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Abstract 

Water erosion is a major problem in the semi-arid environments of Algeria. In this vein, the objective of this study 

is to use the Revised Universal Soil Loss Equation (RUSLE) on the watershed of Medjerda which is located at the 

extreme of the North-Eastern part of the Algerian territory. Based on the crossing of various factors in raster mode 

under ArcGIS allows the production of diverse thematic maps corresponding to multiple factors: erosivity of 

precipitations, erodibility of soils, topography, the vegetal cover and the anti-erosive practices. Moreover, the 

risks’ map of water soil erosion was obtained depending on the combination of the previous thematic maps with 

four class risks has been made up indicating an average erosion value of 2.68 t/ha/year. However, this value is 

relatively reasonable in relation to the given rate by the interpretation of the bathymetric measures carried out in 

the Ain Dalia dam.  

Keywords: watershed, Medjerda, Dam Ain Dalia, SIG, RUSLE, erosion 

1 Introduction 
 

Algeria is subjected to a noticeable process of agricultural and altered lands erosion and 

substantially eroded during periods of high rainfall intensities. As a result, this process leads to 

the evident increase in solid transport and its corollary the increasing siltation of dams. In the 

light of several research, the erosion of soil is proved as a serious threat to the environment in 

different parts of the globe and one of the most serious problems of land degradation [1] caused 

by the removal, transport, and soil particles deposition [2]. Several natural and anthropogenic 

factors lead to the increase in soil degradation that promote the initiation and the evolution of 

erosion processes. The already mentioned factors are divided into two categories; those of a 

relatively semi-static nature (morphology, erodibility, and infiltration, etc.) and others which 

vary timely such as vegetal cover, land use, the intensity of rainfall and agricultural practices 

[3, 4, 5]. 
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However, the impact of the associated action of these factors is manifested by an increase in 

the amount of materials lost, deposited downstream in stream beds, reservoir dams, lakes and 

sedimentation areas [6]. Since the 1950s, the problem of solid transport and the extent of the 

phenomenon of siltation of dams have caught the interest of many researchers. Many 

explanatory models of solid transport on the basis of parameters such as GIS models are since 

widely used to derive the necessary variables to estimate soil erosion, determine soil 

conservation measures and allow analysis of huge data on arid and semi-arid views. Based 

on an objective, spatial and comparative attitudes, the evaluation, and quantification of 

erosion processes is an essential step in order to propose methods of rational management of 

natural resources (water, soil, vegetation) for reducing the adverse effects of erosion 

processes. 

Our study reveals that several approaches have been used to diagnose and analyze the loss of 

land, among these the Universal Soil Loss Equation (USLE) [7], and the RUSLE 2 which is 

its ameliorated version [8]. The model of RUSLE has been widely used by hydrologists all 

over the globe to estimate the erosion of soils according to the GIS and remote sensing 

environments [9-14]. Thus, the present article takes into account the use of the RUSLE 

approach for discovering soil loss and highlighting zones that are exposed to the risk of water 

erosion in the watershed of Wadi Medjerda, which could contribute to the creation of a tool 

to support decision-making and intervention in the development of this region. 

2  The Area of Study 

Concerning the sub-watershed trans boundary of Medjerda (Figure 1), it is considered as one 

of the five sub-basins that make up the great basin of Medjerda-Mellegue, the latter is located 

at the extreme of the North -Eastern part of the Algerian territory with 1438 km2 area and with 

276.30 km perimeter. According to Hydrographics Basins Agency (ABH), the sub-basin of 

interest carries the code [12 01].  

The area of study is situated in the territory of the Souk-Ahras state between the meridians 

7°37'E and 8°25' and the North parallels 36°05' and 36°27'. However, it is bordered in the North 

by the basin of the Eastern coast of Constantine, in the East by Tunisia, in the West by the basin 

of Seybouse and in the South by the sub basins of Mellegue upstream [12 04] and Mellegue 

downstream [12 05].  

In effect, the Medjerda Basin is drained by the Medjerda wadi and its tributaries supplying the 

Ain Dalia Dam, whose water is directed to supply drinking water to Souk-Ahras town and other  

towns. The study area is dominated by a semi-arid climate where the average annual rainfall is 

between 327 mm and 723 mm, with an average of 557 mm/year. 
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Figure 1: Geographic situation of the area of study 

3  Methods  

The examination of various parameters involved in erosive processes and their spatialization in 

thematic maps depends on the application of the RUSLE model. The use of GIS techniques for 

the evolution of every RUSLE factor leads to their superposition and processing. The main 

purpose for designing such a model is to estimate annual rates of erosion in agricultural areas 

for the long-term. According to [15], the equation is widely used for its simplicity and reliability 

in spite of the several flaws and limitations that it has. However, it also represents a standardized 

approach. The empirical basic equation of the RUSLE model is the Universal Soil Loss 

Equation which is given below: 

𝐴 = 𝑅. 𝐾. 𝐿𝑠. 𝐶. 𝑃        (1)  

 

where: A is the Average soil loss (annual); R is the erosion factor of precipitation; K is erosion 

factor of soil; Ls is topographic factor; C is exploitation factor of cover; P is Anti-erosive 

practices. 

Each individual GIS file that is related to RUSLE has been built for each one and combined on 

a modulization process of ArcGis on cell by cell 10.4 (30 m resolution) in order to predict soil 

loss in a spatial approach [16]. All layers have been projected with UTM 32N using datum 

WGS 1984.  

3.1 Model Factors  

3.1.1 Erosion Factor of Rainfall (R)  
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The erosion factor of precipitation R is a climatic factor that reflects the effect of rainfall 

intensity on soil erosion. According to the equation proposed by 17, its calculation requires the 

determination of the total rainfall kinetic energy Ec (mm.h–1) and the peak rainfall intensity in 

30-minute consecutive (J.m–2.mm–1). The process of destroying the soil particles is triggered 

by the energy of the raindrops while the runoff ensures their transport [5]. [17] present the 

formula of the R erosivity like follows: 

𝑅 = 𝑀. 𝐸𝑐 . 𝐼30                                            (2)   

where: M is the coefficient that depends on the system of measurement units; Ec is the intensity 

of kinetic energy in 30 minutes (I30) of raindrops for each storm. 

In the present study, it is impossible to use the prior formula because of the shortage of data on 

the intensity of precipitation. However, it is a general fact for most watersheds goes through in 

Algeria. Reliable data about the precipitations are recorded at daily, monthly, and annual scales. 

For such a reason we prefer to use an alternative equation based on monthly and annual 

precipitation (Equation 3). This formula has been used by many researchers [6, 18, 19, 20, 21]: 

𝑙𝑜𝑔𝑅 = 1.74𝑙𝑜𝑔 ∑
𝑝𝑖2

𝑝

12
𝑖=1 + 1.29       (3) 

where: Pi is the monthly precipitation (mm); P is the annual precipitation (mm). 

The R factor is calculated using monthly and annual rainfall data for a period of 29 to 48 years 

collected from 6 rainfall stations have been provided by (ANRH) the National Agency of 

Hydraulic Resources (see Table 3). 

The values obtained for the R factor over the entire watershed were interpolated using the 

Ordinary Kriging method in the GIS. 

3.1.2 Soil Erosion Factor (K)  

For Kumar and Gupta [22], the K-factor of soil erosion is a risk parameter that affects erosion 

processes through soil contribution measurement. Soils differ in terms of erosion resistance, 

texture, structure, harshness and the content of organic matter and soil moisture. Soil resistance 

is weaker when the soil is less deep, and it is stronger when the soil is deeper. However, the 

saturation of surface soil leads to the movement of particles on the slope even at very low values 

as indicated by Ryan [23]. In the present study, the global soil map, which is labeled the Global 

Soil Harmonization Database, HWSD is employed to identify the K-factor [24].  

This latter offers a wealth of information on the parameters of soil around the world by 

estimating the productivity of potential land helping that allows for determining land and water 

boundaries and improving the land degradation risks’ assessment, in particular the erosion of 

soil (Figure 2). The HWSD is a bow matrix database of 30 seconds that has more than 16.000 

different units of soils’ cartography; it combines the existing regional and national updates of 

data about soils all over the world. The earth’s territory is covered by raster database that 

comprise of 21600 rows, 43200 columns with 221 million grid cells that are related to 

harmonized data on the characteristics of the soil. The K-factor (Table 1) has been calculated 

by the following formulas that are proposed and used by [9, 25, 26]. 
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                                                𝐾𝑈𝑆𝐿𝐸 =  𝑓𝑐𝑠𝑎𝑛𝑑 . 𝑓𝑜𝑟𝑔𝑐 . 𝑓ℎ𝑖𝑠𝑎𝑛𝑑                                                          (4)

     

where: fcsand is a parameter that diminishes the K indicator in the soils containing of coarse sand; 

fcl-si offers weak soil erosibility factors for soils that have strong silty clayish ratios; forgc 

decreases K values in soils that have organic carbon; fhisand reduces the values of K in highly 

sandy soils.  

      𝑓csand  = (0.2 + 0.3𝑒𝑥 𝑝 [−0.256 𝑚𝑠 (1 −
𝑚𝑠𝑖𝑙𝑡

100
)])                         (5)  

                                     𝑓cl−𝑠𝑖  = (
𝑚𝑠𝑖𝑙𝑡

𝑚𝑐+𝑚𝑠𝑖𝑙𝑡
)0.3                                                                    (6)  

     𝑓𝑜𝑟𝑔𝑐  = (1 −
0.25𝑜𝑟𝑔𝑐

𝑜𝑟𝑔𝑐+exp[3.72−2.95𝑜𝑟𝑔𝑐]
)                                                     (7) 

      𝑓ℎ𝑖𝑠𝑎𝑛𝑑  = (1 −
0.7(1−

𝑚𝑠
100

)

(1−
𝑚𝑠
100

)+𝑒𝑥𝑝[−5.51+22.9(1−
𝑚𝑠
100

)]
)                               (8)  

 

where:  ms is the percent (%) of sand (particles 0.05-2.00 mm in diameter), msilt is the percent 

(%) of silt (particles 0.002-0.05 mm in diameter), mc is the percent (%) of clay (particles < 

0.002 mm in diameter) and org C represents organic carbon’s percent (%) in the layer. 

Table 1: Estimation of K-Factor in the watershed of Medjerda 

Soil 

sample  

ms 

(san 

topso

il) %  

msilt       

(silt 

topso

il) %  

mc (clay 

topsoil) 

% 

Orgc 

(oraganic 

carbon) 

%  

fcsand fcl-si forgc fhisand KUSLE K 

Xk 40 37 23 0.56 0.357 0.865 0.98

3 

1.00 0.3040 0.0395 

Bk 38 41 21 0.63 0.369 0.883 0.97

8 

1.00 0.3186 0.0414 

Be 42 36 22 1.00 0.351 0.867 0.92

1 

1.00 0.2799 0.0364 

Cmc 31 50 19 2.01 0.402 0.908 0.76

3 

1.00 0.2783 0.0362 

Xk: Calcic Xerosols, Bk: Calcic Cambisols, Be: Eutric Cambisols, Cmc: Calcaric Cambisols 
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Figure 2: Study map of the types of soils within the watershed 

3.1.3 Topographic Factor (LS) 

The determination of the topographic factor LS in the study area is based on the use of the 

Digital Terrain Model and its derived maps. 

On the basis of the Digital Elevation Model (DEM) of a resolution 30 m × 30 m (ASTER 2011) 

using Esri ArcMap 10.4, it is possible to obtain the map of the slope’s degree (Figure 3), the 

direction and the cumulative length of the slope. The latter has a big influence since it offers its 

erosive energy to the water. This parameter is certainly the most important concerning erosion 

processes because of its gravitational action and its impact on detritic materials. 

There are several ways for calculating the LS factor namely by using approximations in GIS 

from the flow accumulation map. Several steps, using the raster mode spatial analysis functions 

under GIS have been subsequently carried out. 

• The first one is related to the establishment of a raster flow direction from each cell 

towards to its lower altitude neighbor. 

• Determining the flow direction of the theoretical hydrographic network then makes it 

possible for calculating the length of the slope; at first for one cell and then for all 

cells. 

The second phase deals with calculating the slopes in degrees for each cell. Depending on 

slopes, the value of the exponent m varies [17] as shown in Table 2.  
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Table 2: Meters variation as a slope function [17] 

slope % S < 1 1 ≤ S ≤ 3 3 ≤ S ≤ 5 S  ≥ 5 

m 0.2 0.3 0.4 0.5 

 

The last step is to cross the calculations of Li and S, the final result is then divided by 100. 

Finally, the LS factor is determined by the following formula:  

 

         𝐿𝑆 = (𝐹𝑙𝑜𝑤 𝐴𝑐𝑐𝑢𝑚𝑢𝑙𝑎𝑡𝑖𝑜𝑛 .
𝑟𝑒𝑠𝑜𝑙𝑢𝑡𝑖𝑜𝑛

22.13
)

𝑚

0.065 + 0.045𝑆 + 0.0065𝑆2             (9)  

 

where the resolution is the cell size representing the grid (30 m) 22.13 is the standard cast field 

slope length; S is the slope. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3: Slope map of the study area 

3.1.4 Factor C 

Kalman [21] advanced the view that vegetation plays a screen role that conditions the speed of 

surface runoff and reduces its erosion energy and intensity. For that reason, it is considered a 

pivotal factor in soil protection against erosion. In other words, this is the influence of the 

vegetal cover in the reduction of the erosion of soil [27].  

The researchers have developed a lot of methods that estimate the factor C by using NDVI 

depending on the USGS website (http:// earth explorer.usgs.gov) for the evaluation of soil loss 

[28, 29]. In the above-shown study, the Normalized Difference Vegetation Index (NDVI) 

estimates the values of this parameter. The difference between the reflectance of the Red Band 

(R) and of the Near Infrared Band (NIB) of the electromagnetic spectrum is expressed by the 
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mathematical formula (Equation 10). This indicator is linked to the vegetal nature and its own 

percentage. The land-use map was developed from a LandsatTM8 image taken on 27/3/2021 

with a 30 m resolution, which was previously processed, using the index of vegetation 

normalized NDVI based on the colored compositions of the image bands (bands 4 and 5). 

                                                                𝑁𝐷𝑉𝐼 =  
𝑵𝑰𝑩−𝐑

𝑵𝑰𝑩+𝐑
                                    (10) 

where NIB: Near infrared band 

A: Red band 

The highest percentage of vegetal cover is reflected by the maximum value of NDVI. This 

means that zones that are void of vegetation (bare soil and water bodies) have a weak value of 

NDVI (Figure 4). [30] has used the following equation for calculating the C parameter:  

                                                     𝐶 = 0.9167 − 1.1667 (𝑁𝐷𝑉𝐼)                                          (11)          

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                              Figure 4: Map of vegetal cover type. (NDVI) data source                                                                                                                               

3.1.5 Factor of Anti-Erosive Practices (P) 

The practices that are more efficient for soil conservation are cropping in curves, alternating 

bands or terraces, reafforestation berms, earthing and ridging that reduce the erosive effect of 

precipitation and runoff and hence reduce the quantity of the erosion of soil [31]. It varies from 

1 for land on which none of the above practices are used to approximately 0.1 when in the case 

of low slope, partitioned timbering is practiced [32].  

In the study area, anti-erosion schemes do not exist; cultivators never use anti-erosion cropping 

practices. Indeed, the crops are particularly cereal ones, and the plowings are rarely parallel to 
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the level of curves. In the absence of information on soil conservation practices, the P factor 

was assigned a value of 1.0 to the entire area of the watershed.  

4  Results and Discussion 

4.1 Factor R 

By using the rainfall data of six rainfall stations, the factor R values for every station have been 

estimated. Subsequently, the values of factor R of the entire watershed have been interpolated 

using ordinary kriging interpolation in the GIS. 

The spatial spreading of erosivity of rainfall in the Wadi Medjerda watershed shows that the 

values of factor R vary from 56 to 100 (MJ mm/ha/h/ year).  These values of R that are above 

56 (MJ mm/ha/h/ year) show that the entire watershed is exposed to a severe degree of climatic 

aggressiveness.  

Based on precipitation characteristics, the values of factor R that are very low have been 

recorded in the North-East portion of the watershed and the ones that are very high have been 

recorded in the North-West and South-West portions. In accordance with Table 3 in excess of 

70% of the area of study is exposed to heavy rainfall erosivity then it introduces the values of 

factor R that are superior to 56 (MJ mm/ha/h/ year) it is therefore concluded the basin’s erosive 

power of precipitations is pivotal. The erosion intensity related to the amount and intensity of 

precipitations is increasing from the East of the watershed to the West with a slight decrease in 

the Western part of the region (Figure 5). The Wadi Medjerda watershed is prone to a high 

degree of climatic impact. 

Table 3: Average annual precipitations and R - factor rates 

Stations code Data  Annual 
precipitation 
(mm) 

Period 
(number 
of years) 

Erosivity 

X Y 

Souk Ahrass 120101 967.25 342.25 564.9 1970-2018 

(48 y) 

80 

Khemissa 120104 945.5 332.5 496.36 1970-2018 

(48 y) 

73 

Taoura 120105 980.55 331.55 593.70 1972-2018 

(46 y) 

81 

Cheikh AbdEllah 120113 956.55 339.25 640.5 1975-2018 

(43 y) 

90 

Ain Dalia 120115 956.1 339.15 723.9 1989-2018 

(29 y) 

100 

Boucheoureb 120116 1008.288 360.422 327.4 1999-2018 

(19 y) 

56 



Allaoui K., Mansouri R. and Dorbani M. 

 

  10 

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 5:  Map of the Rainfall Erosivity Factor R 

4.2 Erodibility factor of Soil (K) 

The watershed of Medjerda wadi includes four different soil types with different characteristics.  

The composite map of factor K has been generated to designate the spatial spreading of 

erosibility (Figure 6). The soil map has been reclassified with the assigned values of factor K. 

the values of factor K range from 0.0362 to 0.0414 t.ha.h/ha.MJ.mm. The highest values of 

factor K are related to soils highly vulnerable to erosion which are the Calcic Cambisols in this 

study; it is located in the greatest part of the North-West of the watershed. 

The Soils of the area of study are considered as moderately sensitive to erosion with a moderate 

value of 0.0388 t.ha.h/ha.MJ.mm on the basis of [33] Resistance Classification related to Soils’ 

Erosion which is based on the factor K (Table 4). 

Table 4: Classification of Soil Resistance on Erosion by [33] 

 

 

 

 

 

 

 

 

 

 

The Type of Soil 

 

Factor K 

(t.ha.h/ ha.MJ.mm) 

Very resisting soils to erosion K < 0.0132 

Soils fairly resistant to erosion 0.0132 – 0.0329 

Soils moderately sensitive to erosion 0.0329– 0.0461 

Soils fairly sensitive to erosion 0.0461 – 0.0593 

Soils very sensitive to erosion > 0.0593 
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Figure 6: Spatial Distribution of soil Erosibility Factor K in (t.ha.h/ha.MJ.mm) 

4.3 The Factor of Topography (LS) 

Based on calculations, it is shown that the values LS range from 0 to 23.755 having 5.36 as an 

average (Figure 7). The obtained map has designated that the factor LS is directly related to the 

topography. The highest values take place primarily in mountainous areas of the high valley of 

the Wadi Medjerda watershed whereabouts the high and very high slopes prevail. This 

parameter presents a risk factor of erosion as a function of slope areas on the scale of the 

watershed. As the factor heightens, the watershed becomes more affected by erosion. 
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Figure 7: LS factor map of the study area 

4.4 C-Factor 

The surface cover of soil determines factor C through the vegetation and the height of plant 

strata a. In the database assigned to it, the values of factor C for each land use have been 

determined from the tables of [17, 34], it is between 0 and 1 for each type of vegetal cover in 

the area of study. Table 5 and Figure 8 show the vegetal cover distribution and the factor C 

values in the Wadi Medjerda watershed. 

Areas with high vegetation are associated with the lowest values (C < 0.24) provide better soil 

protection and correspond to forest formations where human influence is low. The highest 

values (C > 0.25) correspond to soils with a higher susceptibility to erosion. These results have 

confirmed that bare grounds are more affected by erosion and soil loss while vegetative cover 

zones are highly resistant to this phenomenon. 

Table 5: Distribution of the Factor C in the Wadi Medjerda Watershed 

Type C-Factor 

Water Plan 0 

drill 0.24 

Agriculture 0.45 

Bare land 1 



                                                                       SSP - JOURNAL OF CIVIL ENGINEERING Vol. 18, Issue 1, 2023 

 

       

13   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8: Spatial distribution of factor C  

The Limitations of the study include the delay in adopting the bathymetry measures data the 

National Agency of Dams and Transfers (ANBT), as well as the monthly and annual rainfall 

data at the level of (ANRH) the National Agency of Hydraulic Resources, where the 

administrations were closed because of the Covid 19 (mid-March – mid-September 2020). 

5 Estimated Potential Annual Soil Losses (A)  

The goal of this article is to evaluate soil losses provoked by the erosive phenomenon and to 

delineate areas possibly delicate to the erosion of water in the Wadi Medjerda watershed by 

applying the RUSLE empirical model of soil erosion integrated in GIS to identify critical areas. 

The evaluation of soil losses due to water erosion obtained by the crossing of factors in raster 

mode under ArcGIS and the multiplication of layers introduced by the parameters and thematic 

maps of RUSLE, in particular, the climatic aggressiveness R (or erosion of precipitation), the 

erosibility of soils K and the mixed effect of the degree and the length of the LS slope, the 

vegetal C cover and the practices of anti-erosion P. The cartographic representation of these 

factors (thematic maps) and their crossing led to the evolution of a summary map highlighting 

four classes of soil vulnerability to water erosion, resulting from an average erosion rate of 2.68 

(t/ha/year). This rate is relatively reasonable with the rate given by interpreting the bathymetric 

measurements made in the Ain Dalia dam. 

The classification in Figure 9 shows that the weakest erosion category is associated with gently 

sloping of 2 degrees areas which dominates the entire southern part of the area of study. 

It is chiefly composed of agricultural land. The low erosion category concerns surface whose 

soil loss is less than 4 (t/ha/year) representing 40.54% of the surface of the watershed. 31.95% 
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of the area of study is exposed to moderate erosion; it is a mountainous region with slopes 

greater than 8 degrees where forests are predominant and only subsistence agriculture is 

practiced by the rural population (Table 6). Severe erosion takes place in some parts of the 

watershed exclusively in soils of high erodibility and steep landforms are primarily located in 

the Northern part of the watershed. 
 

Table 6: Distribution of Soil loss A Classes in Wadi Medjerda Watershed 

 
Soil loss ( t/ha/year) Area (ha) Area (%) 

< 2 35920.97 24.98 

2-4 58296.02 40.54 

4-7 45945.96 31.95 

7-16.7 3637.05 2.53 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 9: Map of erosion risk in the watershed Wadi of Medjerda 

6  Validations 

In this article, the obtained results through the RUSLE model application must be validated 

against actual sediment transport measurements. To this end, the Ain Dalia dam has been the 

subject of bathymetry measures by the National Agency of Dams and Transfers in different 

periods of time 2004 and 2019.  

The results show that the siltation of the reservoir since the launching of the 1988 dam was 7.39 

million cubic meters which corresponds to a loss of 9.012% of its initial capacity or an average 

annual volume of 238 387.10 m3/year; this reduction in water storage capacity is due to soil 
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erosion. The following Table 7 summarizes the evolution of the loss of dam retention capacity. 

It is considered that the average rate of erosion reaches 2.48 t/ha/year when the density of settled 

sludge is 1.5. This value is relatively close to the value obtained by RUSLE, the difference 

between the two values is estimated at 7. 46%; this shows that the rates of soil erosion estimated 

by the model of RUSLE and by the bathymetric measurements are compatible to each other. 

The map is an indispensable tool in the fight against erosion. It contributes to an overview of 

threatened areas and identifies areas requiring priority intervention with a view to sustainable 

land management. 

Table 7: Evolution of the Loss of Capacity of the Ain Dalia Dam 

 Launch Year 

1988 

2004 Survey 2019 Survey 

Capacity (hm3) 82.00 76.08 74.61 

Loss compared to 1988 

(hm3) 

- 5.92 7.39 

Loss in % - 7.22 9.012 

7  Conclusion 

On the light of this study, the methodology of water erosion characterization is applied through 

the use of a spatialization and quantification of the principal factors involved in the erosive 

process, the estimation and spatial distribution of the erosion of soil in the Medjerda wadi basin 

employing the Universal Soil Loss Equation (RUSLE) and GIS techniques estimating that the 

basin has had to cope with very low to high soil loss. It is worthy to note that the outcomes 

indicate that the rainfall erosivity R-factor of RUSLE was found to be 78 MJ mm/ha/hr/yr and 

the soil erodibility K-factor varied from 0.0362 to 0.0414 t.ha.h/ ha.MJ.mm. Slopes in the 

catchment varied between 0 degrees and 27degrees having LS factor values ranging from 0 to 

23.755. The C factor was computed from NDVI (Normalized Difference Vegetative Index) 

values derived from Landsat-TM8 data. The P factor was assigned a value of 1.0 to the entire 

area of the watershed. The annual soil loss estimated in the watershed using RUSLE is 2,68 

t/ha/yr. The map of soil loss has been classified into four risk classes on the basis of the quantity 

of soil loss: very weak (< 2 t /ha/y), weak (2–4 t /ha/y), moderate (4–7 t /ha/y), strong (7–16.17 

t /ha/y). Hence, the average annual soil loss map will be helpful in identification of priority 

areas for implementation of soil conservation measures and effective checking of soil loss. 

 

Reference 
[1] Aiello, A., Adamo, M., & Canora, F. (2015). Remote sensing and GIS to assess soil erosion with 

RUSLE3D and USPED at river basin scale in southern Italy. Catena, 131, 174-185. 

DOI:10.1016/j.catena.2015.04.003 

[2] Parveen, R., & Kumar, U. (2012). Integrated approach of universal soil loss equation (USLE) and 

Geographical Information System (GIS) for Soil Loss Risk Assessment in Upper South Koel 

Basin, Jharkhand. Journal of Geographic Information System, 4, 588-596 

[3] Kheir, R. B., Cerdan, O., & Abdallah, C. (2006). Regional soil erosion risk mapping in   

Lebanon. Geomorphology, 82(3-4), 347-359. 

https://doi.org/10.1016/j.catena.2015.04.003


Allaoui K., Mansouri R. and Dorbani M. 

 

  16 

   

 

 

[4] Vrieling, A. (2006). Satellite remote sensing for water erosion assessment: A 

review. Catena, 65(1), 2-18.  

[5] Roose, EJ, Lelong, F. (1976) Les facteurs de l'érosion hydrique en Afrique Tropicale. Études sur 

petites parcelles expérimentales de sol. Revue de géographie physique et de géologie 

dynamique, 18(4), 365-74 

[6] Sadiki, A., Bouhlassa, S., Auajjar, J., Faleh, A., & Macaire, J. J. (2004). Utilisation d’un SIG pour 

l’évaluation et la cartographie des risques d’érosion par l’Equation universelle des pertes en sol 

dans le Rif oriental (Maroc): cas du bassin versant de l’oued Boussouab. Bulletin de l’Institut 

Scientifique, Rabat, section Sciences de la Terre, 26(2004), 69-79. 

[7] Wischmeier, W. H., & Smith, D. D. (1965). Predicting rainfall-erosion losses from cropland east 

of the Rocky Mountains: Guide for selection of practices for soil and water conservation (No. 

282). Agricultural Research Service, US Department of Agriculture. 

[8] Foster, G. R., Toy, T. E., & Renard, K. G. (2003, October). Comparison of the USLE, RUSLE1. 

06c, and RUSLE2 for application to highly disturbed lands. In First interagency conference on 

research in watersheds (Vol. 27, No. 30, pp. 154-160). Washington, DC: US Department of 

Agriculture, Agricultural Research Service. 

[9] Khanchoul, K., Balla, F., & Othmani, O. (2020). Assessment Of Soil Erosion by RUSLE Model 

Using GIS: A Case Study Of Chemorah Basin, Algeria. Malaysian Journal of Geosciences 

(MJG), 4(2), 70-78. DOI:10.26480/mjg.02.2020.59.67 

[10] Duarte, L., Teodoro, A. C., Gonçalves, J. A., Soares, D., & Cunha, M. (2016). Assessing soil 

erosion risk using RUSLE through a GIS open source desktop and web 

application. Environmental monitoring and assessment, 188(6), 1-16. DOI:10.1007 /s10661-016-

5349-5. 

[11] Fernández, C., & Vega, J. A. (2016). Evaluation of RUSLE and PESERA models for predicting 

soil erosion losses in the first year after wildfire in NW Spain. Geoderma, 273, 64-72. 

DOI:10.1016/j.geoderma.2016.03.016 

[12] Ouadjane, Y., Yacine, E. A. A., Benzougagh, B., Nassiri, L., & Ibijbijen, J. (2021). Evaluation 

Des Risques D’érosion Hydrique Et Cartographie Des Zones Vulnérables Par La Méthode 

RUSLE Couplée Aux SIG Et À La Télédétection Dans Le Bassin Versant d’Agoudal En Amont 

De La Vallée d’Imilchil (Haut Atlas Central, Maroc). European Scientific Journal, 17(21), 66-91. 

[13] Michalopoulou, M., Depountis, N., Nikolakopoulos, K., & Boumpoulis, V. (2022). The 

significance of digital elevation models in the calculation of LS factor and soil 

erosion. Land, 11(9), 1592. 

[14] Khemiri, K., & Jebari, S. (2021). Évaluation de l’érosion hydrique dans des bassins versants de 

la zone semi-aride tunisienne avec les modèles RUSLE et MUSLE couplés à un Système 

d’information géographique. Cahiers Agricultures, 30, 7. 

[15] Desmet, P. J. J., & Govers, G. (1996). A GIS procedure for automatically calculating the USLE 

LS factor on topographically complex landscape units. Journal of soil and water 

conservation, 51(5), 427-433. 

[16] Atoma, H., Suryabhagavan, K. V., & Balakrishnan, M. (2020). Soil erosion assessment using 

RUSLE model and GIS in Huluka watershed, Central Ethiopia. Sustainable Water Resources 

Management, 6(1), 1-17. 

http://doi.org/10.26480/mjg.02.2020.59.67
https://doi.org/10.1007%20/s10661-016-5349-5
https://doi.org/10.1007%20/s10661-016-5349-5
https://doi.org/10.1016/j.geoderma.2016.03.016


                                                                       SSP - JOURNAL OF CIVIL ENGINEERING Vol. 18, Issue 1, 2023 

 

       

17   

 

[17] Wischmeier, W. H., & Smith, D. D. (1978). Predicting rainfall erosion losses: a guide to 

conservation planning (No. 537). Department of Agriculture, Science and Education 

Administration. 

[18] Bouhadeb, C. E., Menani, M. R., Bouguerra, H., & Derdous, O. (2018). Assessing soil loss using 

GIS GIS based RUSLE methodology. Case of the Bou Namoussa watershed – North-East of 

Algeria. Journal of Water and Land Development No. 36 p. 27–35. DOI: 10.2478/jwld-2018-

0003 

[19] Rango, A., & Arnoldus, H. M. J. (1987). Aménagement des bassins versants. Cahiers techniques 

de la FAO, 36. 

[20] Arnoldus, H. M. J. (1977). Methodology used to determine the maximum potential average annual 

soil loss due to sheet and rill erosion in Morocco. FAO Soils Bulletins (FAO). 

[21] Kalman, R. (1967). Le facteur climatique de l’érosion dans le bassin de Sebou. Projet Sebou, 

Rapp. inédit.  

[22] Kumar, S., & Gupta, S. (2016). Geospatial approach in mapping soil erodibility using 

CartoDEM–A case study in hilly watershed of Lower Himalayan Range. Journal of Earth System 

Science, 125(7), 1463-1472. 

[23] Ryan, J. (1982). Perspective on soil erosion and conservation. Publ. no. 69. Fac. Agric. and Food 

Sci., Am. Univ., Beirut, Lebanon. 

[24] Fao, I., & Isric, I. (2012). Harmonized world soil database (version 1.2). FAO, Rome, Italy and 

IIASA, Laxenburg, Austria. 

[25] Neitsch, S. L., Arnold, J. G., Kiniry, J. R., & Williams, J. R. (2011). Soil and water assessment 

tool theoretical documentation version 2009, Texas Water Resources Institute Technical Report 

No. 406. System, College Station. DOI:10.1016/j.scitotenv.2015.11.063 

[26] Wawer, R., Nowocien, E., & Podolski, B. (2005). Eal and calculated kusle erobility factor for 

selected Polish soils. Polish Journal of Environmental Studies, 14(5), 655-658. 

[27] Renard, K.G., Foster, G.R., Weesies, G.A et cal, coordinators. (1997) Predicting Soil Erosion by 

Water: A Guide to Conservation Planning with the Revised Universal Soil Loss Equation 

(RUSLE), US Government Printing Office, Washington, Agriculture handbook, No. 703, 404 pp.  

[28] Lin, C. Y., Lin, W. T., & Chou, W. C. (2002). Soil erosion prediction and sediment yield 

estimation: the Taiwan experience. Soil and Tillage Research, 68(2), 143-152. 

DOI:10.1016/S0167 -1987(02)00114 -9 

[29] Wang, G., Wente, S., Gertner, G. Z., & Anderson, A. (2002). Improvement in mapping vegetation 

cover factor for the universal soil loss equation by geostatistical methods with Landsat Thematic 

Mapper images. International Journal of Remote Sensing, 23(18), 3649-3667. 

DOI:10.1080/01431160110114538 

[30] Gitas, I. Z., Douros, K., Minakou, C., Silleos, G. N., & Karydas, C. G. (2009). Multi-temporal 

soil erosion risk assessment in N. Chalkidiki using a modified USLE raster model. EARSel 

eproceedings, 8(1), 40-52. 

[31] Payet, E., Dumas, P., & Pennober, G. (2012). Modélisation de l’érosion hydrique des sols sur un 

bassin versant du sud-ouest de Madagascar, le Fiherenana. VertigO: la revue électronique en 

sciences de l’environnement, 11(3). http://journals.openedition. org/vertigo/12591 

[32] Roose, E. (1996). Land husbandry: components and strategy (Vol. 70). Rome: FAO 

https://doi.org/10.1080/01431160110114538


Allaoui K., Mansouri R. and Dorbani M. 

 

  18 

   

 

 

[33] Bollinne, A., & Rosseau, P. (1978). L'érodibilité des sols de Moyenne et Haute Belgique. Bull. 

Soc. Géogr. Liège, 14, 127-140. 

[34] Cormary, Y., & Masson, J. (1964). Etude de conservation des eaux et du sol au Centre de 

Recherches du Génie Rural de Tunisie: application à un projet-type de la formule de perte de sols 

de Wischmeier. Cahiers ORSTOM. Série Pédologie, 2(3), 3-26. 

 

 


