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Abstract Soil erosion is a natural process causing grave land degradation problems. In

Tunisia, soil erosion represents a serious environmental problem. Both man-made and

natural phenomenon is reducing acres of agricultural land. The problem of soil erosion by

water is very critical in Lebna watershed. In fact, Lebna is a town in the northeast of

Tunisia and it seems high time to protect water and ground resources and to prevent the

Lebna dam situated in the downstream from silting. In this context, the application of

geographic RUSLE model using the techniques of geographic information system (GIS)

and remote sensing has made it possible to assess the estimation of the soil erosion risk at

the targeted watershed. This model is composed of several factors associated with climate,

topography, soil and vegetation. The spatial distribution of annual average rate of soil loss

resulting of this methodology shows an average of 24 ton/ha/year. Consequently, this

method based on a combination of RUSLE as erosion model gave very similar results with

bathymetric measures performed by Institute of Research for Development. It was about

29 ton/ha/year. Accordingly, Lebna watershed belongs to a zone of rather a steep erosive

potential knowing that the maximum acceptable limit value of the erosive potential esti-

mated is 12 ton/ha/year (Roose in Introduction à la gestion conservatoire de l’eau, de la

biomasse et de la fertilité des sols (GCES). FAORome, 1994). The results have shown that

I. Gaubi and A. Chaabani have contributed equally to this work.

& A. Chaabani
achaabani@kau.edu.sa; chaabani1984@gmail.com

1 Minerals Resources and Environment Laboratory, Department of Geology, Faculty of Sciences of
Tunis, University of Tunis El Manar, Tunis, Tunisia

2 Department of Hydrology and Water Resources Management, Faculty of Meteorology,
Environment and Arid Land Agriculture, Abdulaziz University, Jeddah, Kingdom of Saudi Arabia

3 Department of Geography and Geographic Information Systems, Faculty of Arts, King Abdulaziz
University, Jeddah, Kingdom of Saudi Arabia
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Lebna watershed has a serious risk on soil erosion on sloping land. The highest values are

mainly associated with the steep slopes, poor conservation practices, low vegetation cover

and high rainfall. The final soil loss map can be thus a base to plan appropriate strategies

for decision-makers to avoid soil erosion risks and consequently to lengthen dam life.

Keywords Soil erosion � RUSLE � GIS � Remote sensing � Hydrology

1 Introduction

Soil erosion raises big problems. First, it causes a reduction in farmlands surfaces. Second,

a refilling of lakes and dams. This phenomenon represents an international environmental

problem which degrades grounds, induces a modification of their porosity, a regression of

fertile land surfaces and consequently a reduction in agricultural production. Therefore, to

guarantee enough food, many countries resort to artificial fertilizers to which are added

pesticides. Those are the cause of ground pollution, deterioration of the geochemical

quality of water and the disturbance of the ecological and aquatic environment.

Tunisia, unfortunately, represents a favorable geomorphologic, lithologic, hydro-cli-

matic and socioeconomic model for land degradation. Indeed, soil erosion by water

threatens approximately 3 million ha of which 1.5 million are seriously allocated by a

strong to average soil erosion by water (Achouri 1995; Kefi et al. 2012). Every year,

Tunisia loses some of its land surfaces, and the fertility of the ground is even in regression.

For this reason, coming up with a radical solution is becoming more and more vital.

In this context, we chose to study the water soil erosion in Lebna watershed located in

Cap Bon region (northeast of Tunisia), since it represents a strong water soil erosion.

This region constitutes an important economic, touristic and agricultural pole. Agri-

culture represents one of the earliest primary industries in the Cap Bon region and presents

an important sector of the regional economy. However, the aggressive climate with

irregular precipitation and the fragility of the lithology have been recognized as a major

cause of soil degradation through soil erosion. This problem is considered as the most

serious phenomenon that affects water and soil resources in Cap Bon region.

Due to this alarming situation and in order to preserve natural resources, to protect water

and to prevent the Lebna dam from erosion, we have tried to predict soil erosion loss in

Lebna watershed.

There are several models and methods that consider soil erosion in watersheds, these

methods vary from simple to more complex and differ in their need for data input and their

ability to predict soil erosion by water (Chadli 2016).

Examples of these empirical models are Universal Soil Loss Equation (USLE) (Wis-

chmeier and Smith 1978); Revised Universal Soil Loss Equation (RUSLE) (Renard et al.

1997), Modified Universal Soil Loss Equation (MUSLE) (Williams 1975), etc. These

models have been proved to be effective for estimation of soil loss in different physio-

graphical/climatic conditions in the world (Rozos et al. 2013; Markose and Jayappa 2016;

Pan and Wen 2013).

In order to assess the effects of soil erosion by water, we have used the Revised

Universal Soil Loss Equation (RUSLE) model which is one of the most used methods in

the Mediterranean region: Benkadja et al. (2015), in Algeria; Demirci and Karaburun

220 Nat Hazards (2017) 86:219–239

123



(2012), in Turkey; Chadli (2016), in Morocco; Kouli et al. (2008), in Greece; Fagnano

et al. (2012), in Italy; Kefi et al. (2012) in Tunisia, etc.

The method consists of applying every factor of RUSLE equation to georeferenced data.

Indeed, the field data, the maps and the aerial photography will be integrated into a GIS

software (ArcGIS 10) (Hamza et al. 2007; Li et al. 2013; Ajmi et al. 2014), Hence, we shall

proceed either by digitalization or by data processing to have a thematic map of every

factor of the RUSLE model. Then by overlying these thematic maps, we obtain the soil loss

map.

2 Study area

The river Lebna watershed is in the northeast of Tunisia in the Cap Bon region (Cap Bon

covers an area of approximately 2840 km2. It occupies about 2.4% of the Tunisian terri-

tory). It extends between 10�450–10�580E–10�580E and 36�430–36�530N–36�530N, on

approximately 210 km2 (Figs. 1, 2). The maximum height is situated on Jbal Abd Ar-

Rahman and corresponds to 631 m. The height then decreases quickly to achieve

approximately 100 m in the central zone and continues to decrease very weakly in the

direction of the coast. The annual rainfall average in Lebna watershed estimated is 450 mm

(Fig. 3).

At the downstream of the Lebna watershed, a dam was built in 1986 at the level of the

junction of two rivers: the El Oudiane river and the Bou Dochkane river 3 km far from the

sea. The Lebna dam is the biggest artificial dam built in the Cap Bon, having a capacity of

almost 30 million cubic meters and an average annual supply of 20 million cubic meters.

The objective was to supply an increasing population with water, assuring groundwater

recharge and increasing the agricultural production of the watershed thanks to the irrigation

of the cultures (Mellouli and Abid 2007).

The geology in Lebna watershed represents marly and limestones layers of Eocene

surrounded by concentric haloes of more recent age outcrop: clays and silts of the Oli-

gocene, the silty limestones of Burdigalian, a clayey-marly-silty complex of the middle

Miocene, yellow shelled sands of the Pliocene and clays and clayey sands of the Qua-

ternary (Fig. 4).

3 Materials and methods soil erosion prediction by RUSLE

Soil erosion prediction by RUSLE Revised Universal Soil Loss Equation (RUSLE)

(Renard et al. 1997) is an empirically based model founded on the Universal Soil Loss

Equation, USLE (Wischmeier and Smith 1978). RUSLE model enables prediction of an

annual average rate of soil erosion for a site of interest for any number of scenarios

involving cropping systems, management techniques and erosion control practices. In

the application of RUSLE on GIS environment, soil loss is estimated within the ras-

ter/grid GIS. Raster models are cell-based representations of map features, which offer

analytical capabilities for continuous data and allow fast processing of map layer

overlay operations. Five major factors [rainfall pattern (R), soil type (K), topography

(LS), crop system (C) and management practices (P)] are used in USLE/RUSLE for

computing the expected annual average erosion through the following equation (Renard

et al. 1997):
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A ¼ R� K � LS � C � P ð1Þ

where A = the mean annual soil loss (in ton/ha/year), R = rainfall and runoff erosivity

factor (in MJ/ha/mm/yr), K = soil erodibility factor (in ton/MJ/mm), LS = slope and

Fig. 1 Location of Capbon. Source: Base map of Arcgis
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Fig. 2 Map of Lebna watershed (Spot5)

Fig. 3 Digital terrain model of Lebna watershed
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length of slope factor, C = cropping-management factor, P = erosion control factor

practice.

The combination use of GIS and erosion models (Chen et al. 2011; Gao et al. 2012),

such as RUSLE, has been vastly adopted in many studies and showed to be an effective

approach for estimating the magnitude and spatial distribution of erosion (Millward and

Mersey 1999; Van et al. 2001; Renschler and Harbor 2002; Lu et al. 2004; Shi et al. 2004;

Breiby 2006; Kouli et al. 2008; Bhattarai and Dutta 2008; Terranova et al. 2009; Adediji

et al. 2010; Fu et al. 2010; Bonill et al. 2010; Shieferaw 2011; Wordofa 2011; El Aroussi

et al. 2011; Teh 2011; Prasannakumar et al. 2012; Fagnano et al. 2012; Ashiagbor et al.

2013) (Fig. 5). GIS has emerged as a powerful tool useful for effective decision-making

(Lal 1990).

4 Factors of USLE/RUSLE rainfall erosivity factor (R)

Rainfall erosivity is defined as the aggressiveness of the rain to cause erosion (Lal 1990).

The most common rainfall erosivity index is the R factor of USLE (Wischmeier and Smith

1965, 1978) and RUSLE (Lal 1990). The R factor is considered to be the most highly

correlated index to soil loss at many sites throughout the world (Bolinne et al. 1980; Yu

and Rosewell 1996a, b, c; Bergsma 1980; Aronica and Ferro 1997; Hussein 1986; Wis-

chmeier and Smith 1978; Ferro et al. 1991; Wischmeier 1959). The R factor for any given

period is obtained by summing for each rainstorm the product of total storm energy (E) and

Fig. 4 Geological Map of Lebna watershed (Sheet N� 22: Menzel Bouzelfa. Archambault et al. 1949 and
Sheet N� 15: Tazoghrane. Bensalem H 1989)
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the maximum 30-min intensity (I30). Since pluviograph and detailed rainstorm data are

rarely available at standard meteorological stations, mean annual (Yu and Rosewell

1996a, b, c; Banasik and Gorski 1994; Renard and Freimund 1994) and monthly rainfall

amount (Ferro et al. 1991) have often been used to estimate the R factor for the USLE.

Rango and Arnoldus formula was used to estimate the R factor using monthly and annual

rainfall data Eq. (2) (Rango and Arnoldus 1987).

logR ¼ 1:74 � log
Xn

i¼0

Pi2 � P
� �

þ 1:29 ð2Þ

where Pi: monthly rainfall in mm, P: annual rainfall in mm.
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Fig. 5 Used RUSLE schematic approach
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In Lebna watershed and its surroundings, there are five rainfall stations with monthly

rainfall data available with an observation period from 2000 to 2009 (Table 1).

We therefore calculated rainfall aggressiveness at each station using the Rango and

Arnoldus formula (Table 2). Then to extrapolate the values of the R factor in the entire

watershed, we plotted lines with the same climatic aggressiveness according to the tracing

isohyets principle between the five stations. We used the ArcGIS ‘‘Spatial Analyst’’

module where we interpolated data applying the ‘‘Inverse Distance Weighted’’ method

(Prasannakumar et al. 2011; Naqvi et al. 2013). Then we used the ‘‘Contour’’ function to

get the distribution of rainfall contour in the watershed of the Lebna River. The result

shows that the rainfall erosivity factor ‘‘R’’ varies from 73 MJ mm/ha h an at the Lebna

dam station which lies at the downstream of the watershed to 95 MJ mm/ha h an at

Kamech station localized at the upstream (Fig. 6).

5 Soil erodibility factor (K)

Soil erodibility factor (K) represents the susceptibility of a soil to erode and the amount and

rate of runoff, as measured under the standard unit plot condition. The unit plot condition is

a continuously cultivated fallow plot, 72.6 ft (22.1 m) long with a slope of 9% (Renard

et al. 1997). The soil erodibility factor is a quantitative value experimentally determined.

The K values are estimated using information about soil properties, such as soil texture,

content of organic matter, soil structure and permeability (Renard et al. 1997; Ferreira and

Panagopoulos 2014). An algebraic approximation (Wischmeier and Smith 1978) of the

nomograph was used to estimate soil erodibility factor (K):

K ¼ 2:1 � 10�4 � 12 � OMð Þ �M1:14 þ 3:25 � S� 2ð Þ þ 2:5 � P� 3ð Þ
� �

� 100 ð3Þ

where OM: organic matter, S: soil structure, P: soil permeability class.

M: the product of the primary particle size fractions (% Msilt) 9 (%Msilt ? %Msand),

where % silt is percent modified silt (0.002–0.1 mm) and % sand is percent modified sand

(0.1–2 mm).

K is expressed with US units and division with the factor 7.59 will yield K values

expressed in SI units of t ha h/ha/MJ/mm.

The determination of the K factor in the watershed of the Lebna River is based on the

soil erosivity factor values varying according to soil type established in Kamech which lies

north east of the watershed (Table 3) (Chaibi 2001). Indeed, we digitized soil map of the

watershed Lebna established by IAO in 1998 and we assigned to each soil unit the cor-

responding soil erosivity factor index.

Table 1 Rainfall data
(2000–2009)

No Station X (UTM) Y (UTM) Average
rainfall (mm)
(2000–2009)

1 Lebna dam 672,050 4,067,422 455.63

2 Hir Lebna Rojat 670,839 4,059,721 438.9

3 Chiba dam 655,954 4,064,675 598.91

4 Bezirk dam 651,869 4,076,102 582.48

5 Kamech 666,608 4,082,247 648.4
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The soil erodibility factor ‘‘K’’ expresses the susceptibility of a soil to erode. The most

sensitive grounds in Lebna are the weakly developed soils, Regosols and on marls

(Haploxeralfs) with a value of 0.091, the least sensitive are vertisol with external drainage

reduced to clayey structure and on marls with a value of 0.024 (Fig. 7).

6 Slope length (L) and slope steepness (S) factors

Slope length (L) is defined as the horizontal distance from the origin of overland flow to the

point where either the slope gradient decreases enough that deposition begins or runoff

becomes concentrated in a defined channel. The slope steepness (S) factors show the

influence of slope gradient on erosion (Wischmeier and Smith 1978). Ever since the first

Fig. 6 Spatial distribution of rainfall erosivity factor on the Lebna watershed

Table 3 Soil erodibility factor
values varying according to soil
type on Kamech watershed
(Chaibi 2001)

Soil type K

USA SI

Xerorthents 0.25 0.035

Xeropsaments 0.18 0.025

Haploxeralfs 0.65 0.091

Haploxerepts 0.27 0.038

Haploxererts 0.17 0.024

Calcixerpts 0.27 0.038
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applications of USLE, estimating the slope length factor has given rise to many calculation

difficulties. Direct measurements of slope and slope length were initially proposed to

evaluate these factors (Renard et al. 1997). However, this method is only suitable for small

plots and parcels, because intensive field measurements are obviously not feasible on a

regional scale. In watershed scale, the use of a digital elevation model (DEM) in GIS

(Fig. 3), for data input, is a better approach (Nekhay et al. 2009).

In this study, to estimate this factor we created a DEM in ArcGIS software by digitizing

contour lines from topographic maps (Rozos et al. 2013). GIS analyses allow users to

generate slope steepness (S), and slope length (L) raster covers by a number of different

methods. In that case, the combined LS factor was computed for the watershed by means of

ArcGIS spatial analyst extension using DEM, following Eq. (4), as proposed by Mitasova

and Hofierka (1996):

LS ¼ mþ 1ð Þ a � Cell size � a0½ �m� sin Sð Þ � S0ð Þ½ �n ð4Þ

where a = surface of contribution at the upstream, S = slope in degrees, a0 = 22.13 m

and s0 = 0.09, m = 0.6 and n = 1.3 (notice: the values of parameters in Eqs. (2), (3) and

(4) are scientific and rational for my study area. These parameters have been used by

several researchers in Tunisia, such as Mansouri (2001)).

According to the LS factor distribution map in the Oued Lebna watershed, we can

distinguish several classes and the steepest values are localized in the upstream of the

watershed, what can confirm the reliability of the result (Fig. 8).

Fig. 7 Spatial distribution of the soil erodibility factor

Nat Hazards (2017) 86:219–239 229

123



7 Cropping: management factor (C)

The crop management factor represents the ratio of soil loss under a given crop to that of

the base soil (Morgan 1994). The cover management factor (C values) reflects the effect of

cropping and management practices on the soil erosion rate (Renard et al. 1997). It is used

to determine the relative effectiveness of soil and crop management systems in preventing

soil loss.

The C value is a ratio comparing the soil loss from land under a specific crop and

management system to the corresponding loss from continuously fallow and tilled land. To

determine the C values of land-use/land-cover map of the study area, we have used remote

sensing technology. Indeed, a land-use and land-cover map of the study area was prepared

from Image Spot5 acquired on 27 May 2005 with the resolution 10 m by 10 m, provided

by the IRD (Institut de recherche pour le développement = French Research Institute for

Development, Tunisian Agency). Maximum likelihood classification, one of the most

common supervized classification techniques, was employed using ERDAS IMAGINE 13

software. This classification was complemented with field survey providing information

about the types of land-use and land-cover types (Xu et al. 2011; Priess et al. 2013).

Indeed, in our study, we have used the land cover of Kamech (sub-catchment of Lebna)

established by the OMERE institution (Observatoire Méditerranéen de l’Environnement

Rural et de l’Eau) in the hydrological year 2004–2005. Moreover, we have used as a

reference the panchromatic band of the spot image characterized by a high resolution.

We have collected random and dispersed field survey samples using Garmin eTrex GPS

for the validation of the classified image. An accuracy assessment was used to evaluate the

Fig. 8 Spatial distribution of (LS) factor
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resulting classified map using a field sample and land cover of Kamech as reference. In our

case, Kappa coefficient was 82%, which means that our classification is satisfactory (Ozsoy

et al. 2012).

Five land-use and land-cover classes were recognized. These include forest, shrub or

bush, agricultural, urban and bare land. After changing the coverage of the image, a

corresponding C value was assigned to each land-use class using the ‘‘reclassify’’ method

in ArcGIS.

This factor is expressed by the nature of vegetable cover on the watershed. So, basing on

Masson (1971) literature reviews in Tunisia and Chaibi (2001) on the Kamech site (Cap

Bon), we assigned to each kind of land cover the corresponding C value (Tables 4, 5;

Fig. 9).

8 Erosion control factor practice (P)

The P factor is the ratio of soil loss with specific support practice to the corresponding loss

with up and down slope tillage. These practices proportionally affect erosion by modifying

the flow pattern, gradient or direction of surface runoff and by reducing the amount and

rate of runoff. The P values are between 0 and 1. Throughout the watershed of the river

Lebna, there are some of anti-erosion practices, but they represent only 0.5% (1.12 km2) of

the total catchment area which is 210 km2. Farmers do not use erosion control practices,

farming is mostly a cereal crop and plowing are rarely parallel to the contour lines. In this

context, the value P = 1 was assigned to the entire basin area (Saygin et al. 2014).

Table 4 C values according to culture type in Tunisia (Chaibi 2001)

Land cover C values

Agricultural areas: arable land (non-irrigated arable land) Flow land 0.8

Tillage 0.7

Cereals 0.35

Legumes 0.35

Market gardening 0.35

Agricultural areas: permanent crops (olive groves) Olive groves 0.4

Forests and semi-natural: shrub and/or herbaceous
vegetation association (natural grassland)

Natural grassland 0.25

Table 5 C values according to culture type on Kamech watershed (Masson 1971)

Land cover C values

Artificial surfaces: urban fabric (discontinuous urban fabric) Bare soil 1

Agricultural areas: permanent crops (fruit trees and berry plantations) Fruit trees 0.9

Agricultural areas: arable land (non-irrigated arable land) Cereals 0.4

Agricultural areas: pastures (pastures) Fodder 0.2

Grazing 0.01
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9 Results and discussion

The RUSLE equation was used to calculate the annual average soil loss rate (A) in ton/ha/

year. In order to predict the annual average soil loss rate in the upper catchment of Lebna,

the R, K, LS, C and P factors from the earlier sections were multiplied using the raster

calculator function tool of ArcGIS (Jinghu and Yan 2014; Tang et al. 2014).

The result allowed us to estimate the average rate of soil erosion on every point of the

watershed and to elaborate the synthetic soil loss map. For legibility reasons, we dis-

tributed the specific erosion into nine classes (Fig. 10). Indeed, the map that we obtained

has pointed out the existence of different zones and each one is characterized by an erosive

potential. We distinguish zones with a low erosive potential at plains (10 ton/ha/year),

zones with an average erosive potential (between 10 and 20 ton/ha/year) and zones with an

important erosive potential in the upstream 20 ton/ha/year. The average loss by water soil

erosion estimated according to the model for a period between 2000 and 2009 is about

24 ton/ha/year. According to this loss, Lebna watershed belongs to a zone of rather steep

erosive potential knowing that the maximum acceptable limit value of the estimated

erosive potential is 12 ton/ha/year (Roose 1994).

According to Kefi et al. (2011), there are different methods to validate erosion risk map

in large areas such as direct measurement of erosion volume on the field (Bracken and

Kirkby 2005), measurement of sediment deposition in lakes and dams reservoirs (Van

Rompaey et al. 2003) and detection of spatial distribution of radioactive tracer (Walling

et al. 2003). The identification of erosion features by remote sensing is also applied

(Vrieling et al. 2008).

Fig. 9 Spatial distribution of the cropping–management factor (C)
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In our case, a comparison between observed and predicted of annual soil loss was done,

knowing that observed soil loss is a direct measurement of sediment deposition in Lebna

dam reservoir.

The estimated average sediments supplies, since the Lebna dam construction until 2003,

are calculated using the bathymetric measures campaigns elaborated by the services of the

IRD, it is about 16.78 m3/ha/year which is equal to 29 ton/ha/year for a density of sedi-

ment equal to 1.7 t/m2 (Mellouli and Abid 2007). By comparing this value with the specific

erosion estimated by the RUSLE model which is 24 ton/ha/year, we notice that the results

are rather close.

The noticed gap is due to the limits of the model. The model does not inform about the

losses in lands due to mass movement or to the landslides. In addition to that, human factor

such as the overgrazing is only partially taken into account during the determination of the

cropping-management factor (C). Thus, the experimental results can also be criticized.

After the check and the validation of the model, we tried to identify the sensitive zones

that represent erosion risks (Wu et al. 2012; Arekhi et al. 2012; Pradeep et al. 2014; Kumar

et al. 2014). Indeed, the observation of the soil loss map obtained by the RUSLE model

highlighted the zones where the erosion is very important. It is essentially localized in the

upstream of the basin and especially on the left bank. This sector is very sloping (LS is the

steepest) near Jbal Abd Ar-Rahman and characterized by a geological substratum formed

mainly by soft marly and clayey rocks alternating with silty bars.

At Kamech watershed, the left side is very affected compared to the right one. Indeed, a

study by Mansouri (2001) has the same conclusion. This phenomenon which affected the

Fig. 10 Spatial distribution of the specific erosion in the Lebna watershed according to USLE/RUSLE
model
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left bank more than the right one is due to the slope of the geological layers in the left bank

which is the same as that of the runoff. Consequently, all the zones are dissected by the

erosion.

To protect the sensitive zones presenting an erosion risk, we tried to make a simulation

by adding antierosive practices at zones where emergency intervention is needed. This

simulation was applied to the USLE/RUSLE model. The choice of the conservation

practices improvements and the decisions to set must be based on the geomorphologic

factors of the ground (Bhandari et al. 2015). Indeed, according to the diagram of (Fig. 10),

the type of the conservation practices depends on the topographic slope. We notice that the

installation of contour ridge benches is the most effective solution for the sloping grounds

from 3 to 24%. These practices are generally realized on soft substrata (marly and alluvial)

and have an effect especially on the gully erosion, by decreasing the runoff flow speed and

limiting so considerably the risks of lake sedimentation.

For the classes with slopes lower than 3% and superior to 24%, contour ridges are the

most effective to slow down the speed of the streaming and so reduce the solid transport.

This kind of erosion control measure must be installed on limestone encrustations or crusts.

In Lebna watershed, the substratum is rather soft. This favors more the setting-up of

contour ridge benches. One of the simulation stages consists of applying in the RUSLE

model different value of the erosion control factor practice (P) at simulation zones.

According to the diagram of Fig. 11, we attributed to (P) a value of 0.45 for the surface

treated by contour ridges (for classes of slopes from 24 to 100%) and a value of 0.19 for

surfaces treated by contour ridges benches (for classes of slopes from 3 to 100%).

Although the zones of simulation represent only a small surface (10 km2) of the Lebna

watershed (5%), the specific erosion average decreased about 2.5 ton/ha/year (estimated

value is 22.5 ton/ha/year for this case of simulation). This is because we placed these

conservation practices in zones with high risk of erosion at the upstream (Fig. 12).

Indeed, these results show that the modification of the (P) factor has an effect on the

erosion: The more it decreases and goes toward zero, the more the erosion decreases.

Fig. 11 Efficiency of the antierosive practices according to topographic slope (Zante et al. 2003)
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10 Conclusion

In the present study, we have applied remote sensing and GIS-based soil erosion assess-

ment techniques to investigate the spatial distribution of annual soil loss in Lebna

watershed.

Furthermore, the empirical model RUSLE for assessing soil erosion is used to evaluate

soil erosion potentials in this area and to detect the sensitive zones presenting a priority of

protection. This model is composed of several factors associated with climate (R),

topography (LS), soil (K), vegetation (C) and conservation practices (P).

The quantitative evaluation by USLE/RUSLE model showed that the study perimeter

losses on average 24 ton/ha/year. Consequently, this method based on a combination of

RUSLE as erosion model gave very similar results with bathymetric measures performed

by (IRD/ACTA/DGBTH). It was about 29 ton/ha/year. However, the low gap between

RUSLE model and bathymetric measures is due to geomorphic processes such as slope

movement in steep mountain and to the low accuracy of input data such Spot5 image

(10 m).

The obtained result in this search corresponds to a rather strong erosion, favored by an

aggressive climate with irregular precipitation and presenting a stormy character, the

fragility of the lithology where dominates soft rocks, strong slopes, zones on bared soil and

a lack of conservation practices.

The results indicated that Lebna watershed has a serious risk on soil erosion caused by

sloping land and the filling of Lebna dam located at the downstream watershed.

Fig. 12 Simulation of the antierosive practices on the Lebna watershed
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In our case, we found that conservation practices are almost absent. To demonstrate

their efficiency and positivity effect in controlling the soil erosion by water, we have added

some conservation practices at sensitive zones to erosion. The result showed with the new

simulation by the USLE/RUSLE model in Lebna watershed that the soil loss decreased

about 2.5 ton/ha/year.

The USLE/RUSLE model thus brings an important help for the decision-makers to

simulate scenarios for antierosive practices evaluation in the region and plan the inter-

ventions to control erosion. It also allows to detect sites presenting a priority which are the

most sensitive and the most affected by the erosion. So, this research allows to disentangle

the utility of the RUSLE model to manage and preserve grounds.
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