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Abstract: The problem of soil water erosion is one of the primary causes of agro-pedological heritage
degradation. The combined effect of natural factors and inappropriate human actions has weakened
the soil, which seriously threatens the region’s fertile lands and soils, which can ultimately lead
to an irreversible situation of desertification. This study focuses on analysis and mapping of the
vulnerability to erosion in Oued el-Hai watershed, Algeria, based on a technical methodology that
combines the universal soil loss equation (USLE) with the geographic information system (GIS)
tools. The results are organized into three main classes of different rate values, from one area to
another, depending on the influence of different factors that control the erosion process. The highest
loss rate value is greater than 30 t·ha−1·yr−1 and covers 23.2% of the total area, mainly located in
the mountainous areas with steep slopes. However, the minimum potential erosion rate value is
mainly located on the plain, with an average of 10 t·ha−1·yr−1 covering 45.2% of the total area of
the watershed. The estimate of potential water erosion has given alarming results. The total area
of the watershed could lose a rate of 16.69 t·ha−1·yr−1 (on average) each year. The method and
results described in this article are valuable for understanding the soil erosion risk and are useful
for managing and planning land use that will avoid land degradation. Hence, the results of this
study are considered an important document which constitutes a decision support tool in terms of
the management and protection of natural resources.

Keywords: Oued el-Hai; Eastern Algeria; soil water erosion; USLE; GIS; watershed; vulnerability

1. Introduction

Soil is a food resource for more than 7.5 billion inhabitants, a support of human
activities, a purification system and a water reserve. It remains largely unknown by those
who use it directly and on a daily basis. Soil is increasingly threatened by multiple physical,
chemical and biological degradations. The loss of productive soils will amplify food price
volatility and potentially push millions of people into poverty. The careful management of
soil can increase the food supply, provide support for climate regulation and a pathway to
safeguard ecosystem functions [1]. The main threat to soils is erosion by wind and water,
as highlighted by the latest United Nations publications, namely the state of soil resources
in the world [2], where soil erosion has been identified as one of the major soil threats.
Water erosion of soils has become a global problem, where accelerated forms of soil erosion
have become a widespread phenomenon and pose a major challenge to achieving the
United Nations Sustainable Development Goals [3].

Climate change and ever-increasing erosion in many regions of the world, and espe-
cially in arid and semi-arid environments, lead to the degradation of the living conditions
of residents and disastrous consequences for natural resources and the population [4].
In Algeria, soil resources are seriously threatened by water erosion [5–12]. Annual water
losses due to siltation in dams are estimated at around 20 million m2 [13], with an average
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annual specific erosion varying between 2000 and 4000 t/km2 [14]. However, the inten-
sity of water erosion varies from one region to another: it varied from 47% in the west,
27% in the center and 26% in the eastern part of the country [15]. In 2011, the Ministry
of Agriculture and Rural Development and Fisheries (MARDF) estimated that around
14 million hectares of mountain areas in the north of the country were degraded by water
erosion. The various bathymetric surveys, carried out over the period 1986–2008 by the
National Agency for Dams and Transfers on all of 59 dams in operation, showed that the
volume lost by siltation was 898 Mm3 or 13.4% of total volume holdbacks (Ministry of
Water Resources, 2010) [16].

The modeling and forecasting of soil erosion by water has more than seven decades of
history. There are many different models; some are simple, and some are more complex,
such as the Soil Erosion Model for Mediterranean Regions (SEMMED) [17], the revised
model of Morgan, Morgan and Finney (RMMF) [18], the Water Erosion Prediction Project
(WEPP) [19], the Soil and Water Assessment Tool (SWAT) [20], and the European Soil
Erosion Model EUROSEM [21], as well as the update of existing empirical approaches.
Currently, the universal soil loss equation (USLE) [22] and revised USLE (RUSLE) [23] are
the most widely applied soils erosion prediction models in the world (have been applied
in 109 countries) and under many different conditions. It has been most often applied
for over 80 years due to its robustness, simplicity, high degree of flexibility, accuracy and
accessibility of data [24–27].

In order to assess the effects of soils water erosion, we used the USLE/RUSLE
model, which is one of the most widely used methods in the Mediterranean region:
in Algeria [8,11,28]; in Turkey [29,30]; in Morocco [31,32]; in Spain [33]; in Italy [34,35];
in Tunisia [36]; and in Ethiopia [37]. There are many other similar studies on land degrada-
tion due to soil erosion [38,39]. The above-mentioned studies show the limitations of the
RUSLE model. The estimation of potential soil erosion is improved by the development
of the RUSLE model. The RUSLE model has different input factors that can be taken
from the literature or from statistical and empirical data by integration with GIS. Results
generated by RUSLE are valid for the estimation of soil erosion due to water. Estimation of
the quantity of soil erosion is important because the results of this study will be beneficial
for researchers and engineers to plan for the control of soil loss in the future. The RUSLE
model based on GIS was also used in similar studies [40,41] and provides quantitative
data of soil erosion. The method involves applying all factors of the RUSLE equation
to georeferenced data. Incorporating remote sensing data and GIS techniques with the
USLE/RUSLE model offers researchers the ability to predict the average annual rate of soil
erosion at local, regional and national scales. The Oued el-Hai watershed is considered to
be a typical area of water erosion, due to many erosion factors, such as climate, geology,
topography, plant cover and soil conditions.

The main objective of this study is the quantitative estimation of sensitivity to soil
erosion in the Oued el-Hai watershed (NE Algeria). The maps are produced with the
integration of remote sensing data and GIS tools using the RUSLE model. The maps will
identify the intensity of erosion in different parts and their influencing factors in more
concrete standings. To fight against and prevent this phenomenon of soil degradation, it is
important to define the risk degree of water erosion and factors that control it. Producing
accurate water erosion risk maps helps decision makers adopt best strategies in land
rehabilitation and erosion control projects, such as the sustainability of dams, ecosystems,
and better agriculture production.

2. Study Site Location

The watershed of Oued el-Hai represents one of the three largest valleys of the Aurès
massif in Eastern Algeria, with an impluvium of nearly 1660 km2. It is part of the large
watershed of Chott Melghir. It is located in the southern mountain slope of Aurès, be-
tween the longitudes 5◦30′ and 6◦17′ east and the latitudes 35◦5′ and 35◦35′ north. It is
bounded to the north by the Constantine highlands watershed, to the east by the Oued
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Abdi watershed, to the west by the Chott El-Hodna watershed (Figure 1). It is elongated in
a NE–SW direction.

Figure 1. Location map of Oued el-Hai watershed.

The Oued el-Hai watershed is characterized by a series of massifs of a NE–SW orienta-
tion, with a decrease in the altitude from north to south, such as the Belezma mountains to
the north in which the maximum altitude reaches 2091 m at Dj. Tuggurt. To the west are the
Metlili mountains (peak reaches 1496 m). To the south is Dj. Bous at 1789 m, while to the
east is Dj. El Malouat2091 m and Dj. El Rherahat1865 m. The prevailing climate is semi-arid
to arid, and the precipitation is most often in form of violent and short thunderstorms.
The irregularity of rains can occur during the same year or from one year to the next.
The natural vegetation of the Oued el-Hai watershed belongs to the arid and semi-arid
bioclimatic stage. It is presented in a very degraded form on heights, such as Aleppo pine,
Juniper, Holm Oak and Thuja. On the lower slopes, areas not prepared for agriculture
use are covered by Alfa and Mugwort. The bottom of the valley is of a gentle slope and
occupied by very modest cereal cultivation.

The different geological units extend from Quaternary to Triassic, of which the main
formations belong to the Cretaceous [36]. The geological formations are very variable:
basically, sedimentary rocks, such as more or less hard limestones, sometimes dolomitic,
and marly rocks strongly altered on the surface mainly due to the very harsh climate of the
region. The fields occupied by alternating between gray and green marl and clear massive
limestone, outcrop at Djebels Tuggurt, Ich Ali and Metlili. The massive limestones occupy
the half-block of El Kantara with a thickness of 340 m, Djebels Bouss and El Malou. Hard
sandstones and soft marls containing gypsum crystals, outcrop in the extreme north of the
basin (Jebel Tichao). Therefore, Oued El-Hai watershed is characterized by components that
promote onset of all forms of erosion. Altitudes decrease from upstream to downstream
with a vertical drop of 1714 m. The slopes are medium to steep, where the class of slope
ranging from 0% to 3 % and 4% to 12% presents 42.96%, whereas the class of slope ranging
from 12.5% to 20% presents 48.84% of the total area. Rock formations are of medium to
low resistance to erosion. Additionally, soils are skeletal, little evolved with raw minerals
and poorly protected by degraded to very degraded vegetation, particularly scrubland.
All these factors prove that the study area suffers from the phenomenon of erosion.
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3. Materials and Methods
3.1. Sources of Data

The important input parameters used in this study were rainfall, soil and land use (Table 1).

Table 1. Source of data and description.

No Data Type Source Description

1 Rainfall data National Weather Center
Precipitation data for 30 years

(1984–2014) of five
precipitation stations

2 Soil data Aures soil map
Laboratory field sample analysis results

The soil map prepared by
BNEDER (1984)

3 SRTM–DEM https://earthexplorer.usgs.gov/
(accessed on 2 January 2022)

N35E005.hgt
23 September 2014

N35E006.hgt
23 September 2014

Resolution 30 m

4 Land use Satellite image (Landsat)
Vegetation cover map

Extracted from satellite image
and vegetation cover map

3.2. Method

Several soil erosion models exist with varying degrees of complexity. One of the most
widely applied empirical models for assessing the sheet and rill erosion is the universal soil
loss equation (USLE), developed by Wischmeier and Smith in 1965.The adopted methodol-
ogy is based on the estimation of (USLE) parameters. This method of analysis allows us to
develop cartographic documents in order to fully understand the areas subjected to water
erosion risk. It is an empirical model that combines factors that have a direct or indirect
impact on the rate of the non-linear water erosion of soils. Therefore, the RUSLE model was
selected and applied in the study area, as it requires land use, a land cover map that can
be generated by remote sensing images, management practices, soil types and properties.
The other advantage of a selection of RUSLE is that the parameters of this model can be
easily integrated with GIS for better analysis. The overall methodology used in the present
study is schematically represented in Figure 2.

Figure 2. Flow chart of methodology.

https://earthexplorer.usgs.gov/
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When combined with GIS techniques, the revised WISCHMEIER equation [42] allows
not only to estimate the rate of gross soil loss, but also to analyze its spatial distribution.
According to the USLE model, erosion is a multiplicative function (Equation (1)) taking into
account rainfall erosion (factor R) by resistance of the environment (factors C, K, LS, and P).
Each factor is a numerical estimate of a specific component that affects the severity of soil
erosion at a given location. Five factors are used to calculate soil losses (A): precipitation
aggressiveness (R), soil erodibility (K), topography (LS), land cover (C), and anti-erosion
practices (P).So the equation is in the form:

A = R·K·LS·C·P (1)

A = Average annual soil loss (metric t·ha−1·yr−1).
R = Rainfall Erosivity Factor (Mega Joules mm/ t·ha−1·yr−1).
K = Soil erodibility index to water erosion (metric t/ha/MJ/mm).
LS = Topographic factor depending on the slope and its length (L in meter and S in%).
C = Land cover.
P = Conservation and development factor.

4. Results and Discussion
4.1. Rainfall Erosivity Factor (R)

Rain is the main factor in water erosion. Its erosivity depends mainly on its quantity
and intensity or on the kinetic energy which results directly from it. Rain erosivity is often
quantified using the R factor of the equation in [43]. In calculating this parameter, we used
the maximum intensity of precipitation for 30 min (I30) as well as rain kinetic energy, for
all heavy rains exceeding a certain rainfall threshold (E30) (Table 2). As these data are
generally not available at conventional weather stations, a simplified method was used to
estimate the R factor. According to [37], a good correlation (r2 = 0.95) was found between
the average of E30, I30 and the product of annual precipitation multiplied by rains that fell
during 1 h and 24 h with a period recurrence of 2 years. In this sense, Wischmeier proposed
another formula [38]:

R = K·Cn (2)

C = h1·h24·H (3)

Table 2. Distribution of rainfall in Oued el-Hai watershed.

Station/Parameters Pj Avg (mm) Standard Deviation (mm) H Annual (mm)

Djamourah 27.01 2.754 164.2
Segana 28.24 4.594 183.69

Ain Touta 32.37 3.872 262.37
Tazoult 35.33 5.142 353.0

Chaabet.O.Chlih 40.32 6.14 413.80

R: Rainfall erosivity factor (MJ·mm·ha−1·h−1·yr−1).
C: Rainfall factor. Calculated by the multiplication of h1, h24 and H.
h1: Maximum height of fallen rain in 1 h with a recurrence of 2 years (cm).
h24: Maximum rain height of 24 h with a recurrence of 2 years (cm).
H: Average annual rainfall height (cm).
K, n: climate-related coefficients (in sub-humid to semi-arid climates, K = 0.751, n = 0.80).
In order to determine the fallen precipitation during heavy rains of different duration

(t) and desired frequency (ht%), the Montana-type formula [39] is applied.

ht% = hj%

(
t

24

)b
(4)

CV =
ecar t− type Pj

⇀
Pj

(5)



ISPRS Int. J. Geo-Inf. 2022, 11, 84 6 of 15

Pj% =

⇀
Pj√

CV2 + 1
(6)

t: duration;
ht: desired frequency;
hj%: maximum daily frequency rainfall, determined after adjusting series of maximum

daily rainfall to Gumbel’s theoretical law (see Table 2);
Pj: daily precipitation;
⇀
Pj: average daily precipitation;
b: climatic exponent determined by adjusting Gumbel law of short-term rains recorded

in 20 stations equipped with a pluviograph:

b = 1−
(

InI2 − InI1

Int2 − Int1

)
(7)

I1 = 25
(mm

h

)
, t1 = 0.5(h), I2 =

⇀
Pj

24
(mm/h), t2 = 2(h) (8)

The values of R for five stations are presented in Table 3 down below.

Table 3. Values of rainfall erosivity factor for five stations.

Parameters/Station Djamourah Segana Ain Touta Tazoult Chaabet.O.Chlih

Pj avg (mm) 27.01 28.24 32.37 35.33 40.32
Standard deviation 2.754 4.594 3.872 5.142 6.14

CV 0.102 0.163 0.119 0.146 0.152
Pj% (mm) 26.87 27.88 32.14 34.97 39.864

b 0.20 0.21 0.25 0.27 0.30
h1 (cm) 1.428 1.428 1.452 1.482 1.527
h24 (cm) 2.687 2.788 3.217 3.497 3.986
H (cm) 16.42 18.369 26.237 35.30 41.380

R (MJ·mm·ha−1·h−1·yr−1) 20.65 23.27 35.15 48.48 62.60

The application of kriging was carried out by a simple kriging-type interpolation
method under Geostatistical Analyst of ArcGis software for the development of R map
(Figure 3). In the watershed that is the subject of our study, the R value varies from 21 at the
outlet to 62.57 on Jebel Tuggurt with an overall average of 40.3 (MJ·mm·ha−1·h−1·yr−1).

4.2. Soil Erodibility (K)

The nature of soil is a major parameter of erosion since the removal of particles directly
depends on the properties of soil and subsoil. The data available for K factor calculation
were the soil map. It was possible to obtain the K factor for a type of soil from the results of
soil analyses. It was possible to determine the percentages of clay, silt, sand and organic
matter of each major type of soil, by taking samples and then generalizing on the concerned
type. The repetition of experiments on different types of soils enabled [22] to develop an
equation for calculation of soil erodibility:

100K = 2.1·M1,14·(10−4)·(12 − a) + 3.25·(b − 2) + 2.5·(c − 3) (9)

M: calculated by the formula M = (% fine sand + silt). (100 − % clay);
a: percentage of organic matter;
b: permeability code;
c: structure code.
The soils erodibility index of the Oued el-Hai watershed varies from 0.27 to 0.44 in

wind input soils and 0.008 to 0.27 in alluvial input soils (Figure 4). We noticed that the
forest areas have deferent granulometric characteristics compared to other lands of the
same type, in particular, its organic matter components.
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Figure 3. Map of rainfall erosivity factor (R) unit (MJ·mm·ha−1h−1yr−1).

Figure 4. Soil erodibility map (K).
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4.3. Topographic Factor (LS)

The topographic factor LS of [22] gives satisfactory results as to influence of length
and inclination of slope in the erosion phenomenon (Figure 5). It therefore takes into
account two elements: inclination (S) and slope length (L). These two factors are most
often combined into a single dimensionless factor (LS). The topographic factor (LS) was
calculated by [22] by the following formula:

LS = (L/22.13)m·(0.065 + 0.045·S + 0.065·S2) (10)

Figure 5. Topographic factor map (LS).

L is the slope length in m;
S is the incline of the slope in %;
m is a parameter such that m = 0.5 if slope is >5%; m = 0.4 if slope is 3.5 to 4.5%; m = 0.3

if slope is 1 to 3% and m = 0.2 if slope is <1%.

4.4. Land Use Factor—Plant Cover (C)

Factor C considers land use (plant cover, development and agricultural practices).
In fact, the erosion more particularly affects certain types of crops, while it is less severe
or simply absent for certain activities and developments. The type of vegetation cover
must absolutely be considered since the damping of raindrops, the slowing of runoff and
infiltration depend on it. The factor C is defined as a ratio of soil loss on land cultivated
under specific conditions to corresponding soil loss on fallow land [44]. It can be calculated
using Table 4 below.
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Table 4. Factor C according to [45].

Vegetation Cover Type C Vegetation Cover Type C

Dense reforestation 0.058 Clear Matorral, dense course 0.20
Moderately dense forest 0.13 Very degraded Matorral 0.22

Degraded Matorral, dense course 0.17 Steppes in alfa 0.32
Clear reforestation 0.18 Cereal cultivation 0.70

The land use map for the studied watershed was established by interpretation of
satellite images using GoogleEarth (Figure 6). A visual digitization work was assisted by
cartographic documents collected from the forest conservation service and the National
Bureau of Studies for Rural Development (NBSRD). The quality of work is considered
satisfied after a comparison of results obtained with observations and knowledge of field.

Figure 6. Land use factor map (C).

4.5. The Anti-Erosion Practical Factor (P)

Contour, alternating strip or terraced crops, bench reforestation and ridging are the
most effective soil conservation practices. The values of P are less than or equal to 1. A value
of 1 is assigned to land on which none of the above practices are used. The values of P vary
according to the adopted practice and also according to the slope. Throughout the Oued
el-Hai watershed, there are no anti-erosion facilities, and farmers do not use anti-erosion
cultivation practices. The crops are mainly cereals, and the plowing is rarely parallel to the
contour lines. There are some attempts to rehabilitate forests by reforestation, but not in
benches. In this context, the value (P = 1) is assigned to the entire area of the basin.

Soil erosion is an alarming and very serious problem, especially in the study area,
where different factors contribute to the rapid erosion of soil. Factors, such as steep slope
of the region, very erodible soils, alarming degradation of the plant cover, and climate
cause the issue of soil erosion. The study area is fed by precipitation most often in the
form of violent and short thunderstorms [46]. For the estimation of soil loss in the study
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area, the revised universal soil loss equation (RUSLE) model was used in combination with
geographic information system (GIS).

It is not possible to calculate the soil loss by using conventional methods due to the
high cost, and because they are time consuming [47]. Therefore, the revised universal soil
loss equation (RUSLE) model is most widely used because it is simple, easy, and requires
less data and time. RUSLE is a straightforward and empirically based model that has
the ability to predict the long-term average annual rate of soil erosion on slopes using
data on rainfall pattern, soil type, topography, crop system and management practices.
The integration of the RUSLE model with GIS data generates more accurate results.
This model can easily be implemented, and required data are easily available for most
countries. The use of GIS allows us to map the spatial distribution of soil erosion risk.

In the present research, a soil erosion rate map was generated for the Oued el-Hai
watershed. Several data sources were used for the generation of RUSLE model input factors
and were stored as raster GIS layers in the ArcGIS software. Potential soil loss is estimated
from the product of factors (R, K, LS, C and P), which represents the geo-environmental
scenario of the study area in the spatial analyst extension of Arc GIS software.

We analyzed each of the five main factors responsible for the erosion phenomenon
in our study area. We integrated the results of these analyzes into a general model and of
quantified soil losses. The crossing of data taken into account in erosive process is based on
a combination in a mesh model. Each information layer is represented by a “raster” image,
where the value of each cell is equal to a sensitivity level to erosion for the considered
parameter. This level of sensitivity is represented by a value defined previously and also
different for each parameter. All of these images constitute a multi-varied space. The data
are crossed by multiplying values of the five factors R, K, LS, C and P in the “raster
calculator” of ArcGIS Spatial Analyst module. The result of this multiplication is a “raster”
layer giving the amount of potentially erodible soil in t·ha−1·yr−1 over the entire study area.
The values obtained are grouped into classes for the purposes of map legibility (Figure 7).

Figure 7. The erosion map of Oued el-Hai watershed presenting three main classes of soil loss rate
and their geographic distribution.
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The adopted classification is based on the soil’s tolerance to loss. It assumes that on
average, the soils can tolerate losses of up to 10 t·ha−1·yr−1 while allowing a high level of
agricultural production. Above 30 t·ha−1·yr−1, the loss is high and the soils are severely
degraded, which can adversely affect production. In the Oued el-Hai watershed, the results
obtained are organized into three classes (see Table 5).

Table 5. Soil loss classes mainly presented in the study area.

Class Area (km2) Percentage (%)

Less than 10 t·ha−1·yr−1 750.3 45.2
From 10 to 30 t·ha−1·yr−1 524.5 31.6%

Greater than 30 t·ha−1·yr−1 385.1 23.2%
Total 1660 100

Class 1. The soil loss rate is less than 10 t·ha−1·yr−1 and covers 45.2% of the total area
of the watershed. It occupies the plains of Ain Touta and El Kantara because of the low
slope and is also located under the dense and moderately dense forests of Jebel Tuggurt
and Jebel Garouaou.

Class 2. The loss is 10 to 30 t·ha−1·yr−1, and it represents 31.6% of the catchment
area. It concerns sectors with steep slopes and weak vegetation, as also, on the reliefs
foothills, transition sectors between steep slopes and lowlands. It mainly extends on the
cereal-oriented highlands.

Class 3. The loss rate is greater than 30 t·ha−1·yr−1, and covers 23.2% of the total area
of the watershed. It concerns, in particular, the banks of watercourses and abrupt sectors
devoid of plant cover (bare land).

Average loss by water erosion in aquifers for all the homogeneous units is about
16.69 t·ha−1·yr−1. The erosion rates differ from one area to another of the watershed,
depending on the influence of different factors that control the erosion process. However,
the minimum potential erosion rate values are mainly located on the plain of Ain Touta
and lower than El Kantara because of the low slope. For some forests, such as Jebel
Tuggurt and Jebel Garoua, despite the value of the K factor and the low value of the
plant cover factor, their potential erosion rate remains high. The extreme high erosion rate
values are mainly located in the mountainous areas with quite steep slopes. They are not
agricultural lands, mostly bare soils with very low vegetation cover (Figure 8). There is
some information on the results of USLE/RUSLE application in some regions in Algeria
but they are general, and cannot be compared due to the great difference in the physical,
climate and soil characteristics. Algeria is a wide country from east to west and from north
to south. Concerning our study area, no previous studies have been made yet that uses this
application in particular or the erosion in general. The current study is the first one on this
region, which uses the RUSLE approach. Therefore, we could not compare our results.

The above study is helpful to researchers and planners for better planning to control
the loss of soil in the high severity zones. The results obtained from the study are significant
in recognizing and obtaining a complete understanding of risks related to the erosion
of soil for the study area: not only the risks, but also figuring out the dominant and
significant factors contributing to soil erosion. The factors, such as land use, land cover,
and topography of the area, and their contribution to soil erosion, can be analyzed.

The management of natural resources and planning/policymaking can use the results
of this study to reduce the land degradation in this region. The assessment of potential
risk can be done in the regions of complex topography and high precipitation/rainfall
rates. This will assist in recognizing priority areas for imposing plans and precautionary
measures to resolve the conflict of erosion and other issues related to land degradation.
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Figure 8. Some forms of water erosion in Oued el-Hai watershed. (1–4) Bad lands; (5) ravine on
clayey soil (regressive erosion) in Ain Touta; (6–8) Underminingof the banks of Oued Tilatou and
Oued Ain Touta, respectively. (Photos taken by authors).

5. Conclusions

The work of this investigation exposes the application results of the universal soil loss
equation using a geographic information system in the Oued el-Hai watershed. The results
show that the watershed is highly prone to and severely affected by soil erosion. If the rates
of soil erosion continue at the same rate, it will probably cause severe land degradation.
The watershed is losing an average of 16.69 t·ha−1·yr−1. This value corresponds to the not-
tolerated erosion by the soils, which undergo an aggressive climate with low precipitation,
but with stormy character. Located in time and space, they do not allow pedological
changes to compensate for the soil loss. The percentage of the area under the influence
of very high soil erosion (i.e., 23.2%) is an alarming indicator that this region needs to be
addressed properly in the matter of soil erosion.
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This serious situation is favored by the other factors of erosion, which also combine to
accelerate erosion, such as steep slopes, very erodible soils and the alarming degradation
of the plant cover. However, integrating the model into a GIS has many advantages.
It allows to rationally manage a multitude of qualitative and quantitative data relating to
the various factors of soil degradation and to establish a synthetic map of the sensitivity
degrees distribution to erosion in different areas of the watershed.

Although the validity of USLE soil losses is subject to debate (it only applies to layer
erosion and the estimated loss amounts do not include losses from other types of erosion
(linear, solifluxion, etc.), the method provides significant help to policymakers and planners
to plan erosion control interventions, and to take precautionary measures according to the
obtained values of soil erosion, especially in areas where layer erosion predominates over
linear erosion. It also allows to choose suitable cultivation techniques and anti-erosion
methods, considering the risk nature (low, high or very high) and to monitor the impact of
land use and development. The integration of GIS with the RUSLE model technique can be
used in other areas of Algeria, in order to estimate and monitoring soil erosion on wider
scales. In addition, the use of other methods, such as the analytic hierarchy process (AHP),
might aid in ameliorating and comparing the results in our study area.
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