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Abstract Soil erosion is an important global phe-
nomenon that can cause many impacts, like morpho-
metry and hydrology alteration, land degradation and 
landslides. Moreover, soil loss has a significant effect 
on agricultural production by removing the most 
valuable and productive top soil’s profile, leading to 
a reduction in yields, which requires a high produc-
tion budget. The detrimental impact of soil erosion 
has reached alarming levels due to the exacerbation 
of global warming and drought, particularly in the 
arid climates prevalent in Tunisia and Algeria and 
other regions of North Africa. The influence of these 
environmental factors has been especially evident in 
the catchment of Mellegue, where profound vegeta-
tion loss and drastic changes in land use and cover, 
including the expansion of urban areas and altered 
agricultural practices, have played a significant role 
in accelerating water-induced soil loss between 2002 
and 2018. The ramifications of these developments on 
the fragile ecosystems of the region cannot be over-
looked. Accordingly, this study aimed to compare 

soil losses between 2002 and 2018 in the catchment 
of Mellegue, which is a large cross-border basin com-
monly shared by Tunisian–Algerian countries. The 
assessment and mapping of soil erosion risk were 
carried out by employing the Revised Universal Soil 
Loss Equation (RUSLE). This widely recognised 
equation provided valuable insights into the poten-
tial for erosion. Additionally, changes in land use and 
land cover during the same period were thoroughly 
analysed to identify any factors that may have contrib-
uted to the observed risk. By integrating these vari-
ous elements, a comprehensive understanding of soil 
erosion dynamics was achieved, facilitating informed 
decision-making for effective land management and 
conservation efforts. It requires diverse factors that 
are integrated into the erosion process, such as topog-
raphy, soil erodibility, rainfall erosivity, anti-erosion 
cultivation practice and vegetation cover. The compu-
tation of the various equation factors was applied in 
a GIS environment, using ArcGIS desktop 10.4. The 
results show that the catchment has undergone signif-
icant soil water erosion where it exhibits the appear-
ance of approximately 14,000 new areas vulnerable to 
erosion by water in 2018 compared to 2002. Average 
erosion risk has also increased from 1.58 t/ha/year in 
2002 to 1.78 in 2018, leading to an increase in total 
estimated soil loss of 54,000 t/ha in 2018 compared 
to around 25,500 t/ha in 2002. Maps of erosion risk 
show that highly eroded areas are more frequent 
downstream of the basin. These maps can be helpful 
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for decision-makers to make better sustainable man-
agement plans and for land use preservation.

Keywords Soil water erosion · RUSLE · GIS · 
Mellegue catchment

Introduction

Water erosion is a global phenomenon that seriously 
hinders sustainable development. The physical pro-
cesses that govern this phenomenon are directed by 
different factors such as climate, topography, soil 
texture, hydrology and vegetation cover (BACC II 
Author Team, 2015; Ciampalini et  al., 2012; Durán 
Zuazo et  al., 2005; Littleboy et  al., 1992; Negese, 
2021; Nunes et al., 2010). The main agents of water 
erosion are precipitation and runoff. Combined with 
the effect of gravity, they provide the required dyna-
mism for the detachment and transport of soil parti-
cles. The aggressiveness of erosion depends essen-
tially on the quantity and duration of the water action 
on the soil, while the vulnerability of the soil to ero-
sion depends on its texture, structure and ability to 
infiltrate (Guerra, 1994; Ostertagová, 2012; Wang 
et al., 2021).

In the semi-arid Mediterranean environment, water 
erosion is very active and has manifested itself in sev-
eral forms (Biswas, 1990; Gebregziabher et al., 2016; 
López-Bermúdez, 1990; Prosdocimi et  al., 2016; 
Raclot et al., 2018; Shalaby & Tateishi, 2007; Zema 
et  al., 2022); laminar (or random) sheet erosion is a 
form of diffuse erosion; it represents the initial stage 
of soil degradation by erosion and is slightly distin-
guished from 1 year to the next. Linear erosion is a 
form of loss created by streams. It occurs when the 
soil reaches its maximum capacity of infiltration from 
rainfall, generating communicating puddles with each 
other through the streams of water, which acquire a 
certain speed and energy capable of triggering local 
erosion along flow lines. Mass erosion defines the 
movement of the superficial layers of the soil cover. It 
contains all kinds of landslides, including mass move-
ments, landslides or even mudslides. It is caused by 
an imbalance created between the mass of the soil 
cover and the amount of water stored, as well as the 
vegetation occupancy on the surface. Another special 
form of erosion generally occurs through the action 
of the energy of streams or rivers on their beds. The 

energy created can wash away the edges of rivers, 
which is often observed in the meanders of streams, 
more precisely on the concave side of the river’s bed.

Regardless of the nature of the erosion, the asso-
ciated impacts of this phenomenon are innumerable 
(Gilley, 2005; Sergieieva, 2021). The consequences 
include the degradation of the agricultural landscape 
and the siltation of hydro-agricultural infrastructure. 
In addition to the degradation of water quality, water 
erosion can cause significant damage to agricultural 
crops. When the quantity of sediment lost by erosion 
exceeds the rate of natural soil regeneration (usually 
very slow), the soil loses its fertility and becomes less 
dense. Studies of the impact of water erosion on land 
fertility should be carried out over a period of 20 to 25 
years (Morgan, 2005). Generally, the global soil ero-
sion rate stands at an average of 2.4 t/ha/year, whereas 
the estimated average country discontinuity sits at 1.4 
t/ha/year (Wuepper et  al., 2019). However, it should 
be noted that tolerance depends on the economic and 
environmental issues of each region. As far as the qual-
ity of river water is concerned, it will depend on the 
concentration of suspended solids in the watercourse. 
Water erosion can bring changes in agricultural cover 
as it provides particle size selectivity where the finer 
particles are moved far down slopes while the coarse 
particles are near their erosion sites. This process 
allows sorting and redistribution of eroded materials, 
which can have considerable agronomic and environ-
mental repercussions in agricultural environments.

As for watersheds, the environmental damage 
caused by water erosion is numerous (Biswas, 1990; 
Cooper, 2010; Gebregziabher et  al., 2016; Mohanty, 
2016; Pavlova-traykova, 2020; Sbai et  al., 2021; 
Singh, 1989; Starr et al., 2000; Vezina et al., 2006). 
The eroded particles rich in fine mineral and organic 
fractions will be transported and deposited to make 
a chemical enrichment in nutrients used frequently 
in agriculture (phosphorus and nitrogen). The con-
sequences are noticed in the loss of soil fertility and 
the decrease in crop yield. The watercourses will also 
be contaminated by the transported sediments, which 
can pose risks of toxicity for the fauna and flora. The 
fine particles that are in suspension will increase the 
turbidity of the water and minimise their penetra-
tion, which constitutes a favourable environment for 
eutrophication and siltation of water bodies. Erosion 
and sedimentation constantly modify the morphology 
of rivers. Transported sediments that raise tributary 
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beds will disable navigation and could increase the 
risk of flooding. In addition, another widespread phe-
nomenon of water erosion occurs in the siltation of 
reservoirs. These structures will end up weakening 
over time and will lose some storage as a result. That 
is why water structures require continuous develop-
ment and an extra cost of maintenance.

A study of the temporal and spatial distribution of 
water erosion is essential at the watershed scale. It is 
therefore essential to opt for conventional methods 
of evaluating water erosion and sediment convey-
ance in order to better manage the problems associ-
ated with this phenomenon. Modelling proves to be 
such a reliable tool for quantifying soil losses due to 
the adopted universal models (Aiello et al., 2015; De 
Jong et al., 1999; Khemiri & Jebari, 2021; Touai’bia 
et al., 1999; Wasswa & Olilla, 2006). This approach 
will be used later for decision-making and effective 
management of water and soil resources. Various 
empirical and statistical models have been applied 
particularly to the study of water erosion. The choice 
of adequate model depends on the purpose and suit-
ability of the local conditions in the study area as 
well as the availability of data. The Revised Universal 
Soil Loss Equation (RUSLE) approach is an invalu-
able tool for estimating soil loss and plays a crucial 
role in sustainable land management. This empirical 
and spatialised model offers a systematic framework 
for quantifying the rate of soil erosion and predicting 
its potential impact on land resources. To fully har-
ness the power of the RUSLE model, it is imperative 
to couple it with a geographic information system 
(GIS) to integrate RUSLE factors. This combination 
enables a more comprehensive understanding of the 
spatial distribution and intensity of soil erosion, aid-
ing in the implementation of effective soil conserva-
tion measures (Kebede et al., 2021).

The RUSLE approach takes into account various 
factors that contribute to soil erosion, including rainfall 
erosivity (R), soil erodibility (K), slope (LS), land cover 
(C) and erosion control practices (P). By considering 
these variables, the model provides a holistic assess-
ment of soil loss potential and guides resource man-
agers and policymakers in making informed decisions 
regarding soil conservation practices (Thapa, 2020).

The integration of the RUSLE model with GIS 
technology enhances its capabilities by incorporating 
spatial data analysis and visualisation. GIS allows for 
the creation of detailed soil erosion risk maps, which 

depict areas of heightened vulnerability to erosion. 
These maps can be used to prioritise resource allo-
cation, identify critical erosion hotspots and develop 
targeted soil conservation strategies. GIS also facili-
tates the implementation of real-time monitoring sys-
tems, enabling land managers to track changes in soil 
erosion patterns and assess the effectiveness of con-
servation measures over time.

One of the key advantages of using the RUSLE 
model coupled with GIS is its applicability to a wide 
range of landscapes and scales. Whether it is assess-
ing erosion risks in agricultural fields, forested areas 
or urban environments, the model can be tailored to 
suit diverse land use scenarios. This versatility makes 
it an invaluable tool for land managers, researchers 
and policymakers involved in soil conservation efforts 
across various sectors (Allafta & Opp, 2022; Kebede 
et al., 2021; Sidi Almouctar et al., 2021).

Furthermore, the integration of the RUSLE model 
with GIS promotes data-driven decision-making in 
soil erosion management. By incorporating real-time 
monitoring data, satellite imagery and other geospatial 
information, stakeholders can make informed choices 
about the most effective erosion control practices for 
specific locations. This targeted approach optimises 
resource allocation, minimises costs and maximises 
the long-term sustainability of land resources.

In conclusion, the RUSLE approach, when inte-
grated with a GIS, offers a powerful tool for estimat-
ing soil loss and guiding soil conservation efforts. By 
considering key factors contributing to erosion, the 
model provides valuable insights into soil erosion 
risks and aids in the development and implementation 
of effective conservation strategies. The combina-
tion of the RUSLE model and GIS technology ena-
bles spatial data analysis, visualisation and real-time 
monitoring, facilitating data-driven decision-making 
in soil erosion management. With its versatility and 
applicability across diverse landscapes, this approach 
has the potential to contribute significantly to sustain-
able land management practices and the protection of 
our vital soil resources.

This study is a multi-temporal analysis of the ero-
sion loss in the Mellegue watershed. It consists of 
comparing 2002 and 2018 sediment loss in the catch-
ment and studying associate factors for any potential 
rate change. The spatial distribution of erosion will be 
presented in the form of thematic maps, presenting 
the results of analysis of different factors involved in 
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the process as well as the production of maps show-
ing the annual erosion rate and exhibiting the most 
vulnerable areas to this phenomenon.

Study area

The Mellegue watershed is located between 35.21°, 
36.43° North and 7.19°, 8.92° East. It is a sizable 
cross-border catchment, occupying an area of more 
than 1 million ha and 1054 km of perimeter (Fig. 1). 
625,500 ha of that area (60%) is part of Algeria, while 
the rest of the area, along with the outlet, belongs to 
Tunisia. The mainstream of the watershed is called 
Oued Mellegue. It originates in Algeria, starting 
from the mounts of Tebessa through the famous 
Aures massif of Algeria (Belloula & Dridi, 2015). 
It flows in Tunisia, through the Tunisian Atlas, until 
it finally unclogs into the river Mejerdah, near Jen-
douba. The overall direction of the river matches the 

southwestern-northeastern direction of the famous 
Algero-Tunisian Atlas (Weslati et  al., 2020, 2023). 
The watershed is characterised by an elongated over-
all shape, is oriented NE-SW and is explicitly large in 
the middle. The slope of the catchment is generally 
low to moderate, and 70% of the study area defines 
a low slope relief (near 3%). In contrast, strong slope 
relief occupies only 3% of the total area.

The geology of the catchment is complex and 
defines an assortment of ages that extends from Tri-
assic to Quaternary, with the exclusion of Jurassic 
deposits. The region is also known for multiple evap-
oritic outcrops due to Triassic salt extrusions through 
border faults. The structural feature of the area 
reveals complicated forms such as the NE-SW folds 
that define the diapiric zone near the Algero-Tunisian 
boundary, the famous Atlasic sector or the Neogene 
folds (Rouvier, 1977).

Sparse vegetation cover occupies most of the basin. 
The mountains generally hold varied vegetation, 

Fig. 1  Location of study area
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while the foothills are nearly undeveloped and the 
plains are often farmed. The thickest forests are infre-
quently present, locally spotted downstream of the 
basin. Contrariwise, cultivated and bare lands are fre-
quently widespread, covering most of the watershed’s 
area (Rodier et al., 1981).

The catchment is known for its arid to semi-arid 
climate, which is exceptionally subhumid on the 
north border. It is generally distinguished by moder-
ate winters (humid) and hot summers (dry). Rainfalls 
are too sensitive within the catchment and explicitly 
specific to each region. Yearly rainfalls generally vary 
from 450 to more than 750 mm/year. The mean yearly 
temperature fluctuates around 16°C, where seasonal 
maximum and minimum temperatures go near 39°C 
(± 3°C) and 3°C (± 4°C), respectively. The lowest 
temperatures are mostly recorded in the west and in 
the north of the basin, where it often snows (Belloula, 
2017).

Materials and data

This work is based on the application of the RUSLE 
model integrated into a GIS environment for the map-
ping, quantifying and evaluating of water erosion in 
the Mellegue watershed for the dates 2002 and 2018. 
This comparative approach makes it possible to see 
the spatial distribution and the spread of erosion 
through the entire catchment.

The Revised Universal Soil Loss Equation

It was first introduced by Renard et  al. (1976). It 
defines an improved version of the USLE model. 
The enhancement made the equation more suit-
able for new generations of models that use RUSLE 
as an empirical process for quantifying soil erosion. 
The model is based on the same USLE equation 
while conceiving new methods to evaluate the asso-
ciated factors. These new methods take into consid-
eration quantitative data on the seasonal variation of 
the resistivity factor (K), the impact on erosion, crop 
management (C factor) and even the relationships 
between irregular slopes (LS factor). The computa-
tion of the RUSLE model requires a database that 
provides information on the erodibility of the soil (K 
factor), on the climate (R factor) and on the various 
known soils in the world.

The equation used for estimating soil losses is 
the same for the RUSLE and USLE models. It is 
expressed by the following relationship:

While:
A (t/ha/year): is the rate of potential annual losses. 

The results obtained can later be compared to the tol-
erable land loss thresholds in order to assess the risk 
of erosion.

R (MJ mm/ha/h/year): constitutes the rain erosiv-
ity factor for a given geographical area. The greater 
the intensity and interval of precipitation, the greater 
the risk of erosion.

K (t/h/ha/MJ/mm): represents the erodibility of 
the soil and depends on several soil characteristics 
such as texture, richness in organic matter, permeabil-
ity and structure.

LS: combines the length of the slope (L in m) and 
its inclination (S in %). By analogy, high erosion risk 
is directly influenced by long and/or steep slopes.

C: corresponds to the plant cover factor, with the 
exception of bare soil, and is under the direct influ-
ence of human activity, which can greatly increase 
the risk of erosion.

P: expresses an anti-erosion development fac-
tor that depends on agricultural practices and soil 
conservation.

Methodology and settings of the RUSLE model

RUSLE model factors were estimated based on 
annual precipitation, digital terrain model (DEM), 
soil type and land cover. The methodology adopted 
in this study is schematised in the following figure 
(Fig. 2).

To estimate annual precipitation, historical cli-
matic data from reliable sources were collected and 
analysed. These data included precipitation values for 
each month over a specified time period. By consider-
ing the temporal patterns and spatial distribution of 
precipitation, accurate estimates were obtained.

Incorporating the DEM was crucial to under-
standing the topographic characteristics of the study 
area. DEM data provided valuable insights into 
slope, aspect and elevation, which influenced erosion 
potential. Advanced techniques, such as GIS, were 
employed to accurately process and analyse the DEM 
information.

A = R × K × LS × C × P
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Soil type played a significant role in determining ero-
sion rates within the RUSLE model. Extensive field sur-
veys were conducted to collect soil samples for laboratory 
analysis. The soil properties, including texture, organic 
matter content, permeability and cohesion, were exam-
ined to determine their erosional susceptibility. These 
findings were then integrated into the RUSLE model.

Land cover was another essential factor in assessing 
erosion potential. Remote sensing techniques, combined 
with satellite imagery, originally taken from Landsat 7 of 
ETM + and Landsat 8 of OLI for 2002 and 2018, respec-
tively, were utilised to classify and quantify the land cover 
in the study area. This information provided valuable data 
on vegetation density, land use changes and soil exposure, 
which were directly linked to erosion rates.

In conclusion, this study employed a professional and 
rigorous approach to estimate RUSLE model factors. By 
incorporating annual precipitation, DEM, soil type and 
land cover, a comprehensive understanding of erosion 
potential was achieved. These findings will contribute to 
informed decision-making and sustainable land manage-
ment practices for a wide range of stakeholders.

Rainfall erosivity factor

The R factor describes the susceptibility of rainfall 
to initiate erosion at a particular location, depend-
ing mainly on the amount and intensity of pre-
cipitation. It reflects the effect of rainfall intensity 
on soil erosion. This factor is used in the RUSLE 
model to quantify precipitation and its impact. It is 
expressed in megajoule millimetres per hectare per 
hour per year (MJ mm/ha/h/year), and it computes 
the amount and rate of runoff associated with rain-
fall events. Since data related to kinetic energy and 
rainfall intensity are complex and difficult to find, 
there are various formulas that implement daily 
and monthly precipitation for R factor calculation. 
The integral equation to generate the factor R has 
been used by different researchers in Morocco and 
Tunisia, according to the specific erosive features 
of the North African region (Khanchoul et  al., 
2020; Sadiki et al., 2004):

R = 143 × log
(

P × P
2

24
× 10

−6
)

+ 89.7

Mul�spectral satellite 
data images

Landsat 7 
(ETM+)

Landsat 8 
(OLI)

Vegeta�on cover 
map

C factor

Precipita�on data 
from NASA-POWER

2002 annual 
and monthly 

rainfall

2018 annual 
and monthly 

rainfall

R factor

DEM (SRTM 
30m)

LS factor

L factor S factor

Slope map

P factor

Soil map

K factor

Fig. 2  Applied methodology for this study
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Where R is the erosivity factor (MJ mm/ha/h/year); 
P is the average annual precipitation (mm/year); and 
P24 is the median maximum rainfall (mm) for 24 h for 
the considered year.

Rainfall data was obtained from the assimilation 
model products of Goddard’s Global Modelling and 
Assimilation Office (GMAO)’s Modern Era Ret-
rospective-Analysis for Research and Applications 
(MERRA-2). These simulation results provide valu-
able insights into global precipitation patterns. The 
MERRA-2 data cover a significant time range, start-
ing in 1981 and extending to a few months ahead of 
the current time. To ensure accuracy and consist-
ency, the MERRA-2 simulation results were com-
pared and interpolated with another reliable simula-
tion model, GEOS 5.12.4. This comparison revealed 
a high degree of similarity between the two models, 
minimising any potential discontinuities that are often 
observed in different assimilation models. The world-
wide grid used in this study contains comprehensive 
information about precipitation distribution across the 
globe. This data allows researchers and scientists to 
analyse rainfall patterns on both regional and global 
scales, providing crucial insights into climate dynam-
ics and variability. By utilising advanced assimilation 
techniques, the MERRA-2 dataset is able to capture 
fine-scale details of rainfall events, enabling accurate 
and detailed analysis.

The assimilation model products derived from 
MERRA-2 offer a reliable source of information for 
studying various meteorological phenomena related 
to rainfall. It can be used to investigate changes in 
precipitation patterns over time, assess the impact 
of climate change on rainfall distribution and 
develop predictive models for future weather sce-
narios. The availability of long-term data also facil-
itates the study of interannual variability and trends 
in global precipitation. Overall, the MERRA-2 
simulation results based on rainfall data provide an 
invaluable resource for understanding and predict-
ing precipitation patterns at a global scale. With its 
extensive time range and accurate assimilation tech-
niques, this dataset is instrumental in advancing our 
knowledge of Earth’s climate system and its com-
plex interactions.

To calculate this factor, the previous formula was 
applied to 7 MERRA-2 simulation stations located 
in the Mellegue watershed for the years 2002 and 
2018. The precipitation maps are interpolated by 

kriging using ArcGIS. The produced maps (Fig. 3) 
show that the highest rainfall is observed in the 
north of the basin (between 600 and 750 mm/year), 
unlike the southern regions, which show the lowest 
rainfall (between 350 and 500 mm/year). Overall 
observation shows that the P values in 2002 oscil-
late between 330 and 650 mm/year with P24 = 31.3 
mm, and the annual P values for 2018 vary between 
420 and 750 mm with P24 = 37.06 mm (Table 1).

The calculation of the R factor, which is crucial 
for assessing soil erosion potential, was carried out 
using the raster calculator feature within the highly 
regarded ArcGIS software. This tool empowers 
users to devise and execute map algebra expres-
sions based on the R factor equation, ensuring that 
all essential parameters are duly considered. Within 
the confines of this specific framework, the singu-
lar requirement entails having access to the com-
prehensive rainfall map of the particular catchment 
region, which serves as the vital input. Notably, this 
input parameter necessitates the inclusion of two 
constants that denote the utmost daily precipita-
tion values corresponding to the juxtaposed years of 
2002 and 2018. By adhering strictly to these speci-
fications, a more comprehensive understanding can 
be attained regarding the dynamic fluctuations and 
trends within the given catchment’s precipitation 
patterns during these specific timeframes. The final 
outcome of this calculation is a highly informative 
raster representation depicting the distribution of 
the R factor across the catchment area. While it is 
not feasible to utilise the rain erosivity factor for 
individual stations as an input, it can be interpolated 
once the R factor map has been generated.

Soil erodibility factor

The soil erodibility factor (K) defines the average 
loss (in tons/year) per unit area for a particular field 
assumed to be unplanted (soil type and cover) whose 
slope has been set by default at 72.6 ft in length and 
at 9% inclination. This factor exposes the cohesion 
and resistance of soil particles to detachment and 
transport by water erosion agents (rain and runoff). 
It depends mainly on the texture but on other param-
eters, such as the organic matter content, the structure 
and the permeability of the soil.

The K factor was calculated using a soil map dis-
persed throughout the catchment region that was 
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clipped from a digitised version of the FAO-UNE-
SCO Soil Map of the World at a scale of 1:5 million 
(Latham, 1981). It depicts 4931 mapping units made 
up of soil associations (mixtures of distinct soil types) 
defined according to the FAO-UNESCO legend, which 

specifies a total of 106 soil units based on the existence 
of diagnostic features and 4 non-soil units. The Soil 
Map of the World (SMW) has been superseded by the 
Harmonized World Soils Database (HWSD), which 
offers more extensive information on soil distributions 

Fig. 3  2002 and 2018 Rainfall maps for the watershed of the Mellegue

Table 1  Coordinates of weather stations within the Mellegue watershed

Merra-2 simu-
lation station

Name LAT LON 2002 2018

Annual 
rainfall

Max rainfall 
(24 h)

Median Annual rainfall Max rainfall 
(24 h)

Median

1 ST_3525725 35.25 7.25 339.22 18.86 31.3 445.3 50.08 37.06
2 ST_3525825 35.25 8.25 396.78 30.88 425.48 26.95
3 ST_3575775 35.75 7.75 501.76 27.52 598.99 40.13
4 ST_3775825 35.75 8.25 484.32 34.87 574.88 37.06
5 ST_3575875 35.75 8.75 651.83 34.82 507.2 29.08
6 ST_3625825 36.25 8.25 649.06 32.95 738.04 40.7
7 ST_3625875 36.25 8.75 564.96 31.3 651.38 35.57

14 Page 8 of 26



Environ Monit Assess (2024) 196:14

1 3
Vol.: (0123456789)

for a number of nations gathered after the release of all 
volumes of the Soil Map of the World. Experiments 
on different types of soils allowed the option to sta-
tistically develop a set of dedicated equations for the 
calculation of this factor (Beretta-Blanco & Carrasco-
Letelier, 2017; Martínez-Murillo et al., 2020; Vaezi & 
Sadeghi, 2011). These advanced calculations are able 
to reclassify the soil map to attribute the variation of 
the K factor over the entire catchment area. K values 
are bounded between 0 and 1, where soils with values 
that approach 0 are the least susceptible to erosion. The 
determination of the K factor is based on the method 
of Anache et al. (2015), which characterises the runoff 
ability of the soil. The K factor values are shown in the 
following table (Table 2).

Topographic factor

It translates the characteristic factors of the slope 
(length and inclination). It corresponds to a ratio of 
sediment losses (under given conditions) to overall soil 
losses at a specific location defined by an inclination, 
assumed by default, of 9% and 72.6 slope length feet.

The LS factor was calculated by ArcGIS based 
on the digital elevation model (Shuttle Radar 
Topography Mission (SRTM)). The methodology 
was applied to each pixel of the SRTM file. The 
calculation of this factor was based on the equation 
developed by Mitasova et al. (1996):

Where:
A: upward-sloping drainage surface expressed 

in square metres per metre (m2m−1); b is the slope 
angle expressed in degrees [°]; a0 is the standard 
slope length (default equal to 22.1 m (72.6 ft)); b0 
is the standard slope inclination (by default equal to 
0.09 (9% or 5.16°)).

LS = (1.6) ×

(

A

a0

)0.6

×

(

Sinb

b0

)1.3

The spatial analysis toolbox of the ArcGIS soft-
ware was used to conceive raster layers of slope gra-
dient expressed in degrees, and from the hydrology 
toolbox, the flow direction and the flow accumula-
tion were calculated. The output layers were then 
used in the software’s raster calculator interface to 
generate the LS factor map based on the following 
equation using the flow accumulation grid:

Where [Flow acc] is the flow accumulation in 
ArcGIS. It is determined from the flow direction of 
the raster. The soil is too susceptible to erosion risk 
when the slope is steeper and/or longer. This is due 
to the gradual accumulation of runoff in the down-
ward slope. Secondly, the more the slope increases, 
the more the soil erosion intensifies due to the 
increase in the speed and erosivity of the runoff.

Vegetation cover factor

The C factor is a generalised value that reflects the 
type of crop without taking into account any other 
external factors, such as crop rotations or climate 
(annual and geographical distribution of precipita-
tion). However, the C factor compares soil losses 
between the different types of plant cover (dense 
vegetation, bare soil and soil characterised by spe-
cific management). The values of C vary between 
0.001 (dense forest) and 1 (bare soils). Many meth-
ods exist for the computation of this factor (Alma-
gro et al., 2019; Yan et al., 2020; Zhao et al., 2012). 
Among these methods, remote sensing data offers the 
possibility of calculating the vegetation cover fac-
tor. The most common method is based on the Nor-
malised Vegetation Index (NDVI), which provides 

LS =POW

(

[Flow Acc] × resolution

22.1
, 0.6

)

× POW

(

(sin
[

slope gradient
]

× 0.01745)

0.09
, 1.3

)

Table 2  Assignment of K 
factor according to soil type

Description Soil code 
(FAO)

Sand (%) Silt (%) Clay (%) Organic 
carbon (%)

K factor

Calcic Cambisols BK 81.6 6.8 11.7 0.44 0.014
Calcareous Fluvisols JC 39.6 39.9 20.6 0.65 0.023
Haplic Xerosols XH 54.8 20.6 24.9 0.53 0.020
Calcic Xerosols XK 48.7 29.9 21.6 0.64 0.022
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information on the type and health of the vegetation 
cover (Durigon et al., 2014; Karaburun, 2010; Rawat 
& Singh, 2018). The C factor is calculated according 
to the following formula (van der Knijff et al., 2000):

Where α and β represent deterministic factors 
of the curve trend which joins the NDVI to fac-
tor C. However, the authors attribute, by default, to 
α and β the values of 2 and 1, respectively. NDVI is 
a plant health indicator that assesses a plant’s ability 
to reflect light at specific frequencies (some waves 
are reflected, others are absorbed). Visible light is 
strongly absorbed by chlorophyll, which is a health 
indicator. On the other hand, leaves strongly reflect 
near-infrared due to their cellular shape. The spongy 
layer becomes less effective when the plant is dry or 
ill, which causes it to absorb more near-infrared light 
rather than reflecting it. Thus, the existence of chloro-
phyll, which is associated with plant health, may be 
accurately detected by measuring how near-infrared 
(NIR) changes in comparison to red light. As a result, 
the NIR and red waves are used to calculate NDVI 
using the following equation:

The vegetation density (NDVI) at a certain coor-
dinate of the picture is the intensity difference of the 
reflected lights in the red and near-infrared divided 
by the total of these intensities, according to this for-
mula. This index has a value range of − 1 to 1, sig-
nifying mainly vegetation, with negative values refer-
ring to unvegetated places (clouds, water and snow) 
and average values of zero defining bare ground. 
Shrubs and grasses have moderate values (0.2 to 0.3), 
whereas dense vegetation has high values (0.6 to 
0.8). This NDVI interval is effectively used in crop 
monitoring to indicate to users whether areas have 
thick, moderate or sparse vegetation at any particular 
moment.

Accordingly, the measurement of the NDVI uti-
lised data obtained from multispectral satellite 
imagery captured by Landsat 7 (ETM +) and Landsat 
8 (OLI) for 2002 and 2018, respectively. By accessing 
these high-resolution images, the researchers were 
able to precisely assess the level of vegetation vigour 

C = exp

[

−

(

�NDVI

� − NDVI

)]

NDVI =
NIR − RED

NIR + RED

and vitality based on the varying reflectance of dif-
ferent light wavelengths. The use of satellite imagery 
facilitated a comprehensive analysis of changes 
occurring in vegetation over the time period, enabling 
deeper insights into the alterations and fluctuations in 
the ecological landscape. With this objective informa-
tion, a clearer understanding of the evolving vegeta-
tion patterns and potential environmental impacts can 
be attained.

Anti‑erosion practices factor

It corresponds to the conservation practice factor. It 
reflects the impacts of cultural practices on the mag-
nitude of erosion risk. This factor represents the ratio 
of land loss relative to a given conservation practice 
to land loss associated with row cropping within the 
same slope direction. The P factor was calculated 
according to Shin (1999), whose values depend on 
the slope, according to the following table (Table 3):

Results and discussion

The RUSLE model, a widely utilised approach in 
soil erosion assessment, was elegantly employed to 
accurately quantify soil losses within the Mellegue 
watershed. To obtain comprehensive insights, each 
of the model’s distinct factors, such as rainfall erosiv-
ity, soil erodibility, slope length, slope steepness and 
crop management, were meticulously calculated and 
spatialised in a GIS environment. By considering and 
analysing these various parameters, we can effectively 
establish and delineate the extent of erosion loss that 
occurred between 2002 and 2018 across the entirety 
of the given basin. This comprehensive evaluation 
enables us to accurately quantify and map the erosion 
patterns, providing valuable insights into the changes 
that have taken place over time.

Table 3  Assignment of P factor in terms of slope (Shin, 1999)

Slope (%) P factor

[0–7] 0.55
[7–11.3] 0.60
[11.3–17.6] 0.80
[17.6–26.8] 0.95
 > 26.8 1.00
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This enabled a sophisticated integration of spatial 
data, promoting a holistic understanding of the intri-
cate interplay between environmental variables. Such 
an analytical framework aids in formulating sustain-
able soil conservation strategies, mitigating erosion’s 
adverse impacts and safeguarding the long-term 
productivity of the watershed for the benefit of all 
stakeholders.

Rain erosivity factor

The erosivity of rainfall in the Mellegue watershed 
varies between 20 and 60 MJ mm/ha/h/year in 2002 
while it fluctuates between 55 and 91 MJ mm/ha/h/
year in 2018 (Fig.  4). The average values deduced 
from the R factor in 2018 (75 MJ mm/ha/h/year) 
are higher than those of 2002 (44 MJ mm/ha/h/
year). The general pattern of rainfall aggressiveness 
within the basin shows an increasing gradient from 
south to north. Consequently, the values of R show 

that the basin is subjected to a high pluvial aggres-
siveness, which reflects a significant erosive power 
of precipitation on the basin. Regardless of the 
year, the spatial distribution of R values shows that 
30% of the area of the basin (generally located in 
the north) is exposed to intense erosive power from 
rainfall.

Soil erodibility factor

The K factor calculated in the Mellegue water-
shed varies from less than 0.014 to 0.023 t/h/ha/MJ/
mm, with an average equal to 0.018 t/h/ha/MJ/mm, 
which is relatively low (Fig. 5). The lowest values are 
mainly located in the centre of the basin, where the 
soils are calcareous and moderately rich in organic 
matter, providing high penetration rates and limiting 
runoff. In addition, the area is further protected by 
vegetation, where grasslands, shrubs and sparse forest 

Fig. 4  2002 and 2018 erosivity factor (R) for the Mellegue watershed
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are the dominant vegetation cover. The high values 
are located in the marl-clay soils, covering 49.5% of 
the basin’s total area.

Topographic factor

In the Mellegue catchment, LS values vary from 
0 to 525 and have been grouped into five classes 
(Fig.  6; Table  4). The results obtained depend on 
the length and degree of the slope inclination. Over-
all analysis shows that the average value of LS is 
equal to 1.9, where the class [0–2] occupies 70% 
of the basin area (Table  4). This corresponds to 
areas of low altitude and plains. A high LS index 
(greater than 30) represents only 3% of the area of 
the basin. The spatial dispersion of this factor also 
shows that the very high values are located in the 
intrusive zones of the tributaries. These areas bear 
witness to the most sensitive regions to erosion. 
Nevertheless, it has been reported that the risk of 

erosion increases exponentially (with an average 
exponent of 1.4) depending on the degree of slope 
(Elbouqdaoui et  al., 2005). Similarly, it has been 
shown that the kinetic energy created by precipita-
tion becomes constant in favour of a slope with a 
high degree of inclination. In contrast, the velocity 
of the sediment transport process rises downward 
due to the increase in kinetic energy created by run-
off (Nord, 2006).

Vegetation cover factor

The C factor reflects the cover and degree of crop pro-
duction. For 2002 and 2018, maps of the spatial distri-
bution of the C index show that low vegetation density 
classes are mostly vulnerable to erosion (Fig. 7).

The results obtained from the C factor map in 
2002 confirm that 77% of the area of the basin 
shows a very low vegetation rate (C factor > 0.5), 
and only 23% of the area is well protected with a C 

Fig. 5  Erodibility factor (K) map of the Mellegue watershed
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factor < 0.5. This protected area was reduced in 2018 
to only 13% of the total area of the basin (C < 0.5). 
The low vegetation cover reflects open forests, cul-
tivated land, degraded rangelands and sylvatic areas, 
which are generally very sensitive to erosion. Val-
ues below 0.5 are related to dense vegetation such 
as forests, matorrals and arboriculture, while values 
between 0.5 and 0.9 relate to moderately covered 

vegetation such as open matorrals and sparse for-
ests. The extreme values of the C factor, which tend 
toward, 1 relate to bare soils and harvested field 
crops.

The analysis of the spatial distribution of the C 
factor in 2018, compared to 2002, confirms that 
sensitive areas to water erosion (with a C fac-
tor > 0.5) have been well developed, especially 
downstream of the catchment. The increase in 
low vegetation cover areas (C factor > 0.5) has 
been intensified by the conversion to land that 
favours water erosion, such as cultivated land and 
steppes. The spatial distribution of the C factor 
confirms that the study area experienced a deg-
radation of dense vegetation following the socio-
political events that occurred in Tunisia in 2011, 
manifested in the form of anthropogenic actions 
and anarchic land conversion that have severely 
impacted forests and vegetation in the region 
(Chriha & Sghari, 2013).

Fig. 6  LS factor map of the Mellegue catchment

Table 4  Occupancy rate (in  km2 and %) of the LS factor 
classes within the catchment of the Mellegue

LS factor class Area  (km2) Occupancy rate (%)

[0–2] 7340 70
[2–5] 1349 13
[5–15] 1199 11
[15–30] 353 3
 > 30 303 3
Sum 10,544 100
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Anti-erosion practices factor

Cultivation techniques commonly used, such as culti-
vation following the contour lines direction, ridging, 
terracing or alternating strips and ridging are effective 
practices for soil conservation against erosion. The 
values of the P factor depend on erosion control, the 
agricultural practice carried out and also on the slope.

In this study, P values were concluded on the basis 
of slope. Low and medium values correspond to areas 
with low to moderate slopes. The spatial distribution 
of the P factor within the catchment area shows that 
values between 0.55 and 0.6 (areas with low slope) 
occupy 76% of the catchment area, while values 
between 0. 6 and 0.8 (zones with moderate slope) 
represent 11.9% of the area. The steeply sloping areas 
(P between 0.8 and 0.95) define 7.1% of the basin 
area. Finally, the values that tend toward the external 
higher limit (equal to 1) and that correspond to land 

without anti-erosion practices constitute 5% of the 
study area (Fig. 8).

Soil loss assessment

The estimated soil losses were obtained by combining 
the factors of the RUSLE model, which are soil erod-
ibility (K), climatic aggressiveness (R), vegetation 
cover (C), topographic factor (LS) and anti-erosion 
practices (P). The combination of these factors in a 
GIS environment provides accurate maps of soil losses, 
which we can observe the spatial distribution of this 
phenomenon throughout the entire catchment area.

Soil losses in the Mellegue watershed were esti-
mated at 25,584 t/year for 2002 with an average of 
1.58 t/ha/year and a standard deviation of 52 t/ha/
year, against a total loss estimated at 53,822 t/year in 
2018 with an average of 1.78 t/ha/year and a standard 
deviation of 66 t/ha/year. This states the importance 

Fig. 7  2002 and 2018 vegetation cover (C) factor maps for the Mellegue catchment
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and great variability of the water erosion phenom-
enon, which has intensified considerably in 2018 
compared to 2002. Soil losses have been grouped into 
5 classes (Figs. 9 and 10; Tables 5 and 6). The first 
class concerns areas where soil loss is less than 7 t/
ha/year. It represented 94.9% of the area of the basin 
in 2002 and 91.7% in 2018. This class mainly domi-
nates where it is seen throughout the basin. The sec-
ond class concerns areas where soil loss is between 7 
and 15 t/ha/year. It occupied 2.1% in 2002 and 3.8% 
in 2018 of the basin’s total area. The third class rep-
resents areas of soil loss estimated between 15 and 
30 t/ha/year. This class constituted 0.9% (90  km2) 
in 2002 and 1.7% (181  km2) of the total area of the 
basin in 2018. The fourth class contains areas whose 
soil loss is between 30 and 60 t/ha/year. The occupa-
tions of this class are very low since they represented 
only 0.3% (31  km2) of the total area of the basin in 
2002 against 0.8% (85  km2) in 2018. In regard to the 
unclassified category, the model faced difficulty in 

detecting all the essential factors (C, R, K, LS and 
P) within certain pixels to accurately calculate the 
extent of soil loss. It is crucial to emphasise that these 
unclassified spots, accounting for only 1% of the over-
all catchment area, are a common occurrence. Despite 
their frequency, it is important to acknowledge that 
more comprehensive data are required to effectively 
assess and address soil erosion in those areas. The last 
class concerns losses in upper soils at 60 t/ha/year. It 
bears witness to the mountainous areas as well as the 
areas with friable substrate located on either side of 
the basin. This class represented 0.3% (33  km2) of the 
total area in 2002, against 0.5% (57  km2) in 2018. The 
steep slopes and marly–clayey soils of the hills play 
host to maximum soil loss. The mountainous regions 
and the areas with friable substrates located on both 
sides of the basin also contribute to high soil erosion. 
The identification of the friable substrate was accom-
plished through extensive field surveys, as it could 
not be discerned on the K map due to its interpolation 

Fig. 8  P factor map for the Mellegue catchment
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based on the general scale of the FAO soil map. By 
incorporating the findings from these studies, we gain 
a deeper understanding of the factors contributing to 
soil loss in the region.

The identification of the friable substrate was 
meticulously conducted through local, rigorous field 
survey studies, ensuring a high level of accuracy 
and reliability. This crucial determination, however, 
could not be ascertained by solely relying on the K 
map. The reason lies in the fact that the K map is con-
structed through interpolation, using the general scale 
of the FAO soil map. Field survey studies serve as 
essential tools in the assessment and classification of 
substrates, as they involve detailed observations and 
measurements taken at specific locations of interest. 
These studies encompass a wide range of methods, 
including on-site sampling, laboratory analysis and 
examination of physical and chemical properties of 
the substrates under investigation. The information 
obtained through such meticulous fieldwork is pivotal 

in understanding the nature and characteristics of the 
friable substrate.

In contrast, the K map, which is constructed based 
on the general scale of the FAO soil map, provides 
valuable insights into the broader soil composition 
and distribution patterns. It offers a valuable overview 
but lacks the specificity and granularity needed to 
identify the friable substrate accurately. The interpo-
lation technique used in generating the K map focuses 
on estimating values for areas where data points are 
limited, potentially leading to inconsistencies when it 
comes to identifying the friable substrate.

Therefore, due to the inherent limitations of rely-
ing exclusively on the K map, the identification of 
the friable substrate necessitated field survey stud-
ies. These comprehensive investigations allowed 
for meticulous observations and analysis, enabling 
a precise determination of the friable substrate’s 
characteristics, distribution patterns and physical 
properties. This approach ensures the integrity and 

Fig. 9  2002 soil loss map of the Mellegue catchment

14 Page 16 of 26



Environ Monit Assess (2024) 196:14

1 3
Vol.: (0123456789)

reliability of the findings, avoiding any inaccuracies 
or misinterpretations that could arise from relying 
solely on map data.

Thus, in-depth analysis shows that the areas with a 
high erosion rate (greater than 30 t/ha/year) evolved 
from 64  km2 (i.e. 0.6% of the total area) in 2002 to 
142  km2 (i.e. 1.3% of the total area) in 2018. This fig-
ure reflects a non-compensable soil loss, mainly by 
the effect of pedogenesis. The results show a reduc-
tion in areas with a low risk of erosion (between 0 
and 7 t/ha/year) against an increase in all the other 
classes. This confirms the degradation of soils and the 
intensification of the phenomenon of erosion in the 
Mellegue watershed.

These results obtained, either for 2002 or 2018, are 
very close to the other studies that were established 
under similar conditions and applied only upstream 
of the Mellegue watershed, where low soil loss areas 
represent 80% of the area of the basin (Khanchoul 
et al., 2020). In addition, the reported results are close 

to several other studies whose methodology is based 
on RUSLE modelling, where climatic and spatial 
characteristics are similar to those of the Mellegue 
catchment (Goumrasa et al., 2021; Khemiri & Jebari, 
2021; Mahleb et al., 2022; Serbaji et al., 2023).

Minimal soil loss occupies most of the watershed. 
It is the result of the action of land with a low slope, 
generally less than 3%. This is also explained by the 
low values of the LS factor and, above all, by the 
protective effect of vegetation in sloping areas. On 
the other hand, values of soil losses greater than 30 
t/ha/year (64  km2 in 2002 and 142  km2 in 2018) are 
mainly located in areas with steep slopes where the 
soil is fragile and composed of marl and clay. This 
area is characterised by high to very high erosion 
intensity. The variation in soil losses shows that it is 
greater downstream than upstream of the basin. The 
phenomenon intensified further in 2018. Estimated 
soil losses in the Algerian part of the basin increased 
from 14,265 t/year (i.e. 56% of the total loss) in 2002 

Fig. 10  2018 soil loss map of the Mellegue catchment
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to 30,603 t/year (i.e. 57% of the total loss) in 2018 
(Table  6). By analogy, the sediment loss from the 
Tunisian part of the basin has also evolved, starting 
from 11,319 t/year in 2002 to 23,219 t/year in 2018. 
Although the Tunisian area belonging to the basin 
constitutes 40% of the area, it seems that the esti-
mated soil losses of this part are close to the sediment 
losses from the Algerian territory of the basin. How-
ever, the spatial–temporal comparative tools of GIS, 
carried out on the maps of 2002 and 2018, show the 
appearance of 13,954 new areas at risk of water ero-
sion in 2018 compared to 2002. Almost 60% of these 
areas are observed in Algerian territory, while the rest 
are in Tunisia.

Sediments extracted from upstream are likely to 
settle downstream rather than being transported out 
of the basin. In addition, the local sedimentation that 
took place in the flow axes and the superficial depres-
sions will contribute to the filling of the watercourses, 
and drainage problems may appear (Mounirou, 2012). 
This phenomenon promotes slope instability, gully 
erosion and landslides. Anthropogenic action influ-
ences the intensity of water erosion. The intensifi-
cation of agricultural land use observed within the 
watershed during the period from 2002 to 2018 has 
contributed to accelerating water erosion. Several 
causes are involved, such as the choice of cropping 
systems and the excessive exploitation of land, as 
well as the application of unsuitable agricultural tech-
niques, namely: too frequent ploughing and following 
the slope direction, overgrazing and poor manage-
ment of irrigation (Braiki, 2018).

Many causes can lead to the intensification of soil 
loss. The area has witnessed urban extension tak-
ing place during the period (2002–2018) which took 
place rapidly at the expense of several classes of land 
use, in particular forest cover (Weslati et  al., 2023). 
The artificial soils of the urban environment will pre-
vent the infiltration of rainwater, and therefore the 
volumes of water to be evacuated will be enormous. 
This process increases soil erosion, which generates 
different patterns of degradation. The reduction of 
forest space in the region has increased the process 
of erosion, causing floods and mudslides. The outlet 
of the watershed forming part of the Jendouba region 
constitutes a favourable environment for water ero-
sion (Fehri, 2014). In addition, the region has been 
marked by repetitive historic floods, causing material 
and human damage (Sahar et al., 2019). Maps dating Ta
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from 2002 and 2018 show a high rate of mobilised 
sediment in this region exceeding 1000 t/ha/year.

The relationship between rainfall erosivity and ero-
sion potential becomes evident when examining the 
modelling of rainfall patterns. Figure  4 aptly illus-
trates that rainstorms that are both stronger and longer 
in duration possess a higher capacity for causing ero-
sion. Furthermore, the LS factor map reveals a sig-
nificant correlation between the length and steepness 
of a slope and the amount of runoff it generates over 
an extended period of time. As the slope becomes 
steeper, the velocity of the runoff increases, leading to 
a greater likelihood of erosion. This observation was 
likewise supported by the research of Wischmeier & 
Smith (1958). Furthermore, in the Mellegue water-
shed, a fascinating exploration into hydrological 
patterns has unravelled the existence of five distinct 
seasons. These seasons not only witness variations in 
rainfall but also experience fluctuations in the trans-
port of solid and/or liquid materials, consequently 
affecting the erosivity factor. This intriguing finding 
highlights the complexity of erosion dynamics within 
the Mellegue watershed.

In addition, their findings also emphasise the 
impact of plant cover on erosion control. Extensive 
research reveals a crucial relationship between plant 
cover and erosion, as it has been discovered that 
plant cover plays a vital role in mitigating the erosive 
forces induced by rainfall. By skillfully intercepting 
rainwater, plant cover effectively reduces its energy, 
allowing for enhanced rainfall penetration. Accord-
ingly, the correlation between land use and land cover 
changes and soil loss cannot be understated. In order 
to accurately determine the impact of these changes, 
it becomes necessary to assign C-factor values to 
the various land cover classes within the study area. 
However, achieving this level of precision demands 
a comprehensive understanding of the area’s cover 
characteristics, including the ability to map and 
monitor them accurately. While this method may be 

suitable for smaller scales such as fields or farms, 
the sheer size of a watershed makes it impractical 
to monitor all these characteristics feasibly. Conse-
quently, alternative approaches must be considered 
when assessing soil loss on a watershed scale.

In conclusion, when it comes to determining C 
factors for small-scale studies, conducting fieldwork 
is often the most feasible approach. However, if pre-
vious studies using the RUSLE have reported C fac-
tors for a cover similar to the study area, it may be 
appropriate to use those values through a table-based 
approach. Additionally, high-resolution imagery can 
be utilised to determine the NDVI for the study area. 
At small scales, where there is a good understanding 
of the differences in land cover classifications, pull-
ing values from existing literature may be the most 
efficient choice. However, this may become tedious 
at larger regional scales. In these cases, high-resolu-
tion satellite imagery may be available to determine 
NDVI. It is important for authors to be mindful of 
the acquisition date of the imagery in relation to their 
study period. Furthermore, pre-processing steps such 
as masking cloud cover and creating aggregates from 
these masked images are necessary ( Kulikov et  al., 
2016; van der Knijff et al., 2000).

The effectiveness of a conservation practice in mit-
igating soil erosion is directly correlated to the P fac-
tor, as stated by Bagherzadeh (2014). Similar to the C 
factor, literature can provide values for the P factors. 
In cases where no support practices are observed, the 
P factor is assigned a value of 1.0 (Adornado et  al., 
2009). Alternatively, subfactors can be used to esti-
mate the P factor. However, accurately mapping sup-
port practice factors or not observing support prac-
tices often leads to studies disregarding the P factor 
and assigning it a value of 1.0 (Adornado et al., 2009; 
Renard et al., 1976; Schmitt, 2009). One possible rea-
son for studies neglecting the P factor is that some 
chosen C factors already account for the presence of 
support factors like intercropping or contouring. For 

Table 6  Comparative 
average soil losses in 
the Mellegue watershed 
between 2002 and 2018

2002 2018

Tunisia Algeria Total Tunisia Algeria Total

Number of risk areas 6775 9487 16,262 12,583 17,633 30,216
Total soil loss (t/an) 11,319 14,265 25,584 23,219 30,603 53,822
Average (t/ha/an) 1.67 1.50 1.58 1.85 1.74 1.78
Standard deviation (t/ha/an) 50 15.8 52 59 65.25 66
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instance, Morgan (2005) and David (1988) provide C 
factors specific to one crop but with different manage-
ment techniques employed.

In spite of its often overlooked importance, numer-
ous studies have identified potential P factors for vari-
ous types of agricultural practices, including tillage, 
terracing, contouring and strip-cropping. By incor-
porating these P factors at detailed scales and with 
a good understanding of farming techniques, we can 
achieve more accurate estimations of soil loss. Addi-
tionally, these P factors can be utilised in scenario 
analysis to assess how changes in agricultural prac-
tices may mitigate or worsen soil erosion. It is worth 
noting that the P factor can significantly impact the 
estimated soil loss, such as zoned tillage thus reduc-
ing soil erosion estimates (Benavidez et al., 2018).

By utilising a combination of field survey studies 
and the interpretive power of maps like the K map, a 
more complete understanding of the friable substrate 
can be achieved. This multifaceted approach is crucial 
in accurately identifying and assessing the properties 
of the substrate, contributing to effective land man-
agement strategies, environmental planning and sus-
tainable development practices.

The integration of the RUSLE model into the 
GIS environment ensured efficient management of 
the large volume of data relating to the various fac-
tors of water erosion. It is also possible to generate a 
synthetic map of the possible erosion rates, expressed 
in tonnes of sediment lost per hectare per year. This 
map offers to visualise spatially the distribution of 
the vulnerability to erosion through the entire area 
of the Mellegue watershed. However, it should be 
pointed out that the universal equation of the RUSLE 
model only makes it possible to evaluate soil losses 
caused by sheet erosion. The model was based on 
data applied to small areas, which poses problems 
of uncertainty when used on a large scale and under 
different conditions than those where the model was 
initially adopted. Thus, despite the fact that the reli-
ability of the results obtained is subject to discussion, 
they can nevertheless guide decision-makers in plan-
ning the necessary measures to combat erosion in 
areas where the risk of erosion is preponderant.

Finally, it should be noted that the application of 
the empirical RUSLE model under conditions differ-
ent from those in which it was developed exposes it 
to numerous errors and criticisms, which will lead 
to a suspect and irrelevant estimate of soil losses. 

Moreover, the model is considered applicable if all 
these factors are non-zero and do not highlight the 
deposits. However, the uncertainty is always toler-
able, and the results will be more reliable if the field 
measurements as well as the laboratory analyses are 
rigorously carried out (Renard et al., 1976).

To determine the accuracy and reliability of the 
Rusle model, the siltation rate of the Mellegue data 
can be utilised. Situated approximately 50  km from 
the outlet, the dam downstream of the watershed 
serves as a point of reference. However, it is impor-
tant to note that the sedimentation measurement cam-
paigns conducted between 1975 and 2000 may not 
provide current and comparable results to recent stud-
ies, including this one (Mammou & Louati, 2007). 
Moreover, the dam has almost reached its silt capac-
ity, rendering further siltation rate measurements 
obsolete (Cherni et  al., 2010; Mammou & Louati, 
2007). Thus, it is crucial to consider the most recent 
siltation values for an accurate analysis. Furthermore, 
the latest measurement of siltation within the water-
shed reveals a significant degree of sediment accu-
mulation, approximately 3.89 million cubic metres 
per year. In a study conducted by Cherni et al. (2010), 
it was discovered that the transport of solids in the 
main stream is highly unstable and relies heavily on 
the seasonal characteristics of the surrounding areas, 
which have been identified as having five distinct 
hydrological seasons. On average, the solid transport 
within the watershed remains relatively low, with an 
estimated volume of 4.8 million cubic metres annu-
ally in the year 2010. These findings highlight the 
intricate dynamics of sediment movement within this 
particular ecosystem.

To assess the validity of the RUSLE model when it 
comes to predicting siltation or solid inputs originat-
ing from river systems, it is imperative to consider a 
comprehensive range of accurate and diverse param-
eters. These parameters should specifically focus on 
the maximum and average flows occurring on a daily 
scale, as they play a fundamental role in determining 
the magnitude and frequency of sediment transport.

In order to develop a robust understanding of the 
RUSLE model’s performance, it is crucial to gather 
data on peak flows as well as average flows. Peak 
flows refer to the maximum volume of water pass-
ing through a river channel at any given point in time, 
while average flows consider the sustained volume of 
water passing through the river on a daily basis. By 
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incorporating data on both peak and average flows, a 
more comprehensive assessment of the model’s valid-
ity can be obtained.

One of the primary challenges in assessing the 
RUSLE model’s validity lies in obtaining accurate 
and reliable measurements of these flow parameters. 
To achieve this, advanced monitoring techniques such 
as automated gauging stations, remote sensing and 
numerical simulations can be utilised. These tech-
niques provide real-time data and enable the measure-
ment of flows at specific locations along the river, facil-
itating a more precise estimation of sediment transport.

Furthermore, it is essential to ensure that the 
parameters used in the RUSLE model, such as maxi-
mum and average flows, are representative of the 
specific river system under scrutiny. Different rivers 
have unique hydrological characteristics influenced 
by factors such as climatic conditions, topography, 
land use patterns and human interventions. Thus, it is 
necessary to calibrate the flow parameters based on 
local conditions to enhance the model’s accuracy and 
applicability.

Additionally, the duration over which the data is 
collected should be considered. Daily scale data is 
required since sediment transport processes undergo 
significant variations within shorter timeframes. By 
analysing the model’s performance at such a fine tem-
poral resolution, potential shortcomings and limita-
tions that might arise due to temporal variability can 
be identified and addressed more effectively.

To ensure the assessment of the RUSLE model’s 
validity is comprehensive and scientifically sound, it 
is vital to engage in thorough research and analysis. 
Proper statistical techniques should be employed to 
analyse the relationship between the measured flow 
parameters and sediment inputs. This analysis will 
help establish the accuracy of the RUSLE model and 
its ability to predict the siltation or solid inputs origi-
nating from the river.

Furthermore, incorporating a range of case stud-
ies from different river systems can enhance the 
generalisability of the findings and increase confi-
dence in the model’s validity. By examining how 
the RUSLE model performs across diverse geogra-
phies, it is possible to identify any regional varia-
tions or specific factors that may affect its predic-
tive capacity. This information will ultimately 
contribute to refining the model and improving its 
applicability in various contexts.

In conclusion, assessing the validity of the RUSLE 
model in predicting siltation or solid inputs from river 
systems necessitates careful consideration of numer-
ous parameters, especially maximum and average 
flows at a daily scale. The accurate measurement of 
these parameters, along with proper calibration and 
utilisation of advanced monitoring techniques, will 
enhance the model’s accuracy and applicability. By 
conducting comprehensive research and analysis, 
incorporating case studies and utilising statistical 
techniques, a better understanding of the model’s 
performance can be achieved, facilitating its use in a 
wide range of scenarios.

Advantages and limitations of RUSLE

The RUSLE models, while widely recognised for 
their usefulness in predicting soil erosion on agri-
cultural land within the United States, have faced 
criticism for their limited applicability outside the 
country. Originally developed based on extensive 
soil erosion research conducted specifically in the 
USA, these models may yield inaccurate results when 
applied to different temperature regimes and land 
cover scenarios. One particular area of concern lies in 
the equation used to determine soil erodibility, which 
has demonstrated reduced accuracy when applied to 
non-US locations. As a result, caution must be exer-
cised when utilising the RUSLE models in interna-
tional contexts to prevent potential over- or under-
predictions of actual soil loss over a 5-year period 
(Kinnell, 2010).

RUSLE enhancement was proven to be effec-
tive at modelling erosion in changing circumstances 
(Wischmeier & Smith, 1958). In terms of making 
the best use of the database, RUSLE has an edge 
over USLE since it combines empirical and process-
based design. RUSLE components are calculated 
accurately into subfactors, giving the soil loss cal-
culation additional flexibility. Through sediment 
mobility, it is also possible to estimate deposition ( 
McCool  et al.,  2004). For example, the RUSLE has 
witnessed significant advancements, particularly in 
the LS factor, which have revolutionised its applica-
bility on wider scales. In fact, these improvements 
have facilitated its utilisation even at a global scale 
(Naipal et  al., 2015). Because of this, it has a wide 
range of applications because of its accessibility to 
data and simplicity (Balasubramani et al., 2015; Jiang 
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et  al., 2015). RUSLE can compute and estimate the 
data to determine how much soil has been lost on the 
basin’s valley side. Sedimentation of the river basin 
and the reservoirs may be evaluated using the RUSLE 
model’s output. The RUSLE model may be used to 
assess soil loss for river basins, individual farm fields 
or other areal units.

Additionally, despite its remarkable progress, the 
challenges in soil erosion modelling persist due to 
the scarcity of long-term and precise data. Moreover, 
because the basis of this model is a coefficient that is 
calibrated based on the data, RUSLE cannot measure 
the true picture of soil erosion. It is noteworthy that 
these uncertainties are not exclusive to RUSLE appli-
cations but are particularly pronounced in complex 
models that require extensive data inputs (de Vente & 
Poesen, 2005; Hernandez et al., 2012).

Despite its relative simplicity and lower data needs, 
the RUSLE holds the distinction of being the first 
attempt to estimate soil loss for a landscape, according 
to Aksoy & Kavvas (2005). However, one of the limita-
tions of the RUSLE is that it solely takes into consid-
eration soil loss attributed to sheet and rill erosion, over-
looking the impacts of gully erosion and dispersive soils, 
which are important factors to consider in soil erosion 
models and conservation practices (Rowlands, 2019).

The limitations of the model highlighted in previ-
ous research (Desmet & Govers, 1996; Wischmeier 
& Smith, 1958) include the failure to consider depo-
sition or sediment channelling, leading to potential 
overestimation. However, the implications of these 
shortcomings extend beyond mere inaccuracies, as 
they hinder our ability to thoroughly examine down-
stream regions’ susceptibility to anthropogenic activi-
ties and sedimentation. This deficiency is due to the 
model’s inability to forecast the paths through which 
sediment travels from hillslopes to water bodies, as 
pointed out by Jahun et  al. (2015). Moreover, these 
limitations further restrict the model’s ability to 
depict topographically intricate terrains, as previous 
studies have indicated.

Despite the acknowledged limitations, the RUSLE 
family of models continues to be widely utilised due 
to its inherent advantages of being relatively simple to 
implement and requiring minimal data compared to 
more complex physically based models. This model 
is restricted to a long-term rainfall record and only 
applies to arable land. In order to accurately assess the 
impact of rainfall erosion, it is highly recommended 

to conduct field measurements, specifically through 
direct measurements obtained from simulated rainfall. 
For the purpose of calculating the yearly soil loss, the 
RUSLE model uses physical characteristics and surface 
dynamic changes such as the R factor, P factor, K fac-
tor, LS factor and C factor. Furthermore, the RUSLE’s 
improved flexibility makes it possible to anticipate soil 
erosion for various watershed management options and 
a wider range of ecosystems. This global approach not 
only ensures continuous improvement but also fosters 
a deeper understanding of the model’s adaptability in 
varying conditions, making it a valuable tool in study-
ing erosion and soil losses worldwide.

The RUSLE family of models is nevertheless 
commonly employed in spite of these shortcomings 
because of its relative simplicity and minimal data 
needs as compared to more complicated physically 
based models. These models, developed by Wis-
chmeier and Smith in the 1960s, provide a practical 
framework for predicting soil erosion rates. While 
they may lack the fine-grained accuracy and speci-
ficity demonstrated by more sophisticated models, 
the RUSLE family remains a valuable tool for a wide 
range of users. Moreover, RUSLE provides valuable 
information about various locales, cropping meth-
ods and crops, as well as about erosion in forests and 
rangelands. Its ease of use and low data requirements 
make it accessible to researchers, land managers, poli-
cymakers and educators alike. Its widespread adoption 
speaks to its enduring practicality and versatile appli-
cation. Since soil erosion has increased in frequency 
and intensity, additional research, better legislation 
and mitigating measures are necessary. Accordingly, 
RUSLE parameterisation and application in various 
climatic regimes and locales are still being improved 
through studies conducted all over the world.

Conclusion

The problem of erosion addressed through the 
RUSLE, coupled with GIS, is easily applied thanks to 
its compatibility with the algebra of maps. GIS allows 
efficient management of a set of spatially referenced 
data from the different agents responsible for soil 
degradation in order to assess the impact of the main 
factors on water erosion. The results obtained by the 
application of the RUSLE model are relatively very 
reliable and constitute a valuable asset at very low 
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cost, dedicated to managers and decision-makers to 
target areas at risk. This is done on the basis of simu-
lation models of soil loss evolution scenarios in order 
to take the necessary and appropriate conservation 
actions for the fight against erosion.

Finally, it is believed that this work has been 
able to achieve its main objective with regard to the 
assessment, at the scale of a watershed, of potential 
erosion rates and the identification of areas exposed 
to different degrees of erosion risk by specifying the 
main factors responsible for soil degradation. Apart 
from its universal use and reliability, it turns out 
that the model applied in this study is a fundamen-
tal tool for the spatial–temporal assessment of ero-
sion risks. However, it requires continuous updating 
and refreshing of source data to arrive at results that 
can help decision-making. The results obtained, in 
cartographic form, are crucial to locating the sensi-
tive areas exposed to the risks of water erosion, which 
require priority intervention and appropriate solutions 
to protect the natural environment.
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