Nash and Sutcliffe 
1970). The best model is chosen by having the lowest 
SE, SD, and CV, as well as the greatest NSE. 

SE
| |

100                 (7) 

 SD
SY SY

SY
 (8)

 CV
SD
SY

100 (9)

 NSE 1
SY SY

SY
 (10)

where SE is the standard error (%), SD is the standard 
deviation, CV is the coefficient of variation (%), NSE 
is the Nash–Sutcliffe efficiency, SYest is the sediment 
yield estimated from Eq. 6, and SYobs is the sediment 
yield observed at the catchment outlet. 

4   Results 

4.1 RUSLE factors 

The factors of soil loss described in the RUSLE 
model were studied to better understand the 
intensity and geographical distribution of this 
process across the study area. The R factor values 
were in the range of 408 to 490, indicating a high 
level of rainfall erosivity. The highest values were 
located in the north of the watershed and they 
gradually decrease towards the south (Fig. 4). The 
results of K factor were between 0.027 and 0.058. 
The highest readings indicating a very high level of 
erodibility (between 0.0394 and 0.058) were 
located in the north and east of the watershed, 
while those showing very low erodibility (less than 
0.0332) were found in the south (Fig. 5). This 
result highlighted the effect of soil intrinsic 
properties on K factor. It is noted that sites with 
very high erodibility had either low organic matter 
content (case of site 9), or high silt content (case of 
site 14 and 17), or both at the same time (case of 
site 15) (Table 2). However, there were sites with 
high silt content but low K values. This is due to 

Table 3 Different SDR models used for the calculation of SYest

SDR models Source Description

SDR 1.8768 0.4191 log 25.89	  
Maner 
(1962) A: Watershed area (km²) 

SDR 0.42 2.589	 .  
Vanoni 
(1975) A: Watershed area (km²) 

SDR	 		0.417762 2.589	 .

0.127097 
SCS (1983) A: Watershed area (km²) 

log 	SDR 2.94259 0.82362 log  
Renfro 
(1983) 

R: Maximum height of the watershed - height at the 
outlet (km) 
L: Maximum length of the watershed measured parallel 
to the main watercourse (km) 
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relatively high levels of organic matter (sites 5, 8 
and 12). Like organic matter, sand played an 
important role in reducing soil erodibility. This was 
particularly apparent at sites 7, 11 and 16, where 
the percentage of sand was greater than or equal to 
44% while K was less than 0.039. The LS factor 
values ranged from 0 to 65. The irregularity of the 
slope length and its inclination influenced the LS 
factor distribution in the watershed (Fig. 6). Indeed, 
the highest values were located in the vast areas 
with regular slopes, i.e. floodplains, depressions 
and plateaus with gentle slopes, while the lowest 
values were located in areas with irregular slopes 
and in flat lands with no slope. The C factor values 
were between 0.072 and 0.58. The C factor classes 
were recognized based on land use type (Fig. 7). 
The class below 0.173 was represented by forests. It 
was mainly located in the southern part of the 
watershed, but was also found in the central and 
northern parts of the watershed. The 0.173 to 0.274 
class represented shrubs and farmlands. The values 
between 0.274 and 0.376 were represented by 
rangelands, fallows and burned forests. Finally, 
built-up areas and bare soils were represented by 
the class greater than 0.376. 

Fig. 4 Rainfall erosivity factor map for the Wadi El 
Hachem watershed. 
 

Fig. 5 Soil erodibility factor map for the Wadi El 
Hachem watershed. 

Fig. 6 Slope length and steepness factor map for the 
Wadi El Hachem watershed. 
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4.2 Soil loss, SDR, and sediment yield 

A derived from the RUSLE model were 
between 0 and 410. The distribution of A in the 
map (Fig. 7) showed that low values (less than 30 
t·ha-1·yr-1) were found in areas occupied by forests, 
particularly in the South, where climatic 
aggressiveness is relatively low. The highest soil 
losses (more than 120 t·ha-1·yr-1) were located in 
the floodplains, specifically at the outlet of the 
watershed and west of the dam. They were also 
found in bare soils and burnt areas. The annual 
average soil loss in the Wadi El Hachem watershed 
was 52 t·ha-1·yr-1. 

The comparison of the sediment yield 
estimated (SYest) derived from the RUSLE-SDR 
results with the sediment yield observed (SYobs) 
involved the selection of the most appropriate 
sediment delivery ratio (SDR) model. This 
selection was based on the lowest rates of standard 
error (SE), standard deviation (SD), and coefficient 
of variation (CV), as well as the highest rate of the 
Nash–Sutcliffe efficiency (NSE). SYobs was derived 
from a bathymetric survey of the Boukourdane’s 

dam conducted by the National Agency for Dams 
and Transfers (ANBT) in 2005, as well as forecasts 
of siltation evolution using the Chamov formula 
(Demmak 2010). According to Saoud and Meddi 
(2022), and depending on the results of Remini 
and Mokeddem (2018), about the annual siltation 
rate of the Boukourdane’s dam, the SYobs in the 
Wadi El Hachem watershed was predicted to be 27 
t·ha-1·yr-1. Table 4 showed that the SYest values 
ranged from 6 to 36 t·ha-1·yr-1. It can be seen that 
the SYest derived from the model of Renfro (1983) 
was the closest to SYobs. In fact, SYest was about 27 
t·ha-1·yr-1 with SE, SD, CV and NSE of 0.38, 0.02, 
0.07 and 1.00, respectively. Similarly, Fig. 8 clearly 
illustrated that Renfro's model was the best of the 
four models tested that produced similar findings 
when compared to the observed data. After 
selecting the suitable SDR model and using the Eq. 
6, the sediment yield (SY) map for the entire Wadi 
El Hachem watershed was developed using 
Renfro's SDR model and the soil loss (A) value for 
each pixel (Fig. 9). According to the map, sediment 
production areas were mainly concentrated in the 
Northeast of the basin, at the outlet of the basin, 
and in the tributaries of the dam. 

4.3 Soil loss (A) and sediment yield (SY) 
simulations in dry and rainy years 

To investigate the importance of the rainfall 
erosivity (R) factor and its impact on soil loss (A) 

Fig. 7 Cover management factor map for the Wadi El 
Hachem watershed. 

Table 4 Results of SDR models and SYest 

SDR models SDR SYest SE (%) SD CV (%) NSE
Maner (1962) 0.69 36 24.29 1.67 6.16 0.90
Vanoni (1975) 0.25 13 110.54 2.73 10.08 0.72
SCS (1983) 0.11 6 377.86 4.12 15.18 0.37
Renfro (1983) 0.52 27 0.38 0.02 0.07 1.00

 

Fig. 8 Sediment yield estimated from Sediment Delivery 
Ratio (SDR) models vs sediment yield observed. 
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and sediment yield (SY), the RUSLE-SDR model 
was used to estimate A and SY for both dry and 
rainy years. This was obtained by varying the 
values of the R factor, while keeping the other 
factors constant. Dry and rainy years were selected 
from the data of the six (06) rain gauging stations, 
and each station was treated separately. Thus, 
years with the lowest precipitation (P) (mm) were 
considered dry years and years with the highest P 
(mm) were considered rainy years. Table 5 showed 
that during the rainy year, soil loss and sediment 
yield were higher than average (60 and 31 versus 
52 and 27, respectively); whereas they were lower 
than average during the dry year (45 and 23 versus 
52 and 27, respectively). This result become clear 
when compared to the values of rainfall erosivity 
and precipitation which rose from the dry year to 
the average and then to the rainy year (Table 5). In 
fact, the mean R in the three situations was 149, 
414, and 820 MJ·mm·ha-1·yr-1, respectively. The 
same behaviour may be seen in the case of the 
mean precipitation (245, 532, and 832 mm, 
respectively). The difference in rainfall erosivity 
and precipitation between dry and rainy years was 
671 and 587, respectively. As a result of this 
fluctuation, soil loss and sediment yield had 
increased by 15 and 8 t·ha-1·yr-1, respectively. This 
finding implied that rainfall erosivity had a serious 
effect on erosion and sediment yield. Fig. 10 and 

Table 6 go into further detail about the difference 
between dry and rainy years. Indeed, the 
distribution of the soil loss in the dry year showed 
that the class less than 30 t·ha-1·yr-1 occurred in 76% 
of the catchment area. However, in the rainy year, 
this class accounted for just 27% of the catchment 
area, whereas the class greater than 100 t·ha-1·yr-1 
accounted for 45% of the watershed area. In the 
case of sediment yield, the class below 10 t·ha-1·yr-1 
accounted for 63% of the basin in the dry year, but 
just 24% in the rainy year. However, the class 
greater than 30 t·ha-1·yr-1 in the rainy year covered 
61% of the basin, up from 7% in the dry year. 

5    Discussion 

The RUSLE model findings highlighted the 
impact of each factor on the intensity and distribution 
of soil loss across the watershed. Moreover, the areas 

 
Fig. 9 Spatial distribution of the average annual soil loss (a) and sediment yield (b). 

Table 5 Soil loss and sediment yield in average, dry 
year, and rainy year 

Period A SY  R  P 
Average 52 27 414 532
Dry year 45 23 149 245
Rainy year 60 31 820 832

Note: A is average annual soil loss (t·ha-1·yr-1); SY is 
sediment yield (t·ha-1·yr-1); R is rainfall erosivity 
(MJ·mm·ha-1·h-1·yr-1); P is precipitation (mm). 
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with the highest potential for soil loss are those with 
high levels of one or more RUSLE factors and vice 
versa. In fact, the high rates of soil loss at the basin 
outlet and in the dam's tributaries are caused by high 
LS factor values (LS> 52). Similarly, areas with values 

greater than 120 t·ha-1·yr-1 in the north-east of the 
watershed are related to high rates of R and K factors, 
and those which are situated in the centre and south 
of the basin are related to high rates of C factor. In the 
same way, the lowest erosion values reported in flat 

 
(a) 

 
(b) 

Fig. 10 Spatial distribution of the soil loss and sediment yield in dry year (a) and rainy year (b). 
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lands are mainly due to the LS factor's behaviour in 
these areas. On the other hand, the inverse effect of 
one factor among others can affect the erosive 
potential. Indeed, despite the fact that the LS factor is 
high in the south of the watershed due to the 
complexity of the topography, the presence of dense 
vegetation has reduced the erosive potential. 
Furthermore, despite the presence of forest lands in 
the extreme south of the watershed, forest fires have 
highlighted the intensity of the erosive potential. 

The average soil loss estimated by the RUSLE 
model is 2.6 times higher than the sheet and rill 
erosion rate recorded at the scale of the experimental 
plots, which can reach 20 t·ha-1·yr-1 in the 
Mediterranean mountains (Roose et al. 2000). 
However, it is in the range of specific degradation 
recorded from hydrometric stations and dams 
distributed in Northern Algeria, which varies from 
0.64 to 76.20 t·ha-1·yr-1 (Meddi 2015). In 
Mediterranean mountains, where the study area is 
located, linear erosion is much more effective than 
sheet and rill erosion, as reported by (Roose et al. 
2000). The RUSLE model can estimate erosive 
potential at any location in space at the watershed 
scale. However it is solely meant to predict sheet and 
rill erosion, which corresponds to lands of less than 
20% slope (Wischmeier and Smith 1978). In our 
situation, however, land with a slope of less than 20% 
accounts for only 36% of the watershed. This RUSLE 
model feature is one of the reasons behind the 
obtained outcome. Another possible explanation for 
this finding is the combined influence of climate and 
relief. Meddi et al. (2016) found that the coastal 
region of Algeria specifically from the centre to the 
East, where the research zone is located, is 
characterized by high rainfall erosivity values. 
According to Demmak (1982), rainfall in the 
Mediterranean environment can be dangerous in the 
form of violent storms. Aside from the climatic 
influence, relief plays an important function in 

emphasizing the erosive potential. According to 
Mostephaoui et al. (2013), water erosion affects 14 
million hectares in Algeria, primarily in mountainous 
areas. In the Wadi El Hachem watershed, more than 
64% of the land has a slope greater than 20%, making 
the area particularly prone to water erosion. Water 
erosion can also be influenced by soil properties. In 
Algeria, Badreddine et al. (2021) found that soil 
intrinsic characteristics such as texture and organic 
content have a substantial impact on soil sensitivity, 
which can affect soil erosion. In a more in-depth 
investigation, Khanchoul and Boubehziz (2019) found 
that the K factor was negatively correlated with clay 
content, soil permeability, and organic matter (r = -
0.72, -0.64 and -0.48, respectively), while it was 
positively correlated with silt and sand content and 
soil structure (r= 0.48, 0.42 and 0.21, respectively). In 
terms of the C factor which is affected by land use 
type, built-up areas and bare soils are by far the most 
affected by the erosive process, whereas forests are 
the least affected. This outcome is consistent with 
previous studies on the same topic. According to El 
Jazouli et al. (2019), the most prominent causes of 
erosion caused by land use change are deforestation 
and conversion of land to built-up areas. Similarly, 
Ghosh et al. (2022) found that vegetated areas limit 
the intensity of surface runoff and increase the 
infiltration process, whereas built-up areas 
substantially inhibit water penetration into the soil 
and accelerate surface runoff. The average soil loss 
reported in the Wadi El Hachem watershed is nearly 
equivalent to other studies in the Mediterranean 
basin with similar conditions to the study area such as 
Tribak et al. (2012, 61.42 t·ha-1·yr-1), Lelandais and 
Fabre (1996, 60 t·ha-1·yr-1), Sadiki et al. (2004, 55.35 
t·ha-1·yr-1), Farhan and Nawaiseh (2015, 64 t·ha-1·yr-1), 
and El Hage Hassan et al. (2018, 46 t·ha-1·yr-1). 

In order to predict SY, an accurate estimation of 
SDR coupling with RUSLE findings is crucial. The 
best strategy for calculating SY in our investigation 
was to employ SDR based on Renfro's model, out of 
the four SDR models used. This model is based on 
morphometric properties of the watershed, such as 
the watershed's maximum height, height at the outlet, 
and maximum length measured parallel to the main 
watercourse. As a result of this finding, we can deduce 
that in our case, the best SDR prediction models are 
those based on the basin's morphometric properties, 
rather than the drainage area. This finding is in line 
with previous studies on the same topic (Onyando et 

Table 6 Distribution of average annual soil loss (A) and 
sediment yield (SY) classes in dry year and rainy year 

Area of A (%) Area of SY (%) 

Classes Dry  
year 

Rainy  
year 

Classes Dry  
year 

Rainy 
year 

0 - 30 76 27 0 - 10 63 24
30 - 60 17 12 10 - 30 30 14
60 - 100 5 17 30 - 60 6 24
100 - 120 1 8 60 - 100 1 20
> 120 1 37 > 100 0 17
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al. 2005; Kidane et al. 2019; Tsegaye and Bharti 2021). 
However, other studies show that the drainage area is 
the most accurate measure for estimating the SDR 
(Colman et al. 2018; Ebrahimzadeh et al. 2018; 
Thomas et al. 2018). According to the SDR value it 
can be seen that 52% of the eroded soil can reach the 
flow system, and hence the watershed’s outlet. This 
result is comparable to other works such as Fu et al. 
(2006, SDR=0.437), Behera et al. (2020, SDR is 
between 0.22 and 0.54), Ouadja et al. (2022, SDR is 
between 0.23 and 0.56) and Swarnkar et al. (2018, 
SDRs are 0.45 and 0.63). However, it may be 
relatively high compared to the results of other works 
(Hui et al. 2010; Bhattacharya and Das Chatterjee 
2021; Ben Cheikha et al. 2021) (SDRs are between 
0.19 and 0.206). This may be due to each of two 
factors. The first one is relatively limited size of our 
study area. The second one is the watershed’s hilly 
and rugged environment. Ferro and Minacapilli (1995) 
revealed that SDR is often inversely proportional to 
basin area. In the same way, Bhattacharya et al. (2020) 
noticed that SDR is lower in watersheds with larger 
drainage areas because vast regions have a higher 
possibility of trapping sediment, whereas the 
probability of sediment reaching the stream is low. 
Tsegaye and Bharti (2021) also noticed that slopes 
that are short and steep provide more sediment than 
longer and levelled ones. 

The simulation results of the soil loss and 
sediment yield in dry and rainy years, revealed that 
the rainfall erosivity is one of the main factors 
affecting soil erosion, in the Wadi El Hachem 
watershed. In reality, a rainy year is distinguished by 
more frequent and intense precipitation, which causes 
an increase in soil water content, reduced infiltration 
rates, and increased runoff (Ben Cheikha et al. 2021). 
Therefore, surface runoff is a consequence of a high 
precipitation and rainfall erosivity rates, particularly 
in mountainous areas, where the impact of slope on 
erosion and sediment yield is amplified. Meddi et al. 
(2016) reported that surface runoff is a significant 
erosion-causing factor in mountainous environments. 

6    Conclusion 

The RUSLE-SDR model is used to accomplish the 
following aims: (i) estimating the average annual soil 
loss (A) and sediment yield (SY) in the Wadi El 
Hachem watershed, (ii) mapping the RUSLE factors 
as well as A and SY, and (iii) examining the influence 
of rainfall erosivity (R) on soil erosion and sediment 
yield in dry and wet years. The soil loss results range 
from 0 to 410 t·ha-1·yr-1, with an annual average of 52 
t·ha-1·yr-1. The Renfro (1983) model was chosen as the 
best SDR model for calculating SY, with standard 
error (SE), standard deviation (SD), coefficient of 
variation (CV), and Nash–Sutcliffe efficiency (NSE) 
values of 0.38, 0.02, 0.07, and 1.00, respectively. The 
average SY in the entire watershed is about 27  
t·ha-1·yr-1. The SY map for the whole watershed 
revealed that sediment production zones are mostly 
concentrated in the Northeast of the basin, at its 
outlet, and in the tributaries of the dam. The 
combined effect of climate and topography was clearly 
seen in the results of A and SY. The findings of A and 
SY simulation in dry and rainy years showed that R is 
one of the main factors affecting soil erosion in the 
Wadi El Hachem watershed. The mean difference in R 
between dry and rainy years is 671 MJ·mm·ha-1·h-1·yr-1. 
As a result of this variation, A and SY have increased 
by 15 and 8 t·ha-1·yr-1, respectively. The findings of this 
study may be used to provide scientific and technical 
support for the Wadi El Hachem watershed's 
conservation and management plans. 
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