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Abstract 

 

Soil water erosion is one of the problems that affect the environment, 

agriculture and social life by threatening several land surfaces. The 

objective of this study is to use the USLE model, GIS and remote sens-

ing (RS) to estimate the annual rate of soil loss by water erosion in 

the Theniet El Had National Park (THNP) which belongs to the moun-

tainous ecosystem of Djebel El Meddad, located in the northwest of 

Algeria. The use of the USLE model takes into account the five factors 

controlling water erosion, namely: the rain erosivity (R) determined 

from the annual rainfall data, the soil erodibility (K) developed from 

soil survey data, the slope lengths (LS) generated by using DEM, the 

vegetation cover (C) by the use of RS data and erosion control man-

agement practices (P) by field trips. The integration of these factors 

made it possible to establish the quantitative map of the annual rate 

of soil loss varying between 0.02 and 55.10 (t/ha.year), with an aver-

age of around 6.64 (t/ha.year). Five erosion aggressiveness classes 

are used; very weak, weak, moderate, strong and very strong which 

represent a rate respectively of 23.70, 44.65, 22.72, 4.41 and 4.52 % 

of the study area surface. The areas with high and very high erosion 

rates are located in the north having a very rugged relief and low veg-

etation cover. This study can be used in the mountainous ecosystems 

and it will make it possible to set up priority intervention zones to 

combat the risk of water erosion. 
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1. Introduction 
 
Soil is an irreplaceable edaphic factor essential for agriculture. A reduction or persistent loss 

of soil productivity, through water erosion for example, can lead to desertification and land aban-
donment (Ferreira et al., 2022). Water erosion is a natural process that, over geological ages, con-
tinuously shapes the earth's surface (Markose & Jayappa, 2016). This phenomenon presents the 
most developed form of physical soil degradation that affects landforms (Nagdeve et al., 2021). It 
results from the impact of the combination of several natural factors, represented by the aggres-
siveness of the showers after a long period of drought, the soil lithology fragility, the relief with 
steep slopes, as well as the vegetation cover (Bouguerra et al., 2017), and amplified by anthropo-
genic activities such as irrational logging (Hachemaoui et al., 2022), inappropriate agricultural 
practices and overgrazing (Bouhadeb et al., 2018). Water erosion is a process starting with the 
detachment of particles under the rain splash impact (Benzater et al., 2019), then its transport by 
surface runoff and finally deposition of soil particles (Toumi et al., 2013).  

Water erosion has considerable impacts on society, the agricultural, economic, environmental 
sector and water reserves (Yesuph & Dagnew, 2019), the most significant consequences of which 
are deforestation and drop productivity of arable agricultural land (Girmay et al., 2020; Kolli et al., 
2021; Medjani et al., 2023), it reduces soil fertility by depleting nutrients (Panagos et al., 2018), 
Water runoff from eroded soils degrades the ecological environment by contributing to pollution 
and altering the quality of water sources (Hategekimana et al., 2020), silting up watercourses and 
aggravating flooding (Xu et al., 2019), causing a reduction in the storage capacity of dam reservoirs 
(Meddi et al., 2016) and drinking water (Panagos et al., 2024), and increasing rural exodus 
(Benchetrit, 1972). 

In recent decades, and with the aim of quantifying water erosion, several methods have been 
developed, associated with geomatics tools ("GIS" and "RS") (Khaoula & Sihem, 2021), offering the 
possibility of monitoring the spatio-temporal evolution of this phenomenon (Sahnoun et al., 2021; 
Vrieling, 2006). Among these methods developed by researchers, some are physically based and 
others are empirical such as the USLE model by Wischmeier and Smith (1978), the MUSLE and the 
RUSLE (Djoukbala et al., 2019), characterized by the accessibility of the data, its precision, its sim-
plicity and its robustness for the spatialization of water erosion (Bensekhria & Bouhata, 2022). 
The combination of the USLE model and spatialization techniques which are quantitative tools 
that can process and analyze the main factors acting on erosion (Koussa & Bouziane, 2019). These 
factors represent soil erodibility, land exposure and slope length, rainfall erosivity, agricultural 
practices, and vegetation cover. (Sheikh et al., 2011), to map the average annual soil loss (Toumi 
et al., 2013). The Mediterranean region is recognized as being susceptible to land degradation and 
at significant risk of desertification (Ferreira et al., 2022) It is frequent: in Algeria (Saoud & Meddi, 
2022; Mahleb et al., 2022); in Tunisia (Sonia et al., 2022); in Morocco (Bou-Imajjane & Belfoul, 
2020); in Lebanon (Hassan et al., 2018) in Italy (Rellini et al., 2019) and in Spain (Milazzo et al., 
2022). Mountainous areas are considerably vulnerable to water erosion due to their steep slopes, 
land use land cover (LULC) change and sensitive to climate change (Mandal et al., 2023; Belay et 
al., 2022).  

The objective of this study is to estimate the annual soil loss rate by water erosion and to map 
its spatial distribution in the very vulnerable mountainous ecosystem of Djebel El Meddad located 
in THNP (northwest of Algeria) using Wischmeier's empirical USLE model combined with GIS and 
RS techniques. 
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2. Materials and methods 
 

2.1 Study area   
 
The study area is THNP presenting a mountainous ecosystem. It is a protected natural area 

since 1923 following its classification as a diversified ecological site (Mairif et al., 2023). The park 
is located in Tissemsilet in the northwest of Algeria between latitude 35°51'56'' N and 35°53'04' 
N, longitudes 01°55'30'' E and 02°01'30'' E, 185 km from the capital Algiers, and 150 km from the 
Mediterranean coast, covering an area of 3424 ha with an altitude ranging from 858 m to 1787 m 
(Figure 1),  

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Location of THNP 
 

The THNP is characterized by rugged mountainous relief very sensitive to water erosion; it 
occupies the two main slopes of Djebel El Meddad (Lamine et al., 2016). The southern slope has 
more or less steep slopes of 25° maximum. On the other hand, the steep slopes estimated on av-
erage at 40° inclination are on the northern slope (Sarmoum et al., 2018). The soils of the study 
site are deep to superficial in places, poor in organic matter, with a clayey-sandy texture, found on 
both slopes of the park. They are formed as a result of deposits of particles from eroded slopes. 
The THNP is subject to the bioclimatic stage characterized by two major periods, the first cold 
during the winter months with minimum temperatures reaching -1°C and an average annual rain-
fall varying between 733 mm and 984 mm (Sarmoum et al., 2018), the snowfall in the park is very 
intense and frosts are very frequent during this period, the second is a dry period during the sum-
mer months with a maximum temperature of 30°C. The land use of the THNP consists mainly of 
cedar which occupies 3/5 of the forest stands on the southern slope, the warmest, on the other 
hand the northern slope which is the coldest and wetter, the Cedrus atlantica covers 2/3 of the 
area of this forest massif (Mairif et al., 2023). 
 
2.2 Methods 

 
In this paper, the USLE model of Wischmeier and Smith (1978) was applied to evaluate soil 

loss (A) in (t/ha.year). This method is a function of five factors in raster format affecting the rate 
of erosion, namely: rainfall, soil erodibility, slopes, the erosion control management practices and 
land use. These factors fluctuate spatiotemporally and are influenced by other input data. The 
USLE model is presented in (Eq. 1): 
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PCLSKRA =          (1) 
 

Where A is the possible average annual soil losses (t/ha.year), R is the erosivity factor of the 
precipitation characterizing the climatic aggressiveness (MJ.mm/ha.h.year), K is the factor of soil 
erodibility (t.h/MJ.mm), LS is the factor which presents the length-slope (dimensionless), C is the 
coverage factor (dimensionless) and P is the erosion control practices factor (dimensionless). In 
the present study, the spatial distribution of soil loss was obtained by combining the USLE model, 
GIS and RS techniques; the flowchart (Figure 2) illustrates the methodology adopted and the dif-
ferent data used to calculate the five soil erosion factors presented in (Table 1), the results are 
generated in the form of thematic maps and tables. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2. Methodological flowchart of the applied USLE equation 
 
Table1. The data used by the USLE model to map soil erosion  

Data type Description Data 
Format 

Data source USLE 
Factor 

Monthly and 
Annual rainfall  

Annual rainfall col-
lected by 10 pre-
cipitation station 

Excel National weather center R factor 

Soil data Soil sampling and 
the lithology map 

Vector 
(Shape) 

15 soil samples distributed 
over the study site and the li-
thology map from THNP 

K factor 

Alos Palsar DEM Resolution: 12.5 m Raster The Alaska Satellite Facility 
https://asf.alaska.edu/ 

LS factor 

Sentinel 2 
satellite image  

Acquisition Date: 
04-01-2023 

Raster European Space Agency (ESA) 
for Earth observation 
https://scihub.copernicus.eu/ 

C factor 

 
2.2.1. The R factor  
 

Rain is a key driver of soil erosion, which occurs in the absence or reduction of rainwater in-
filtration, amplifying the driving forces that uproot and carry away soil particles. The factor R 
(MJ.mm/ha.h.year) expresses the capacity of the rains to erode, the more intense and long-lasting 
they are, the more they erode the soil. Wischmeier and Smith (1978) proposed the equation to 

https://scihub.copernicus.eu/
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calculate both the kinetic energy (Ec) and the mean precipitation intensity in 30 mm for a given 
period and in a well-defined site. Due to data limitations, these hourly data are rarely available at 
rainfall stations located in this region, so it is difficult to apply this equation to calculate the R 
factor. To circumvent this constraint, the equation (Eq. 2) proposed by Rango and Arnoldus 
(1987) is used which allows the calculation of R according to the monthly and annual average 
precipitation data of 10 rainfall stations bordering our study site spread over a period of 20 years. 

 +












= 29.1

P

P
log74.1LogR

2
i

         (2) 

Where R is rainfall erosivity (MJ.mm/ha.h.year), Pi is the monthly precipitation (mm), and P is 
the annual precipitation (mm). Then, the specific results of the rainfall erosivity index R, calculated 
for each station, were spatialized by interpolation. 

 
2.2.2. The K factor 

 
The soil erodibility factor K (t.h/MJ.mm) expresses the ease with which soil particles are 

eroded by rain. This factor depends on the texture, soil organic matter content and soil permea-
bility. These properties are not available for the study site. The equation (Eq. 3) established by 
Wischmeier and Smith (1978) could not be used in this study.  

( ) ( ) ( )3c025.02b0325.0a1210M1.2K 614.1 −+−+−= −

    (3) 

Where K is the soil erodibility factor (t.h/MJ.mm), M the particle-size parameter, and is calcu-
lated by the formula M= (% of very fine sand+ % of silt x (100% clay)), a is the Organic matter 
content (% C x 1.724) and b is the soil structure and c is soil permeability. The soil data used for 
the spatialization of the K factor were extracted from the lithology map established by the THNP 
and using the Particle size analyzes carried out on 15 soil samples distributed over the study site. 
The soil textures obtained were categorized using the textural triangle in accordance to the United 
States Department of Agriculture method (USDA) (Brown, 2003), then from the correspondence 
table of Stone and Hilborn (2001), the corresponding K values were deduced for each soil texture 
(Jemai et al., 2021). 

 
2.2.3. The LS factor 

 
The LS dimensionless shows the combined effects of topography parameters on the water ero-

sion mechanism, the two important parameters which are L the length of the slope and S is the 
degree of inclination. An increase in these parameters leads to an increase in the LS factor produc-
ing higher surface runoff and greater erosion (Belasri & Lakhouili, 2016). Several formulas have 
been created to calculate the factor (Moore & Wilson, 1992). In the context of this study, the (Eq. 
4), developed by Mitasova et al. (1996) and applied by several authors (Li & Shi, 2024; Saoud & 
Meddi, 2022), has been used: 

4.14.0

0896.0

sin1745.0

13.22

A FA
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





 








 
=


      (4) 

Where FA x A is the specific area (m2/m), FA represents the flow accumulation, indicating the 
total upslope contributing area for a specific cell. A the cell size of the DEM (10 by 10 m) and θ is 
the slope (degree), With the incorporation of DEM into GIS, these parameters can be obtained to 
form the LS topographic factor. 
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2.2.4. The C factor 
 
Cover factor C (dimensionless) is based on the density and height of ground surface vegetation 

cover (Wischmeier & Smith, 1978). It is the second most important factor after the topography 
factor controlling the risk of soil erosion (Van Der Knijff et al., 2000). The C Factor represents the 
effect of cultural practices and plant cover on reducing soil loss (Wang et al., 2002), where vege-
tation ensures the absorption of raindrops, slowing down runoff and infiltration. Generally, the 
values of the cover factor C vary from 0.001 for well-covered soils up to 1 as the maximum value 
for bare soils. Many methods have been developed to estimate the C factor using the NDVI (The 
Normalized Difference Vegetation Index) derived from satellite images (Ostovari et al., 2020). 
NDVI is frequently used to study the influence of land surface temperature (LST) on vegetation 
cover (Ullah et al., 2023; Sandholt et al., 2002). LST is also impacted by land use land cover (LULC) 
types through reflectance and surface roughness (Ullah et al., 2023; Li et al., 2017). The NDVI is 
calculated as a ratio between the spectral reflectance in red (R) and the spectral reflectance in 
near infrared (NIR) values (Eq. 5), obtained under GIS from the Sentinel 2 satellite image acquired 
in December of the year 2022 with a spatial resolution of 10 meters. 

 

REDNIR

REDNIR
NDVI

+

−
=

         (5) 

The regression relation (Eq. 6) of Van Der Knijff et al. (2000) was applied for the calculation of 
the factor C: 

 



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

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−
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          (6) 

Whose parameters α, β determine the shape of the curve connecting the NDVI to the factor C. 
Van Der Knijff et al. (2000) proposes α the value 2 and β the value 1 in accordance with numerous 
works (Tashayo et al., 2020). 

 
2.2.5. The P factor  

 
The P factor (dimensionless) is the rate of soil loss (Renard et al., 1997) and takes into account 

human practices which preserve the soil against water erosion, for example the shape of contour 
lines, strip crops contour, earthworks and ridging (Wischmeier & Smith, 1978). The value of the P 
factor generally varies from 1 for bare soils on which no erosion control practices have been used 
and 0 in soils with low slope, managed and well protected (Ganasri & Ramesh, 2016). However, 
given the fact that there are no erosion control practices adopted throughout the study area, the 
number 1 was assigned to the factor P over all THNP regions. 

 
3. Result and discussion   

 
3.1. R factor results 

 
The results of the rainfall erosivity index R, calculated from the measurements of the 10 rain-

fall stations bordering the THNP and then interpolated (Figure 3), show that the values vary from 
75.78 (MJ.mm/ha.h.year) in the southern to 79.92 (MJ.mm/ha.h.year) in the Northern of THNP, 
with an average of 77.68 (MJ.mm/ha.h.year).     
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Figure 3. R factor map of the THNP 
 

The rain erosivity index map makes it possible to delimit five classes of erosivity according to 
their aggressiveness coded from 1 to 5 (Table 2), in terms of areas, more than 77.50 % of the 
values of the THNP rainfall erosivity index R are greater than 77 (MJ.mm/ha.h.year), while the rest 
of the park shows values lower than 77 (MJ.mm/ha.h.year). 
 
Table 2.  The R factor classes in the THNP 

ID R factor Area (ha) Area (%) 

1 < 76 99 2.90 
2 76 – 77 660 19.50 
3 77 – 78 1410 41.00 
4 78 – 79  995 29.00 
5 > 79 260 7.60 

 
3.2.  K factor results 
 

The spatialization of the K factor shows that the values of erodibility in the THNP differ ac-
cording to the type of soil (Figure 4). These values were derived from the Stone and Hilborn 
(2001) table by assigning to each soil texture the value of the factor K (Table 3). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4. K factor map of the THNP 
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Table 3. Values of the K factor by soil type in the THNP 

ID Lithology K factor (t.h/MJ.mm) Area (ha) Area (%) 

1 Heavy clay 0.022 30.25 0.90 
2 Clay 0.029 3126.79 91.30 
3 Sandy clay 0.039 266.96 7.80 

 
The results show that the soil texture is mostly clayey and the values of the K factor indicate 

that only 0.90 % of the THNP has a low erodibility of 0.022 (t.h./MJ.mm) for soils with a heavy clay 
texture, 91.30 % of the area of the study area has an average erodibility of 0.029 (t.h./MJ.mm) for 
the texture of the clay which is the most dominant and that the high values of the K factor repre-
sent 7.80 % of the soils of the THNP characterized by a sandy clay texture most vulnerable to 
erosion with a value of 0.039 (t.h./MJ.mm). 
 
3.3.  C factor results 
 

The results of Factor C in the study site (Figure 5) are generated from the NDVI vegetation 
index which is a reliable and efficient tool (Ostovari et al., 2017). The analysis of the distribution 
map of five classes (Table 4), taken from the resulting map, shows that the values range between 
0.2 and 0.8, with an average of 0.34., classes 0.2-0.4 dominate by a significant rate of vegetation 
cover 72 % of the area of the THNP. The heavily vegetated parts, generally covered with forest 
massifs, are assigned by the lowest values of C (<0.2) that covers 9.8 % of the THNP area, repre-
senting a better soil erosion protection, in contrast the highest values of the C factor (>0.8) which 
represents 0.7 % of the THNP area concern the parts with bare soils or low vegetation cover which 
are highly erodible soils. On the other hand, the parts whose factor C is between 0.2 and 0.8 are 
soils covered by moderately dense vegetation. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5. C factor map of the THNP 
 
Table 4. The C factor classes in the THNP  

ID C factor Area (ha) Area (%) 
1 < 0.2 337.35 9.8 
2 0.2 - 0.4 2125.25 62.1 
3 0.4 – 0.6 759.30 22.2 
4 0.6 - 0.8  178.20 5.2 

5 > 0.8 23.90 0.7 
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Water erosion depends on land use, a wooded soil slows down the kinetic energy of rain and 
intercepts part of the precipitation, leading to the reduction of soil erosion and the ecological res-
toration of the park. It is necessary to use anti-erosion techniques such as afforestation and in-
tense reforestation which fix the soil and restore its stability. 
 
3.4. LS factor results 
 

The topographic factor LS changes based on the length of the slope (L) and the steepness of 
the incline (S). Therefore, the map obtained presents seven classes (Figure 6). LS values vary from 
0 to 103.6 with an average of 2.70. The examination of the results shows that 35 % of the total 
area of the THNP (Table 5) representing minimum classes from 0 to 1, distributed over the study 
site, are generally located in the high altitude parts characterized by a low slope, which are not 
very sensitive to the erosion phenomenon, the greater part of 50 % of the area is occupied by the 
moderate classes between 1 and 5 %,  the remaining 15 % scattered in the THNP correspond to 
the upper classes from 5 to 103.6, generally located in the high altitude parts with high slopes 
accelerating the runoff and, consequently, the water erosion process. This phenomenon, which 
depends on the nature of the soil, geology, and protection by plant cover, the implementation of 
hydraulic developments such as hedges and benches and terraces, proves effective in mitigating 
excessive runoff and protect the soil against this scourge. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 6. LS factor map of the THNP 

 
Table 5. The LS factor classes in the THNP  

ID LS factor Area (ha) Area (%) 
1 0 - 0.5 779.30 22.76 
2 0.5 - 1 420.70 12.29 
3 1- 2.5 1024.30 29.92 

4 2.5 - 5 690.40 20.16 
5 5 - 10 350.90 10.25 
6 10 - 20  121.10 3.54 
7 20 - 103.6 37.30 1.09 
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3.4. P factor results 
 

Throughout the THNP the P factor was set at the value 1, since the anti-erosion measures cover 
modest areas not observed on the Sentinel 2 satellite images. 
 
3.5.  Annual soil loss results 

 
The combination of the resulting maps of the different factors (R, K, C and LS) that make up 

the USLE equation of Wischmeier and Smith (1978) helped to establish the map of factor A, which 
indicates the average annual soil loss values in (t/ha.year) (Figure 7). The spatial distribution of 
soil losses shows that the THNP presents variability in terms of soil erosion according to the in-
fluence of the various factors controlling the phenomenon. For improved spatial visualization, the 
soil loss map has been divided into five classes based on their levels of aggressiveness (Table 6). 
Analysis of the results indicates soil losses varying between 0.02 and 55.10 (t/ha.year), with an 
average value 6.64 (t/ha.year) (Table 7).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 7. Annual Soil loss map of the THNP 
 
Table 6.  The Annul soil loss classes in the in the THNP 

Annul soil loss (t/ha.year) Erosion classes Area (ha) Area (%) 

< 1 Very low 811 23.70 
1 - 7 Low 1529 44.65 
7 -20 Moderate 778 22.72 

20 - 35 High 151 4.41 
> 35 Very high 155 4.52 

 
Table 7. Descriptive statistics of USLE results 

Statistics R (MJ.mm/ha.h.year) K 
(t.h/MJ.mm) 

LS 
(-) 

C 
(-) 

A 
(t/ha.year) 

Maximum 79.92 0.0395 103.559 0.9854 55.01 

Minimum 75.78 0.0223 0 0.0310 0.02 
Mean 77.67 0.0297 2.70 0.3405 6.64 
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A percentage erosion class of 23.70, distributed over the total area of the study area, whose 
soil loss values are between 0.02 and 1 (t/ha.year), represents a very low concentration, which 
coincides with the low LS values associated with a more or less dense forest vegetation cover, 
These soils are noticeably very weak to erosion, the map analysis indicates a predominance of 
soils with low loss rates, which varies between 1 and 7 (t/ha.year) distributed over 44.65 % of the 
entire study area,  the class varying between 7 and 20 represents an average erosion of around 
22.72 %, these two classes are characterized by moderate LS values and forest vegetation cover, 
while the classes respectively with strong erosion between 20 and 35 and very strong erosion 
between 35 and 55.10 cover the northern part of 8.93 % of the surface of the THNP, where pre-
cipitation erosivity values (R>79) coincide with bare soils or soils with low vegetation cover 
(C>0.6), characterized by a very rugged relief with LS values (> 5), these sandy clay-textured soils 
with high K values are sensitive to the phenomenon of water erosion (Saoud & Meddi 2022; Ogawa 
et al., 2021). 

Several studies on water erosion, carried out in mountainous ecosystems in different regions 
of the world, with similar environmental and climatic characteristics showing harmonic results 
with those obtained in the THNP. The work of Peng et al. (2022) carried out in the Qilian Mountain 
National Park located in North West China resulted in soil losses between 4.89 to 23.64 
(t/ha.year), similar values were obtained by Shrestha (1997) in the mid-mountain region in the 
Nepalese Himalayas with a rate of 1 to 56 (t/ha.year). In the Alpine North-West of Italy, Stanchi et 
al. (2015) estimated rates from 0 to 26 (t/ha.year). In Ethiopia, Tamene et al. (2017) estimated 
this rate of 0.4 to 88 (t/ha.year), Wagari and Tamiru (2021) found the average annual of soil loss 
from 0.0 to 76.5 (t/ha.year) in Abay River Basin. The work of El Jazouli et al. (2017) in Ikkour 
watershed in the Middle Atlas of Morocco obtained annual soil loss varying between 0.0 to 70.66 
(t/ha.year). In Oued El Hamma catchment south-eastern of Tunisia,  Jemai et al. (2021) found a  
mean soil loss rate approximately 0.2  (t/ha.year) and  estimated rates of 0.0 to17 (t/ha.year) in 
Matmata mountainous regions. In Algeria, similar results were found spread across the entire ter-
ritory. In the North-East, Medjani et al. (2023) obtained rates which vary between 1 to more than 
10 (t/ha.year) at the Tunisian border, and those of Bouhadeb et al. (2018) in the Bou Namoussa 
slope in El-Taref, showed rates varying between values less than 2 to greater than 20 (t/ha.year), 
in the Algerian Center, Koussa and Bouziane (2018) obtained loss values varying between 1.5 and 
23 (t/ha.year) in the regions of Hassi bahbeh and Masàad. Finally, and in southwest Algeria, 
Melalih and Mazour (2021) reported values between 0 and 50 (t/ha.year) in the watershed of the 
Ksour mountains in Ain Sefra. 

This study made it possible to estimate soil erosion rates in the THNP ; some of these particles 
will be transported to the watercourse and then their deposits, which is a factor in the siltation of 
dams of Beni Chaib and that of Meghila located downstream of the Park. The results provide in-
formation that can be a decision-making tool in developing strategies to mitigate the effects of 
land degradation. These results can be applied to the northern part of the THNP, a very vulnerable 
area, to minimize the impact of this phenomenon. Improving soil stability, reducing erosion and 
promoting biodiversity through the planting of native trees can contribute to the restoration of 
degraded ecosystems. In addition, the implementation of phytotechnical and hydraulic develop-
ments such as hedges and benches and terraces, proves effective in mitigating excessive runoff 
and protecting the soil against this scourge.  
 
4. Conclusions 
 

This study is carried out with the aim of estimating soil losses causing the risk of degradation 
of a mountainous ecosystem located at the THNP in northwestern Algeria using the USLE equation 
by integrationg GIS and RS techniques to develop a water erosion risk map. The THNP presents 
two main exhibitions; the North is more vulnerable to water erosion, characterized by a very high 
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degree of rain erosivity, compared to the South where there is a mountain massif constituting a 
barrier against rainfall between the two slopes north and south. The South-West and East parts 
are moderately vulnerable compared to the others. These results provide information on the spa-
tial distribution of the phenomenon allowing the identification of areas at risk of degradation of 
the Park, priorities for intervention through soil conservation measures to curb this scourge and 
ensure sustainable management of these soils. The results from this model showed spatial varia-
bility in soil losses in the THNP. They showed that the classes with very low (<1) (t/ha.year) and 
low (1-7) (t/ha.year) erosion risk occupy respectively 23.70 % and 44.65 % of the THNP and rep-
resent almost all of the study area. 22.72 % of the soils of the study site are classified as moderate 
at risk of erosion (7-20) (t/ha.year), while the high erosion risk class (20 – 35) (t/ha.year) repre-
sents 4.41 %, the class characterized by a very high erosion risk (>35) (t/ha.year) covers 4.52 % 
of the THNP soils. According to the resulting soil loss map, the class with a very high risk of erosion 
is observed in the northern part of the THNP due to the very rugged relief characterized by soils 
bare or with low vegetation cover, however the classes with very low and low erosion risk are 
distributed over the study area in areas with low slopes associated with a more or less dense for-
est vegetation cover. Application of the USLE model has proven its effectiveness as a simple and 
practical tool for soil erosion risk assessment when integrated with GIS and RS techniques, at the 
same time; it provides useful information to decision makers to make informed decisions to con-
trol the risk of erosion. Managing soil erosion and protecting the THNP are crucial aspects to pre-
serve its ecological integrity and the sustainability of its ecosystems. This study allowed us to carry 
out an in-depth assessment of the erosion risks in this park and to classify the areas according to 
their vulnerabilities. In perspective, this work will be applied with other comparative methods, 
taking into account the dynamics of land use, it would be possible to consider spatio-temporal 
monitoring of the factors C, K, R and LS to refine the estimate land loss. 
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