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Abstract: Soil erosion is one of the most important environmental problems which can have various 

negative consequences, such as land degradation affecting the sustainable development and the ag-

ricultural production, especially for developing countries like Tunisia. Moreover, soil erosion is a 

major problem around the world because of its effects on soil fertility by nutriment loss and siltation 

in water bodies. Apart from this, soil erosion by water is the most serious type of land loss in several 

regions both locally and globally. This study evaluated regional soil erosion risk through the deri-

vation of appropriate factors, using the Revised Universal Soil Loss Equation (RUSLE), which was 

applied to establish a soil erosion risk map of the whole Tunisian territory and to identify the vul-

nerable areas of the country. RUSLE model take into account all the factors playing a major role in 

erosion processes, namely the erodibility of soils, topography, land use, rainfall erosivity and anti-

erosion farming practices. The equation is thus implemented under Geographic Information System 

(GIS) “Arc GIS Desktop”. The results indicated that Tunisia has a serious risk of soil water erosion, 

showing that 6.43% of the total area of the country is affected by a very high soil loss rate estimated 

at more than 30 t/ha/year and 4.20% are affected by high mean annual soil loss ranging from 20 to 

30 t/ha/year. The most eroded areas were identified in west southern, central and western parts of 

the country. The spatial erosion map can be used as a decision support document to guide decision-

makers towards better land management and provide the opportunity to develop management 

strategies for soil erosion prevention and control in the global scale of Tunisia. 

Keywords: RUSLE model; GIS; soil water erosion; integrated approach; sustainable development; 

land degradation; vulnerable areas; soil loss rate. 

 

1. Introduction 

Large-scale soil erosion was known to be one of the most severe problems that can 

lead to environmental damage [1,2] and consequences affecting the political, social and 

economic aspects of countries[3], particularly the developing countries. The most domi-

nant agent of the soil erosion is the water [4], removing the soil surface materials and 

including detachment, transportation and deposition of the particles by rainfall and run-

off. Soil erosion caused by water is defined as the breakdown of soil structure and detach-

ment of soil particles due to falling raindrops and water flow exceeding a critical threshold 

[5]. The raindrops, with which soil particles (sediments) are detached, hit the topsoil of 

ground surface by splash during rainfall. The detached sediments can be transported to 

rills. The rills were gradually joined together to form large channels leading to gully ero-

sion. The natural process of the removal of soil particles by water runoff and their redis-

tribution downslope represents one of the main types of soil degradation [6]. It can cause 

negative consequences on soil productivity, human health and the earth’s environment, 
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as well as on habitat which can have gradual degradation [7,8]. Many researchers have 

focused their studies on soil erosion by water to assess soil erosion losses in different re-

gions of the world using remote sensing and GIS technology [5,9,10,11,12,13]. The Land 

Use and Land Cover (LULC) can influence the soil erosion process in a positive or nega-

tive way [14]. Human activities can accelerate the process of erosion, transport, and sedi-

mentation such as urbanization, mining and construction of roads, highways and dams 

[8]. 

More than 80 soil erosion models [15,16,17,18,19,20,21,22,23], with varying degrees 

of complexity, have been developed to evaluate potential soil loss for different spatial and 

temporal scales [24,25], such as the Universal Soil Loss Equation (USLE), which was de-

veloped by Wischmeier and Smith in 1965 from measurements on elementary experi-

mental plots respecting exact dimensions [26]. However, this model had certain limita-

tions since it only took into account sheet erosion processes at the scale of the plot 

[27,28,29]. To remove these limitations, the model has been improved, modified and re-

vised in several versions by integrating runoff factors to adapt it to the scale of a rainfall 

event [30]. Indeed, the USLE model has moved to MUSLE model "Modified Universal Soil 

Loss Equation", taking into account the topographic complexity through the use of the 

Digital Elevation Model (DEM) and anti-erosive practices. Finally, the RUSLE “Revised 

Universal Soil Loss Equation” improves the determination of the different factors of soil 

water erosion [31]. This new Revised USLE equation maintains the basic structure of USLE 

but uses new algorithms to calculate and estimate the individual factors. RUSLE model 

takes the form of a mathematical equation that uses erosion factors as inputs to estimate 

the mean annual soil losses resulting from sheet and rill erosion [32]. It is an empirical 

model that brings together the factors affecting the rate of water erosion, namely the ki-

netic energy of intense rainfall, soil properties, terrain characteristics, soil protection by 

vegetation cover and anthropogenic practices. This model does not consider erosion pro-

cesses such as detachment, transport and deposition to estimate soil loss. The revised 

Wischmeier equation is combined with GIS techniques to assess soil loss rate and its spa-

tial distribution across different land covers, taking into account the advantages offered 

by GIS and geospatial data [33,34,35] that can lead to more efficient, more precise and less 

time-consuming results [36], thus helping to guide decision-making. RUSLE model is not 

used to estimate the amount of sediment migrating from a specific watershed, but the 

amount of soil lost from any area [37]. For this, the model retains the same form as the 

equation used in the USLE model. 

The RUSLE model involves the spatial combination of the different factors contrib-

uting to soil erosion. It was used to calculate soil losses (A) which is a multiplicative func-

tion taking into account the erosivity and the aggressiveness of rainfall and runoff (R fac-

tor) [megajoules millimeter hour−1 hectare−1 year−1], the soil erodibility (K factor) [ton 

hour megajoules− 1 millimeter− 1] and the resistance of the environment (C, P and LS fac-

tors) [dimensionless]. LS in RUSLE equation is generally the combination of L and S, rep-

resenting the effect of the topography on erosion rates [38]. The RUSLE model has been 

used worldwide and adapted according to the climatic, topographic and soil context 

[9,10,39,40]. It is still used widely to estimate soil erosion all over the world [41] and can 

be used to estimate soil erosion for large areas, up to country level [42].  

Therefore, modeling of soil water erosion in Tunisia using geospatial data and inte-

grated approach of RUSLE and GIS aimed to estimate the spatial distribution of soil ero-

sion of the overall study area, which can be useful to contribute to a better understanding 

of the soil degradation of large-scale areas. The spatial soil erosion map produced, can 

serve as a useful input for deriving land planning and management strategies and provide 

an opportunity to develop a decision plan for soil erosion prevention for better control 

and protection of both natural and man-made resources available in Tunisia.  

 

2. Materials and Methods 
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2.1. Description of the study area 

The republic of Tunisia, located in the North of African continent, is situated between 

30°13’ and 37°20’ north latitude and 7°32’ and 11°36’ east longitude (Figure 1). It is located 

also in the south part of the Mediterranean Sea and bordered by Lybia at the South-East 

and by Algeria at the West. The study area covers 155084 km2, including the two main 

islands (Jerba and Kerkennah) but without the other small islands, such as Kneiss, Zem-

bra, Kuriat, Galite and Chikly. Tunisia is the smallest country in North Africa, with a 

coastline on the North and East having around 1,300 km. 

                Figure 1. Location map of the study area. 

Tunisia has different types of landscapes, with mountainous areas in the North-West 

(Figure 2), upper and lower Steppe areas in the center and wide plains in the East. The 

depressions of the great Chotts mark the beginning of the Sahara in the South, with the 

mountains of Dhahar and the plains of Jeffara. The lowest altitude is 27 m below sea level, 

relating to the chott areas, and the highest is 1549 m above sea level, in Jbel el Chaambi, 

with an average elevation of 256 m for the whole study area. 
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                                  Figure 2. Distribution of altitudes in Tunisia generated from ASTER DEM data. 

 

Tunisia has ten different bioclimatic zones (Figure 3), characterized by three factors: 

the mean annual precipitation which decreases from North to South, the highest mean 

temperature of the hottest month (August) and the mean lowest temperature of the cold-

est month (January) [43]. The winter in Tunisia is soft and humid with temperatures be-

tween 8°C and 15°C and the summer is hot and dry with temperatures between 22°C and 

35°C which can even exceed 40°C in August.  Its northern part has a humid higher, hu-

mid lower and sub-humid bioclimate with an average annual rainfall, for the previous 31 

years (from 1990 to 2020), of 650-736 mm. The central regions have a semi-arid higher, 

semi-arid middle, semi-arid lower and arid-higher bioclimate with 250-650 mm annual 

rainfall. The southern part has an arid lower, Saharan higher and Saharan lower biocli-

mate with 37-250 mm annual rainfall.  
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                    Figure 3. Bioclimatic map of Tunisia. 

2.2. Methodology and data source processing 

The cartographic documents are generally produced at local scales. However, these 

data are often without recent updating, incomplete and sometimes non-existent, such as 

geographical reference data on topography, precipitation, land cover, etc... Similarly, 

georeferenced digital data on a small scale are mostly scarce or obsolete. On the other 

hand, the use of online databases on a global scale has become available these last years. 

Furthermore, the spatial analysis and modeling are facilitated mainly because of the ex-

istence of satellite data which has become very easy to have continuously. Indeed, the 

raster mode with a simple data structure and a regular shape of the grid is very convenient 

to keep geometric properties common to all layers of information, thus facilitating the 

combination of different layers, since all numeric values are dependent on the same base 

unit, the pixel.  

In addition, these data need to be tested in several case studies on a global scale. That 

is why, one of the objectives of this study is to assess the potential of existing digital data 

for spatialized modeling in a GIS of soil water erosion in the current Tunisian context. It 

can be in some cases considered as an alternative to overcome the problem of lack of data. 
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The choice of RUSLE model (Equation 1) in this study was motivated by the fact that 

this model does not differ conceptually from the original soil loss equation (USLE) of 

Wischmeier and Smith [26]. On the contrary, it improves the quality of the environmental 

parameters which define the role of each factor. Also, the input data for this model is eas-

ier to access compared to other more recent models, which require more sophisticated 

data. 

The RUSLE is written as: A=R*K*LS*C*P           (1) 

Where: 

 A is the soil loss per unit area, expressed in the units of K and the period selected 

for R;  

R is the rainfall and runoff erosivity factor;  

K is the soil erodibility factor;  

LS is the slope length and slope steepness factor;  

C is the crop management factor;  

P is the support practice factor.  

RUSLE model was used to estimate the yearly average of soil loss due to water ero-

sion, by taking into account the five factors indicated in equation (1). The latter has been 

applied using GIS and geospatial data composed of: (1) Climatic data including a 31-year 

average annual precipitation downloaded from the NASA-POWER meteorological pa-

rameters, taken from NASA's MERRA-2 assimilation model and necessary for computing 

the rainfall and Runoff Erosivity factor (R). (2) Soil map of Tunisia extracted from FAO 

Digital Soil Map of the Word (DSMW), essential for calculating the soil erodibility factor 

(K). (3) Global Digital Elevation Model (ASTER GDEM), which is used to calculate the 

topographic factor (LS). (4) LULC map of Tunisia extracted from ESRI 2020 Global Land 

Cover and used to calculate and map the vegetative cover factor (C) as well as the support 

and management practice factor (P).  

Each of the factors was derived separately in raster format based on rainfall pattern, 

soil type, topography and LULC data in the context of soil water erosion modeling, in 

order to generate global scale maps. However, the current study, that deal with the esti-

mation of soil erosion by water, did not consider development stage of the crops. Further-

more, the season variability effects were not taken into account.  

The geospatial data with different types and origins are listed in Table 1. Figure 4 

shows the flowchart of the method used for the estimation of each factor and for the anal-

ysis of soil loss based on the RUSLE model and GIS technique. 
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      Table 1. Description of the data sources. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

N° Type of 

Data 

Data description Name of the service that pro-

vide the data 

Link 

1 Rainfall 

data 

Monthly and annual pre-

cipitation data derived 

from NASA's Global Pre-

cipitation Measurement 

(GPM)-CSV file format 

National Aeronautics and 

Space Administration 

(NASA) Prediction of World-

wide Energy Resources 

(POWER project) 

https://power.larc.nasa.

gov/data-access-viewer/ 
 

2 Soil data FAO Digital Soil Map of 

the World (DSMW)-ESRI 

shapefile format 

Food and Agriculture Organi-

zation of the United Nations 

https://data.apps.fao.or

g/map/cata-

log/srv/eng/cata-

log.search#/home 

3 DEM data Terra Advanced Space-

borne Thermal Emission 

and Reflection Radiome-

ter-Global Digital Eleva-

tion Model (ASTER-

GDEM)-Version 3-Grid 

format at 30m resolution    

NASA’s Earth Observing Sys-

tem Data and Information 

System (EOSDIS)  

https://search.earthdata.

nasa.gov/download/ 
 

4 LULC 

data 

ESRI 2020 Global Land 

Use Land Cover from 

Sentinel-2 (TIF file for-

mat) 

The map is derived from ESA 

Sentinel-2 imagery at 10 m 

resolution. 

https://liv-

ingatlas.arcgis.com/lan

dcover/ 
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Figure 4. Flow chart for the analysis of soil loss based on the RUSLE model and GIS technique. 

 

The following parts of this article make a brief description of the various factors 

showed in equation (1) and present the results obtained after modeling and analysis of 

geospatial data. 

2.2.1. Rainfall and runoff erosivity factor (R-factor) 

The estimation of the R factor requires knowledge of the kinetic energies and the aver-

age intensity over 30 min of the raindrops that fall each time, over a long period of up to 

30 years [44]. But this direct method requires precipitation records at high resolutions to 

calculate R-factor. Other authors have developed alternative formulas when these data 

are not available. The equations most used to calculate the R factor using only annual 

precipitation are those of Renard and Freimund [45] (Equations 2 and 3), whose expres-

sions are: 

           R = 0.0483. Pi1.61                             if 𝑃𝑖 < 850 𝑚𝑚     (2) 

           R = 587,8 -1,219 Pi +0,004105. Pi 2             if 𝑃𝑖 > 850 𝑚𝑚   (3) 

 

Where: R is the measure of rainfall erosivity and Pi is the average annual precipitation 

(mm). 

The estimation of rainfall and runoff erosivity using rainfall data with long-time inter-

vals has been conducted by many authors for different regions of the world [36,46]. To 

calculate the average annual R-factor values in this study, a 31-year average annual data 

has been used and an interpolation of this data was applied to have a representative 

rainfall distribution map which is used as input for calculation of R-factor, knowing that 

the rainfall data available for the study area is not homogenous. This parameter, 

S
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expressed in (MJ.mm.ha−1. h−1.year−1), takes into consideration the influence of climatic 

aggressiveness on soil loss [47]. 

To generate the R-factor for the whole Tunisia, a 31-year average annual precipitation 

from 1990 to 2020 required for this study, was downloaded freely, as a Comma-Sepa-

rated Values (CSV) file, from the National Aeronautics and Space Administration 

(NASA) Prediction of Worldwide Energy Resources known as POWER project 

which was initiated in 2003. It provides access to solar and meteorological data sets for 

the entire globe and particularly over regions where surface measurements are sparse or 

nonexistent. The meteorological parameters are based upon the MERRA-2 assimilation 

model. The monthly and annual precipitation data are derived from NASA's Global Pre-

cipitation Measurement (GPM). and an interpolation of this data was applied to have a 

representative rainfall distribution map which was used as input for calculation of R-

factor. Since the mean annual precipitation in Tunisia does not exceed 850 mm, equation 

3 was used to calculate the rainfall-runoff erosivity factor, taking into account the biocli-

matic map of Tunisia which has been developed for climatically homogeneous areas. 

The Inverse Distance Interpolation (IDW) method was used to minimize the calculation 

error and above all to optimize the processing time on the ArcGIS software. It is a 

method that consists in creating, from the aggregated points and the corresponding in-

formation, a value grid with a certain continuity. 

 

2.2.2. Soil erodibility (K-factor) 

The soil erodibility K, expressed in [t. h. MJ−1.mm−1], determines the resistance of 

different types of soil to erosion, knowing that soils are more or less sensitive to water 

erosion. This K factor is determined according to the characteristics of the soil: infiltration 

capacity, retention texture and susceptibility to particle removal. The infiltration and the 

high cohesion of the materials increase the soil resistance to removal and gullying of par-

ticles. The high rate of sand stabilizes the structure of the soil and makes it less sensitive 

to climatic aggression. Similarly, the organic matter improves the physical and chemical 

properties (cohesion, structural stability, porosity) of the soil, increasing the ability to re-

tain water, and strengthens resistance to erosion [48]. Thus, the higher the percentage of 

sand, the more the soil is permeable, which implies a low value of the K-factor and vice 

versa. Bolline and Rousseau (1978) [49] established the classification, in table 2 interpret-

ing the soil susceptibility index. 

Table 1. Description of the data sources. 

Erodibility (K)  Type of soil  

K < 0.10  Soil highly resistant to erosion 

0.10 à 0.25  Soil fairly resistant to erosion 

0.25 à 0.35  Soil moderately resistant to erosion 

0.35 à 0.45  Soil with low erosion resistance 

>0.45  Soil with very low resistance to erosion 

 

However, soil erodibility is not constant, as it varies not only with soil type, but also 

with seasons and cultivation techniques. The soil map of Tunisia was prepared using FAO 

Digital Soil Map of the Word Shapefile (DSMW), where the soil data layer has been 

clipped, according to the country boundaries relative to the study area, in the ArcGIS 

Desktop environment. K-factor was calculated using Williams (1995) [50] formula (Equa-

tions 4) and FAO Digital Soil Map. 

The raster dataset of the FAO/UNESCO Digital Soil Map of the World (DSMW) has 

a spatial resolution of 5 * 5 arc minutes and is in geographic projection. 
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               𝑲 = 𝒇𝒄𝒔𝒂𝒏𝒅 ∗ 𝒇𝒄𝒍−𝒔𝒊 ∗ 𝒇𝒐𝒓𝒈𝑪 ∗ 𝒇𝒉𝒊𝒔𝒂𝒏𝒅             (4)                                         

Where:  

fcsand  is a factor that gives low soil erodibility factor for soils with high coarse-sand 

content and high value for soil with little sand. 

f𝐜𝐥−𝐬𝐢  is a factor that gives low soil erodibility factor for soils with high clay to silt 

ratios. 

forgC  is a factor that reduces soil erodibility for soils with extremely high sand con-

tent. 

fhisand  is a factor that reduces soil erodibility factor with high coarse-sand contents 

and high value for soil with little sand. 

The factors are calculated using these equations (Equations 5, 6, 7 and 8)  

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

100
)]    (5) 

𝑓𝑐𝑙 − 𝑓𝑠𝑖 = (
msilt

mc − msilt
)

0.3

             (6) 

𝑓𝑜𝑟𝑔𝐶 = 1 −
0.25∗orgC

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

𝑓ℎ𝑖𝑠𝑎𝑛𝑑 = 1 − 
0.7(1 − 

ms
100

)

1 − 
ms
100

 +ex p[−5.57+ 22.9(1 − 
ms
100

)]
      (8) 

 

Where, ms is the percent sand content (0.05-2.0) mm diameter particles, 

msilt is the percent silt content (< 0.002) mm diameter particles, 

mc is the percent clay content (0.05-2.0) mm diameter particles, 

orgC is the percent organic carbon of the layer (%). 

 

2.2.3. Topographic factor (LS-factor)  

The two parameters that constitute the topographic factor are slope gradient and 

slope length factor were estimated, here in this study, through an ASTER Global Digital 

Elevation Model (ASTER GDEM) with a 30 m resolution downloaded freely from 

(https://search.earthdata.nasa.gov/downloads/) [73]. The DEM of Tunisia’s territory is 

ranged from -27 m to 1549 m (Figure 2). The latter was incorporated into GIS to determine 

accurately the slope gradient (S) and slope length (L), taking into account that the effect 

of slope length and degree of slope interaction should always be considered together [51]. 

So, to create the slope length and steepness (LS-factor), equivalent to topographic factor 

and relief factor, respectively, flow direction and flow accumulation maps were created 

after the filling process of DEM data by the use of the GIS extension Arc Hydro Tools. The 

flow accumulation was determined for each cell by the flow that flows through that cell. 

The greater the flow accumulation value, the easier the area will form runoff and vice 

versa. The slope map in degree, required to estimate the LS factor, shows that most of the 

slope of Tunisia is ranged from 0 to 10° which represent about 95,54 % from total area 

(Figure 9). 

In 1985, Moore and Burch [52] developed the equation below (Equation 9) to compute 

the length-slope factor: 

𝐿𝑆 = (
As

22.13
)

m

× (
sinθ

0.0896
)

n

   (9) 

The equation (9) has been applied by many researchers [51,53,54]. The exponent 

value m can be taken equal to 0.4 while the value of n can be taken equal to 1.3 [53,54,55]. 

Where: 

𝐿𝑆: is slope steepness–length factor.  

𝐴𝑠: is the flow accumulation (in meters). 

𝜃: is the slope angle (in radians). 

 𝑚 = 0.4 – 0.6 and n = 1.2 – 1.3.  

In general, as the length of the slope increases, the total soil erosion and the soil ero-

sion per unit area increase due to the gradual accumulation of runoff water in the downhill 
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direction of the slope. As the steepness of the slope increases, the velocity and erosivity of 

the runoff increase. 

 

2.2.4. Vegetative cover factor (C-factor)  

It is a dimensionless factor presenting the effectiveness of the vegetation cover in 

relation to the susceptibility of the soil to erosion [56]. Vegetation cover and its spatial dis-

tribution play an important role in reducing the effects of runoff by amortizing the impact 

of rainwater on an area [15]. 

According to several studies, this RUSLE factor that can range from zero for water 

and a very well protected soil with very strong cover effects, to 1 for a surface that produces 

a lot of runoffs (bare soil) and leaves the soil very susceptible to water erosion [57]. Several 

authors consider that C-factor is around 0.01 (1/100) under dense forest, 0.05 (5/100) under 

grasslands and 0.24 (24/100) under crops (Table 3). Other researchers have adopted the 

calculation of C-factor by new simplified approaches: use of remote sensing techniques 

such as the classification of satellite images [58,59] and vegetation indices [60] or use of the 

Land Use/Land Cover (LULC) map and class assignment for each entity [61]. In fact, C-

factor reflect the effect of LULC, cropping and management practices on the rate of soil 

erosion [62,63,64,65]. 

C-factor was determined, in this study based on the literature, by assigning a value 

for each type of LULC extracted from ESRI 2020 Global map of LULC, derived from ESA 

Sentinel-2 imagery at 10 m resolution and downloaded freely from https://liv-

ingatlas.arcgis.com/landcover/ for all land masses on the planet. Two Individual GeoTIFF 

scenes (32S_20200101-20210101 and 32R_20200101-20210101) covering the Tunisian terri-

tory, have been downloaded from Esri 2020 Land Cover Downloader application. These 

scenes were joined to form a mosaic image and the values of the C-factor (Table 3) for 7-

class LULC types covering the study area were used in the data analysis to build the C-

factor map for the year 2020 at 10 m resolution, performing the analysis in ArcGIS and 

then converted to a grid with 30 x 30 m spatial resolution.  

 
Table 3. C-factor value of different soil types 

  

2.2.5. Support and management practice factor (P-factor) 

This factor, which is dimensionless, represents soil protection based on anti-erosion 

cultivation techniques that reduce runoff speed and thus reduce the risk of water erosion. 

It varies according to the landscaping carried out, namely cultivation on a level curve, in 

alternating strips or on terraces, reforestation in benches, ridging and ridging [15]. 

The P-factor is between 0 and 1, in which the value 0 represents a very good envi-

ronment of resistance to erosion and the value 1 shows an absence of anti-erosion practice 

[72]. Wischmeier and Smith (1978) [15] established the classification according to the slope 

in percent (Table 4), showing that this factor can be distributed according to two zones: the 

cultivated zones and the other zones. 

 
Table 4. P-factor reference values adopted from Wischmeier and Smith (1978) [15] 

 

LULC type C-factor Source 

Cropland 0.24 Guo et al., 2015 [66] 

Forest (Dense) 0.01 Hurni, 1985 [67] 

Grassland 0.05 Tiruneh and Ayalew, 2015 [68] 

Shrubland 0.2 Tiruneh and Ayalew, 2015 [68] 

Bare land 0.6 Ewunetu et al., 2021 [69] 

Waterbody 0 Erdogan et al., 2006 [70]; Swarnkar el al., 2018 [71]  

Settlement 0.15 Hurni, 1985 [67] 
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Slope (%)  P- Factor  

Agricultural land  

0 – 5  0.1  

5 – 10  0.12  

10 – 20  0.14  

20 – 30  0.19  

30 – 50  0.25  

50 – 100  0.33  

Other land  All  1  

3. Results and discussion 

In this part, the results of the processing as well as the calculations of each factor 

made for the spatialization of the soil loss rates in the study area will be presented in more 

details. After applying the RUSLE model, an assessment of the impacts of erosion at the 

regional scale of Tunisia will also be detailed in this section. 

3.1. Spatial distributions of RUSLE factors  

3.1.1.R-factor  

The rainfall erosivity factor quantifies the effects of rainfall aggressiveness and there-

fore reflects the amount and rate of runoff associated with a rainfall event. It was calcu-

lated from annual average precipitation data recorded over a time interval of 31 years 

(from 1990 to 2020). 

After calculation, the values of the R factor in Tunisia range from 24.29 to 1859.84 

MJ.mm.h-1. ha-1. year-1. However, the average value in the entire country is 473.73 

MJ.mm.h-1. ha-1. year-1. The maximum value is observed in the North-West part of Tunisia 

and the minimum value is observed in the South. 

The maps in Figures 5 and 6 show that precipitation and erosivity factor (R-factor) 

decrease gradually from the South towards the extreme North-West part of Tunisia. In 

addition, it is important to note that rainfall and runoff erosivity factor is a crucial factor 

in assessing soil erosion for future LULC and climate change.  
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          Figure 5. Map of mean annual rainfall of Tunisia             Figure 6. R-factor spatial distribution of Tunisia 

3.1.2. K-factor  

The physic-chemical properties of soils, such as organic matter, fine sand, clay and 

silt contents were obtained from the FAO-UNESCO Soil Map of the World. The percent-

age of organic matter (OM) depends on the presence and nature of the vegetation on the 

ground as well as on the use of the latter. 

Determination of the K factor was performed using equations 4, 5, 6, 7 and 8 from 

Williams (1995) [50] and the soil map of Tunisia (Figure 7), extracted from the FAO-

UNESCO Digital Soil Map of the Word (DSMW) shapefile [74]. The soil erodibility spatial 

distribution map (Figure 8) shows that the values of K-factor range from 0.10 to 0.19 t. h. 

MJ-1.mm-1. According to the classification of Bolline and Rosseau (1978) [49], the soils in 

Tunisia are therefore all classified as soil fairly resistant to erosion.  
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    Figure 7. Soil map of Tunisia                       Figure 8. K-factor spatial distribution 

  (Extracted from the FAO-UNESCO Soil Map of the World)              

3.1.3. LS-factor 

The slope map (Fig. 9) is obtained by the Slope tool in Spatial analyst which was then 

used to calculate the steepness of the slopes. The mean value of the slope throughout the 

country is 2.24° with a standard deviation of 3.50° and values above 10° especially in the 

South-East, Center and North-West of the country. 

Knowing that the LS factor is the derivative product of equation (9) of Moore and 

Burch (1985) [52], the equation of this product is formulated on Map Algebra's Raster Cal-

culator following the syntax: 

LS = Power ("Flow Accumulation" * Cell size / 22.13,0.4) * Power (Sin ("Slope in de-

gree" * 0.0174533) / 0.0896,1.3) 

Such that “Slope in degree” represents the slope map as represented by figure 9 and 

the cell size represents the spatial resolution of the ASTER GDEM equal to 30 m. To con-

vert the slope to radians, it was multiplied by 0.0174533, since 1 degree = 0.0174533 radi-

ans. 

Thus, the following LS topographic factor map was obtained (Figure 10), showing 

that the value range of the LS factor is between 0 and 12.41. However, the average value 

in the whole country is 1.09. 
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            Figure 9. Slope map of Tunisia                    Figure 10. LS-factor spatial distribution 

3.1.4. C-factor  

The vegetation cover factor map shows that the values vary from 0 to 1 over the 

whole country. The minimum values are found in the northern part of the country, where 

according to the LULC map (Fig. 11), there are mainly dense forests and cultivated areas 

corresponding to well protected soil with very strong cover effects. On the other hand, the 

value of C-factor (Fig. 12) is close to 1 going south, especially on bare soil that produces a 

lot of runoffs and leaves the soil very susceptible to water erosion. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 6 February 2023                   doi:10.20944/preprints202302.0101.v1

https://doi.org/10.20944/preprints202302.0101.v1


 

 

       Figure 11. Land Use-Land Cover map of Tunisia           Figure 12. C-factor spatial distribution 

3.1.5. P-factor  

The support and management practice factor explains the effects of agricultural prac-

tices that can minimize the impact of rainwater and reduce the rate of runoff, and thus 

logically reduce soil loss (Wischmeier and Smith, 1978) [15]. 

The determination of the P-factor required the establishment of the map of agricul-

tural and non-agricultural land (Fig. 13) from the LULC map of Tunisia extracted from 

ESRI 2020 Global map, derived from ESA Sentinel-2 as well as the slope map in percent. 

The values of the P-factor in agricultural areas decrease as the slope decreases and 

vice versa on steep terrain. These values vary from 0.1 on low slope land to 0.33 on very 

steep land. The other non-agricultural areas are all classified as areas without erosion con-

trol practices, which are assigned the value P = 1 (Fig. 14). 
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      Figure 13. Agricultural and non-agricultural lands of Tunisia        Figure 14. P-factor spatial distribution     

The results of the calculations on each factor can be summarized as follows: 

• The values of the erosivity factor of the rains vary from 24.29 to 1859.84 MJ.mm.h-1. ha-1. 

year-1 with an average of 473.73 MJ.mm.h-1. ha-1. year-1 over the whole country. 

• The soil erodibility K-factor is classified as fairly resistant to erosion, with values varying 

from 0.10 to 0.19 t. h. MJ-1.mm-1. 

• The value range of the topographic factor LS is between 0 and 12.41, with an average 

value of 1.09 over the whole country. 

• The values of the vegetative cover C-factor vary from 0 to 1. 

• The values of the support and management practice factor vary from 0.1 to 0.33 for ag-

ricultural land and are equal to 1 for non-agricultural land. 

 

3.2. Calculation of soil loss rate and quantification of erosion 

The modeling of the factors involved in water erosion of soils has enabled the quan-

tification and spatialization of this phenomenon.  

The RUSLE model gives an approximation of the average value of soil loss, expressed 

in tons per hectare per year, on a given scale of study. This approximation is based on the 

joint product of the five factors described above. In this study, the modeling is essentially 

carried out on ArcGIS. To estimate and map the spatial distribution of soil losses for the 

entire Tunisian territory, the maps of the five factors, seen in the previous sections, were 

projected according to the same coordinate system "Universal Transverse Mercator (UTM) 

zone 32 N using the Datum: WGS 1984" with a spatial resolution of 30 m x 30 m for each. 

We then proceeded to the calculation pixel by pixel by the RUSLE equation (1) with the 

"Raster calculator" tool and the "Map Algebra" function in ArcMap. 
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The application of this model allowed the establishment of the map of figure 15, dis-

playing the average values and the distribution of soil loss rates for the whole country. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

      Figure 15. Soil loss map of Tunisia 

By carrying out the calculation according to the empirical and spatialized model 

RUSLE on ArcGIS, the average value range of soil losses in Tunisia was obtained, varying 

from 0 to a maximum value of 619.44 t/ha/year. These results have been subdivided into 

5 classes, according to Kefi et al. (2012) [9], represented in table 5. 
               Table 5. Soil loss distribution  

 

Score 

scale 

Soil loss class 

(t/ha/year) 
Area (km2) 

Area per-

centage (%) 
Indicator 

1 < 5 87559,33 56,34 Very low 

2 5 - 10 32854,00 21,14 Low 

3 10 - 20 18471,60 11,89 Moderate 

4 20 - 30 6535,03 4,21 High 

5 > 30 9989,66 6,43 Very high 
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Despite a large domination of very low soil erosion by water, representing 56.34 % 

of the total area of Tunisian territory, 10.64 % of the total area are severely exposed to 

water erosion of the soil (High and very high soil erosion). 

4. Conclusions 

This study was the first to provide complete and detailed water soil erosion map for 

Tunisia at a country scale. The RUSLE model, an empirical model to assess soil losses per 

year, has been conducted to evaluate soil losses in Tunisia which were mapped at a 30 m 

cell size. The usage of the RUSLE equation is significantly facilitated by its deployment in 

Geographic Information Systems (GIS) and the use of geospatial data, provided over vast 

regions, such as the global territory of Tunisia. So, the use of this approach contributed to 

regional soil erosion risk assessment through the rapid derivation of appropriate indices.  

Therefore, this study has found an adequate method that integrates geospatial data 

and GIS with the RUSLE model to estimate the spatial distribution of soil water erosion 

in whole Tunisia and provide spatial erosion map. The quantification of water soil erosion 

losses is an essential approach to spatialize the zones most sensitive to water erosion. Con-

sequently, this approach can give, in practice, relevant results for the potential evaluation 

of soil losses at the regional scale and make an important contribution to regional soil 

erosion risk assessment through the derivation of appropriate factors, despite the few 

studies that have been carried out for the modeling of soil erosion at the scale of countries 

around the world.  

Soil erosion by water is a natural phenomenon that may or may not be accelerated 

by various agents. The impact of soil erosion depends on several parameters. In this study, 

the rates of soil loss by water erosion were listed according to five different classes, in-

cluding: very low, low, moderate, high and very high. 

There is normally a tolerable amount of soil loss in the natural cycle of the earth's 

elements, so that soils can maintain their long-term productivity. Tolerable soil loss is the 

maximum annual amount of soil that can be removed without affecting the long-term 

natural productivity of soil covering the slope of an area. The limit value is set in this 

study at 10 t/ha/year. 

The results indicated that 6.43% of the Tunisia’s surface, corresponding to 9989.66 

km2, was affected by a very high soil loss rates (>30 t ha−1 y−1). 4.20% of the total area of 

the country, corresponding to 6535.02 km2, was affected by a high soil loss rates ranging 

from 20 to 30 (t ha−1 y−1). These results can be useful to identify the vulnerable areas of 

the country and to develop a less time-consuming decision plan more efficient for soil 

erosion prevention and control. This integrated approach, based on GIS and erosion 

model, can be useful to contribute to a better understanding of the soil degradation of 

large-scale areas in Tunisia, for better preserving and protecting both natural and man-

made resources available in the country. 
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