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ABSTRACT 

Predicting and estimating the potential of soil erosion is extremely important to watershed management .The 

advanced technology of geomatics as Geographic Information System (GIS) and Remote sensing (RS) become a valuable 

source of assistance to estimate soil loss at a large area, in faster manner, and with a consistent level of reliability. The first 

objective of this work is to quantify water-soil erosion in the Beht watershed upstream of Ouljat Sultan dams, by the 

Revised Universal Soil loss Equation (RUSLE), using (GIS) and (RS). The second objective is to elaborate the 

vulnerability map of soil to the erosion for a future use in the priorities of fight against erosion in this study area. 

Thereafter; a statistical analysis of results will be preceded. The results obtained shows that the watershed of Beht is 

subject to high erosion, with an average of (21.36 t/ha/year) and with an extreme value exceeding (500t/ha/year). 

 
Keywords: soil erosion, remote sensing, GIS, watershed of Beht, RUSLE, statistics, Morocco. 

 

1. INTRODUCTION 

Water soil erosion is one of the most serious 

environmental problems that affect many countries and 

essentially the Mediterranean countries. Morocco is 

among the countries that severely suffer from this 

phenomenon. According to the High Commission for 

Water and Forests and for Combating Desertification 

(HCWFDCD), this phenomenon affects 23 million 

hectares; with a specific degradation varying from 500 

t/km
2
/year in the Middle Atlas, to more than 5000 

t/km
2
/year leads in the Rif region. The loss of storage 

capacity is about 75 million m
3
/year [1]. This in addition 

to the socio-economic damages caused in downstream 

(inundation threatening the infrastructures and 

populations) [2]. 

Thus any intervention to fight against this 

problem, or at least reduce its size, must be preceded by a 

quantification and assessment of spatial soil loss and 

erosion risk [3]. Significant hard works have been done on 

the development of soil erosion models [4], and several 

hydrological methods such as: empirical, lumped, 

conceptual and physically based models have been used 

for decades for assessment of soil erosion potential [5]. 

The most empirical model commonly used is the universal 

soil loss equation USLE [6] and its revised version 

(RUSLE) [7], [8]. This model to quantify the hydrical 

erosion of soil, associated with geographic information 

systems (GIS) and remote sensing has many advantages 

that made it: an effective tool for spatial erosion prediction 

over large areas, a tool monitoring the spatial and temporal 

evolutions of this phenomenon, and an aid to decision-

making [9],[10]. Several other scholars have found that 

GIS and Remote Sensing are the significant and effective 

tools in the assessment of soil erosion through different 

models [4], [11], [12], [13]. The approach is to elaborate 

each factors of erosion as indicated by wischmeiers 

equation as follows: Rainfall erosivity (R), intensity and 

Length of the Slope (LS), Soil Erodibility (ka), and 

especially the land use (C). The factor of cultural practices 

was neglected in this study because the areas using these 

practices are small compared to the total area of study 

basin.  

The first objective of this work is, to evaluate the 

quantitative soil loss in this watershed by applying the 

RUSLE model using a set of data including satellite 

images (Landsat ETM + and the ASTER images) 

processed by new geomatics technologies and by data 

analysis of forest inventory maps, and other reference 

data. The second objective is to elaborate the vulnerability 

map of soil to the erosion, and thereafter proceed to a 

statistical analysis of results. These statistical study is used 

to :  determine the causal factors, their correlation and 

their distributions, specify not only on which factors it is 

necessary to intervene, but also know the priority classes 

to interventions in the fight against erosion, in order to 

reduce the erosive effect of each factors. The box-plots of 

estimated soil losses and statistical index were used to 

evaluate the model performance [14].  

 

2. MATERIALS AND METHODS 

 

2.1. Study area 

Wadi Beht is one of the main tributaries of the 

Sebou River. The watershed of Beht in upstream of Ouljat 

Sultan occupies the upstream part of the El Kansera basin. 

It extends over an area of (2472.87 km2) with a perimeter 

of (298.7 km). In morphological viewpoint, the study 

watershed is with an elongated form according to the axis 

NW-SE and it straddles between two geomorphological 

units: 

- The Central Meseta: is made up of primary 

schist, associated in several places with benches or 

quartzite sandstone of different thicknesses. Granites, 

metamorphic rocks and limestone are uncommon [15]. 

mailto:yacine.eddt@gmail.com
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- The Tabular Middle Atlas: covers the eastern 

part of this basin. It is a Hercynian basement hard rock 

primary (sandstone, limestone, quartzite) [16] in soft shale 

excavated by erosion (Tigrigra sub- basin and Azrou 

region). 

 

The topography of the study area is varied, 

ranging from flat to very rugged terrain associated with 

very high rocky outcrops with depressions, multi-

branched gullies and accumulation forms represented by 

alluvial terraces. The altitude range from 299 to 2134 m 

and the steep slopes occupies about 30% of the watershed 

area. 

The lithology of the substrate is relatively harder 

upstream than that of the downstream substrate, which is 

composed of schisto-gréso-quartizitic formations of the 

Palaeozoic base covered  by a Mesozoic cover formed by 

clays and red silts with intercalation of triassic basalts 

Calcaro-dolomitic that formed hard terrains of the Jurassic 

[17]. 

  

 
 

Figure-1. Location map of study area. 

 

2.2. Method 

The quantification of erosion in this watershed is 

done by the combination of the factors of RUSLE: 

 

 
 

Where: 

 R: Factor of Rainfall erosivity; 

 K: Factor of soil irodibility; 

 LS: Topographical Factor ; 

 P: Factor of cultural practice; 

 C: Factor of Land cover; 

 A: Results of soil loss. 

 

A =R* K*LS*C * P  
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Figure-2. Flowchart of applied methodology. 

 

3. RESULTS AND DISCUSSIONS 

 

3.1. Rainfall erosivity (R) factor:  

The evaluation of  R factor by applying the 

Wischmeier’s formula requires the availability of data 

from the kinetic energy "Ec" and the average rainfall 

intensity in 30 minutes "I30" according to the equation: R 

= K Ec.I30. A lack of availability of these data, we adopt 

the relationship of Arnoldus and Rango [18], which allow 

integrating monthly and annual rainfall data as follows: 

 

 
 

Where R is the Aggressiveness rain, expressed in (MJ mm 

ha 
-1

 h
-1

 yr
-1

), Pi = Average of monthly precipitation (mm), 

and P = Average of annual precipitation (mm)). 

Thus, the rainfall aggressiveness (R) factor varies 

from 65.0inthenorth-west of study area, which coincides 

with the downstream of the basin, to more than 110 in the 

North-East and East (127.5), corresponding to the 

upstream portion of the basin, Characterized by high 

altitudes and a humid climate, with an average of (85.57). 

 

3.2 Topographical factor (LS)  
The LS factor is related to the slope and  to the 

slope length. Thus, evaluating this factor, was made after 

determining  the parameters of slope and slope length with 

Ln(R) =1.74 1og∑ (Pi2
/ P) +1.29
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ArcGIS software (purchased by the Faculty of Sciences of 

Meknes) using the equation of  Mitasova et al. (1996). 

This equation  integrate the slope, the flow direction, the 

flow accumulation and the resolution.In this work we have 

the ASTER images with 30 m of resolution downalded 

from (https://earthexplorer.usgs.gov/).  

The LS factor is calculated using the formula 

[19]: 

 

 
 

Table-1. Percentages class’s slop in study area. 
 

Slopes classes 
Percentage of the Global 

area of Watershed (%) 

[0-10[ 39 

[10-20[ 25 

[20-30[ 16 

[30-40[ 10 

40 < S 9 

 

The factor LS in the Ouljat Sultan watershed 

varies from 0.44 to 127.67 with an average of (15.18). 

 

3.3 Soil erodibility (K) factor 
Wischmeier and Smith determined that soils 

become less susceptible to erosion as the silt content of the 

soil decreases. They established and published a direct 

correlation between silt fraction and erodibility 

[20],[21].The K factor is calculated as a function of the 

organic material, texture, structure and permeability 

according to the following formula [21]: 

 

 
 

Where (M = (% fine sand +% Limon) * (100 -% 

clay); a = percentage of organic matter; b = code of soil 

structure, and c = code permeability). 

Next, and for taking account of the presence or 

absence of coarse particles, the K factor was adjusted to 

Ka, according to this formula: 

 

 
 

Where (X is the percentage of coarse fragments 

of size > 2 mm surface).  

The data on which it is based to calculate the K 

factor, were from results of analysis of soil samples taken 

during prospecting output of the study area. 

The value of this factor varies from (0.02) for soft 

rocks such as shale with a brown forest soil to (0.67) for 

moderately resistant rocks, such as basalts at fersialitic 

soil. The weighted average is (0.38). 

 

3.4 Land cover (C) factor  

The evaluation of C factor is realized on the basis 

of maps of land use and the NDVI. These were obtained 

by analyzing satellite image LANDSAT 8 with 13 bands 

and with 30 m of resolution acquired in 2013.  

This image was processed by adequate software 

and underwent a geometric correction followed by a 

radiometric correction. Afterward, the Normalized 

Difference Vegetation Index (NDVI) was calculated [22]. 

The visual interpretation of the resulting image based on 

the reflectance allowed a general idea of the chlorophyll 

activity in the study area. The application of the 

unsupervised classification, and subsequently a supervised 

classification, made to have distribution of the forested 

area and soil bare on the basis of the colored compositions 

of the bands used of this image. The comparative analysis 

of the resulting maps, with exploration of the forest stand 

typing [23], [24] in addition to field visits followed to 

elaborate final maps of land use/ land cover in the study 

basin.   

The resulting values of this factor range from 

(0.1) to (1) corresponding respectively to land with a high 

protection of soil with dense forest and areas whose soil 

protection is low or without any protection.  

 

3.5 Cultural practices factor (P): 

This factor takes account of the cultural practices 

and anti-erosion management performed by the 

population. The fact that the area affected by these 

practices is too small compared to the total area of the 

watershed, this factor was neglected, and the value of one 

(1) was assigned to this parameter throughout the study 

area. 

 

3.6 Results of soil loss in study area  

After preparing all relevant thematic maps  of the 

RUSLE factors (R, LS, Ka,and C) (Figure-3), we 

calculated the soil loss using the function Raster 

Calculator in the Raster menu that allows to perform 

calculations on the basis of existing raster pixel values. 

The resulting map (Figure-3), gives information 

on soil loss (A) expressed in t/ha/year at each point of the  

extent of Ouljat Sultan watershed. The classification of 

results of soil loss was made taking account of the 

capacity of tolerance of soil. Tolerance is defined as the 

tolerated soil loss, which it is remplaced by  the soils 

resulting from pedogenesis (or the amount of soil 

generated by the rock). This tolerance is supposed to have 

no negative impact on soil. It ranges from 1to 12 t/ha/year, 

depending on the climate, parent material (type of rocks), 

organisms (vegetation, fauna and man), topography, and 

time [25]. In our case, the threshold adopted is equal to 07 

t / ha / year, because it is the value used by other  erosion 

studies at  the similars study areas such as : HCEFLCD-

DREF-MA [26], el Garouani et al [27] Ouallali et al [28], 

K a = K. (0.983 – 0.0189 X + 0.0000973 X
2
) 

100K = 2.1.M
1.14

. 10
-4

(12-a) + 3.25 (b-2) + 2.5 (c-3) 

LS = [(flow accumulation) * resolution / 22.13]
0.6 

* [(Sin (S) * 0.01745) /0.09]
 1.3

 

https://earthexplorer.usgs.gov/
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Sadiki et al. [29] … etc). Above 20 t/ha /year, the loss is 

consedred high and soils are highly degraded. 

The average of soil loss factor (A: t/ ha/year) in 

the study area is 21.36 t. ha
-1

.year
-1

.This value is near to 

others values resulting at similar studies in the near areas 

[26], (23.25. t. ha
-1

.year
-1

) R. El Gaatib et al [30], (19.80 t. 

ha
-1

.year
-1

) R. El Gaatib et A. Larabi [31]. 

 

 
 

Figure-3. Results of maps factors of RUSLE. 
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3.7 Statistical results 
Table-2 shows the summary statistics for each 

factor of (RUSLE). It includes measures of central 

tendency, measures of variability, and measures of shape.  

Of particular interest here are the standardized skewness 

and standardized kurtosis, which can be used to determine 

whether the sample comes from a normal distribution. 

 

Table-2. Summary Statistics of RULE factors. 
 

 
A (Soil 

loss) 
K_ajusted Fact_C LS R 

Count 20978 20978 20978 20978 20978 

Average 21.36 0.38 0.51 15.18 85.57 

Standard deviation 33.68 0.15 0.32 17.58 11.55 

Coeff. of variation 157.68 % 38.88 % 62.91% 115.82% 13.5% 

Minimum 0.05 0.02 0.1 0.44 65.0 

Maximum 511.83 0.67 1.0 125.67 127.5 

 

 The soil loss factor (A: t/ ha/year) recorded an 

average of 21.36 t. ha
-1

.year
-1

. 

 The erosivity (R: MJ mm ha 
-1

 h
-1

 yr
-1

) shows an 

average of 85.57. Extremes are 65 in the Min and 

127.5 (MJ mm ha 
-1

 h
-1

 yr
-1

)   in the max. 

 The erodibility of soil (K: t ha h ha
-1

 Mj
-1

 mm
-1

) 

shows an average of 0.384, with extremes values (0.1) 

and (1). 

 The topographical factor (LS) reveals an average of 

14.76, with a minimum of 0.44 and a maximum of 

127.67 (t ha ha ha
-1

 Mj
-1

 mm
-1

). 

 The factor of Land cover (C) shows an average of 

0.51, with extremes values (0.1) and (1). 
 

3.7.1 Correlations 

 

Table-3. Correlations of RULE factors. 
 

 A (Soil loss) K_ajusted Fact_C LS R 

A (Soil loss) --- 0.2412 0.3430 0.5911 -0.0512 

 --- (20978) (20978) (20978) (20978) 

 --- 0.0000 0.0000 0.0000 0.0000 

K_ajusted 

(ka) 
0.2412 --- 0.0386 -0.1270 0.2459 

 (20978) --- (20978) (20978) (20978) 

 0.0000 --- 0.0000 0.0000 0.0000 

Fact_C 0.3430 0.0386  -0.1332 -0.0958 

 (20978) (20978)  (20978) (20978) 

 0.0000 0.0000  0.0000 0.0000 

LS 0.5911 -0.1270 -0.1332  -0.2256 

 (20978) (20978) (20978)  (20978) 

 0.0000 0.0000 0.0000  0.0000 

R -0.0512 0.2459 -0.0958 -0.2256 --- 

 (20978) (20978) (20978) (20978) --- 

 0.0000 0.0000 0.0000 0.0000 --- 

 

This table shows Pearson product moment 

correlations between each pair of variables. These 

correlation coefficients range between -1 and +1 and 

measure the strength of the linear relationship between the 

variables. Also shown in parentheses is the number of 

pairs of data values used to compute each coefficient. The 

third number in each location of the table is a P-value 

which tests the statistical significance of the estimated 

correlations. P-values below 0.05 indicate statistically 

significant non-zero correlations at the 95% confidence 

level. The following pairs of variables have P-values 

below 0.05: 
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A (Soil loss) and Ka, A and C, A and LS, A and R, ka and 

C, Ka and LS, Ka and R, C and LS, C and R, and LS and 

R. 

 

3.7.2 One-Way ANOVA prediction of soil (A) by Class  

         of factors  

The application of One-way ANOVA on the 

causal factors of soil losses aims to know, in addition to 

the factor that acts most on the erosion of soil, the class 

which amplifies the process further. Indeed, the analysis of 

the variance is mainly intended to compare the means of 

the different levels or classes. The method consists in 

constructing tests to compare the variances of soil loss 

classes with all classes of each factor, acting on the RULE 

model. This will make it possible to check whether there 

are significant differences between the averages. 

 

3.7.3 One-Way ANOVA - prediction of soil (A) by  

         LS_Class 

Dependent variable: A (Soil loss) 

Factor: Class_LS 

Number of observations: 20978 

Number of levels: 8 

 

This procedure performs a one-way analysis of 

variance for A (Soil loss). It constructs various tests and 

graphs to compare the mean values of A (Soil loss) for the 

8 different levels of Class_LS. 

 

Table-4. Summary Statistics for A (Soil loss) by LS Class. 
 

Class_LS Count Average S Deviation 
Coeff. of 

variation 
Minimum Maximum Range 

Stnd. 

skewness 

Stnd. 

kurtosis 

0 - 5 5047 2.21 3.14 1.42 0.05 32.93 32.88 105.47 228.95 

5 - 10 7443 11.63 8.70 0.75 0.43 61.51 61.07 38.44 29.75 

10 - 20 3290 26.34 23.55 0.89 0.18 127.74 127.56 28.46 15.25 

20 - 40 2803 38.70 37.27 0.96 0.27 243.85 243.58 32.52 27.32 

40 - 60 1664 57.68 55.44 0.96 4.86 360.47 355.60 30.60 34.04 

60 - 80 526 76.26 74.67 0.98 6.81 444.22 437.41 18.25 20.20 

80 - 100 193 94.17 72.77 0.77 8.40 511.84 503.44 10.18 17.88 

> 100 12 80.74 86.73 1.07 19.56 257.27 237.71 2.00 0.50 

Total 20978 21.36 33.68 1.58 0.05 511.84 511.79 226.05 665.86 

 

Table-4 shows the different soil loss statistics (A: 

t ha-1 yr-1) for each of the 8 classes of topographical 

factor (LS). It shows that the highest losses are always 

located in the land with a higher topographical factor. It is 

very observable that the classes above 40 have a very high 

average of soil losses (Figure-4). The most apparent losses 

are attributed to class of LS, 80- 100.with an average of 

94.17 t ha
-1

 year
-1

. 

 

 
 

Figure-4. Plot of soil loss by LS-class. 

 

Table-5. Summary Statistics for A (Soil loss) by LS Class (5level). 
 

LS- Class(5) 

_ 
Count Average 

Standard 

deviation 

Coeff. of 

variation 
Minimum Maximum Range 

< 5 5047 2.21 3.14 142.04% 0.05 32.93 32.88 

5 - 14.99 8042 12.34 10.08 81.71% 0.18 92.90 92.72 

15 - 24.99 4655 30.52 28.10 92.08% 0.21 171.45 171.24 

25 - 40 839 48.18 45.95 95.38% 0.38 243.85 243.47 

> 40 2395 64.82 62.86 96.98% 4.86 511.84 506.97 

Total 20978 21.36 33.68 157.68% 0.05 511.84 511.79 

 

 

0 - 5 5 - 10 10 - 20 20 - 40 40 - 60 60 - 80 80 - 100 > 100

Box-and-Whisker Plot
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3.7.4 One-Way ANOVA - A by R_Class 
Dependent variable: A (Soil loss) 

Factor: R- Class  

Number of observations: 20978 

Number of levels: 5 

 

This procedure performs a one-way analysis of 

variance for A.  It constructs various tests and graphs to 

compare the mean values of A for the 5 different levels of 

R Class’s.   

Table N°6 shows various statistics for A for each 

of the 5 levels of R Class’s. The one-way analysis of 

variance is primarily intended to compare the means of the 

different levels, listed here under the Average column. It 

also shows that the highest soil loss averages are recorded 

in the class of rainful erosivity (R) between 75 and 84.99, 

followed by the R class between 85 and 94.99, with 

averages of (24.75) and (23.77 t ha
-1

 yr
-1

) successively. 

The maximum value of soil loss is registred in the fourth 

class (95 - 110), followed by the class (85 – 94.99) 

(Figure-5). 

 

Table-6. Summary Statistics for A by R Class. 
 

R_Class Count Average Standard deviation Coeff. of variation Minimum Maximum Range 

< 75 4629 21.11 30.18 142.95% 0.05 301.99 301.94 

75 - 84.99 3364 24.75 40.68 164.40% 0.11 394.69 394.58 

85 - 94.99 5043 23.77 34.95 147.08% 0.05 422.52 422.47 

95 - 110 7229 18.98 31.89 168.01% 0.15 511.84 511.68 

> 110 713 14.04 22.28 158.77% 0.19 171.45 171.27 

Total 20978 21.36 33.68 157.68% 0.05 511.84 511.79 

 

 
 

Figure-5. Plot of soil loss by R-class. 

 

3.7.5 One-Way ANOVA - A (soil loss) by Ka_Class 
Dependent variable: A (Soil loss) 

Factor: Class _Ka 

Number of observations: 20978 

Number of levels: 5 

This procedure performs a one-way analysis of 

variance for A.  It constructs various tests and graphs to 

compare the mean values of A for the 5 different levels of 

K_Class.  

 

Table-7. Summary Statistics for A by Ka-class. 
 

Class _Ka Count Average S. D Coeff. of variation Min Max Range 

< 0.3 3168 11.23 19.34 172.21% 0.05 257.27 257.22 

0.3-0.39 10893 18.97 25.82 136.15% 0.16 212.47 212.31 

0.4-0.5 3460 18.30 30.43 166.27% 0.20 302.76 302.56 

0.501-0.6 408 40.81 47.90 117.39% 0.49 261.72 261.23 

> 0.6 3049 41.30 55.61 134.64% 0.33 511.84 511.51 

Total 20978 21.36 33.68 157.68% 0.05 511.84 511.79 
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The Table-7 shows various statistics for A for 

each of the 5 levels of Ka Class. The one-way analysis of 

variance is primarily intended to compare the means of the 

different levels, listed here under the Average column. It 

also shows that the highest soil loss averages are recorded 

in two high class of soil erodibility’s, (0.501-0.6) and 

0.6<ka (Figure-6), with averages of 41.30 and 40.81 t ha
-1

 

yr
-1

. 

 

 
 

Figure-6. Plot of soil loss by Ka-class. 

 

3.7.6 One-Way ANOVA - A by C_Class 

Dependent variable: A  

Factor: C_Class 

Number of observations: 207978 

Number of levels: 4 

This procedure performs a one-way analysis of 

variance for soil loss (A).  It constructs various tests and 

graphs to compare the mean values of A for the 4 different 

levels of C Class.  

 

Table-8. Summary Statistics for A by C Class. 
 

C_Class Count Average Standard deviation Coeff. of variation Minimum Maximum Range 

0.1-0.24 6939 7.82 9.65 123.29% 0.05 102.37 102.32 

0.25-0.39 3143 17.11 22.36 130.71% 0.14 172.68 172.54 

0.40-0.54 1486 21.50 27.72 128.93% 0.24 193.44 193.21 

0.55-1 9410 32.74 43.60 133.20% 0.31 511.84 511.53 

Total 20978 21.36 33.68 157.68% 0.05 511.84 511.79 

 

The analysis of Table N° shows that soil loss (A) 

is proportional to C class, and the highest soil loss average  

is recorded in high class of  land cover factor (0.55-1), 

with an average of (32.74) t ha
-1

 yr
-1

,the minimal value is 

enregistred at the minimum class (0.1- 0.24 ).              

 

 
 

Figure-7. Plot of soil loss by C-class. 

 

 

 

3.8 General discussion and perspectives 

The quantification of soil water erosion in the 

watershed of Beht upstream of Ouljat Soltane by the 

revised universal soil loss equation RUSLE showed that 

the study basin loses an average of 21.36t/ha/year. This 

value corresponds to very significant erosion, favored by 

the combination of various erosion factors. The study area 

has a highly diversified mountainous aspect with altitudes 

ranging from 299m to 2134 m. The terrain is characterized 

by high slopes; 46% of area has a slope superior than 15%, 

and only 19% has a moderate slope. On the other hand, an 

aggressive Mediterranean climate is prevailing in this 

basin characterized by spatio-temporal irregularity of 

precipitation, and the rainfall aggressiveness that ranges 

between 65 and 127.5. In addition, the forest degradation 

due to anthropogenic pressure (overgrazing in the forest 

land, timber’s irregular extraction, exploitation of the 

spontaneous vegetation in the study basin by the local 

population in order to satisfy theirs energy wood needs), 

all these factors, weaken the soil protection Against 

erosion [32] (only 35% of the land has good vegetation 

protection). Besides this critical situation, other erosion 

factors are added to accentuate its effects. Indeed, 89.27 % 

of the study area has high soil erodibility (Ka) (from 0.3 to 
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0.67); whereas, only 11.5% has a low soil erodibility with 

ka lower than 0.3. These values demonstrate a high degree 

of soil lithology fragility in the region, particularly in the 

study basin. The topographical factor (LS) which depends 

on the slop and the length of slope presents a great spatial 

variability (between 0.44 and 125.67). Actually, although 

87.8% of the surface has a relatively low LS factor (< 5), 

the rest has high values. The One-Way ANOVA of 

prediction of soil (A) by LS_Class implies that the highest 

losses are always located in the higher topographical 

factor land.  

Indeed LS factor facilitates the mobilization of 

soil particles from the first water slides in the land at low 

vegetation cover. In the rangeland, the situation is 

relatively severe especially by adding the cattle trampling 

which increases soil particles disaggregation. The 

continuously grazed pasture banks had the highest erosion 

rates [33]. The case of sloping crops is even more serious 

because conditions become very favourable to strong soil 

erosion, and soil erosion may initiate landslide [2] if the 

causal factors are not attenuate by the control measures 

(cultural practices).  

Anti-erosion measures lies first and foremost on 

reducing the slopes effect (to proceed at the Sloping 

terraces by fitting benches, steps, stone ropes, or by 

vegetable strips to reduce the erosion effect). The effluent 

works must be designed so as to break the erosive water 

force by first reducing its kinetic energy and secondly 

increasing the soil impermeability implementing the 

following cultural practices [2]: plowing according to 

contour lines, double-scratch technique, addition of humus 

and organic matter to soil, alternation of legumes and 

cereals, and  for intervention to be part of the sustainability 

and low economic cost it is necessary to plan vegetated 

bands by planting trees based on fruit trees, both, or forage 

plants with a perennial character . 

The average of soil loss evaluated by the RUSLE, 

using remote sensing and GIS must be taken with a great 

deal of consciousness. Actually, an annual soil loss of 

(21.36 t / ha / year) generate a total quantity of soil loss 

which is more than 5 282 050 tones /year at this 

watershed. If this volume entirely reaches the downstream, 

it will significantly decreases the storage capacity of The 

Ouljat Soltane dam, and it will subsequently reduces its 

lifetime, in addition to other detrimental effects caused by 

this phenomenon (soil depletion, reduction of the 

agricultural productivity of land, downstream inundation, 

etc.). The necessity of a real policy of integrated 

management of watersheds is essential. However, the 

National Watershed Management Plan is the base of this 

policy, but it needs to be strengthened by a legal arsenal 

on sloping land use, based on the concept of land 

destination, through incentives for good management 

practices of land. This will undoubtedly lead to sustainable 

management of water and soil. In order to ensure the 

success of these measures, which can be ineffective as a 

consequence of social problems of rural populations, 

several approaches have to be adopted (partnership 

approach, participatory approach, solidarity approach 

upstream, basin-pouring approach, among regions and 

interregional cooperation, etc.). 

Rational management of natural resources, 

particularly of soil, forest, and water in watersheds, 

requires a strong collaboration among all actors with also a 

harmonization of their interventions. The integration of the 

target population into erosion control measures is essential 

for promoting sustainable development while respecting 

the ecological balance of the natural ecosystems. 

 

CONCLUSIONS 

Although it is subject to criticism in view of the 

limits of which it is being accused, the quantification of 

erosion by the universal equation of soil loss RUSLE 

utility remains undisputed thanks to the multiple 

advantages it presents, especially when  it is associated 

with remote sensing and GIS (to assist policy makers and 

managers in simulating erosion assessment scenarios for 

the large area, to plan erosion control interventions, and to 

also monitor the impact of land use/land cover on the 

climate change. In addition, it allows following the spatio-

temporal evolution of this phenomenon in order to better 

target interventions of erosion controls to reduce its 

negative effects. 
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