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ABSTRACT

In recent years quantitative and qualitative methods integration has become common in
investigating and modeling hydric erosion. The present study focuses on using a synergistic
approach of the Erosion Potential Model (EPM) and Priority Actions Program/Regional
Activity Centre (PAP/RAC) in order to model the potential erosion in the Korifla
Sub-watershed, Central Morocco. The combination of remotely sensed data and the EPM
parameters demonstrated that the amount of soil estimated loss in the study area is between
0.001 m3/km?/y and 68.26 m3/km?/y. Furthermore, AUC (Area Under Curve) was computed
to validate the EPM modeling results by implementing 162 high erosion sites, the AUC value
indicates good mapping results (0.76). The PAP/RAC model shows that in the entire study
area, the zones of very high and high erosion represent respectively 10.31 % and 14.53 %,
whereas the equivalent of these zones by EPM represents 6.31 % and 9.52 %. The
distribution of high-erosion areas correlates well with that of moderate to steep slopes,
principally in forest and agricultural lands within the study area. However, the employed
methods in this study successfully simulated erosion quantitatively as well as qualitatively.
The findings of this study imply that hydric erosion can threaten ecological sustainability and
agricultural production in several parts of the Korifla sub-watershed. Consequently, the
present study results offer valuable insights for planning efficient erosion control strategies
as well as redirecting soil and slope management. To sum up, the findings of this research
have important implications for implementing efficient erosion control measures in
north-western central Morocco, semi-arid area.
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INTRODUCTION

The process of soil formation spans thousands of years, yet its degradation can occur
within a relatively short timeframe. Soil erosion is widely recognized in the Mediterranean
region as the predominant form of environmental degradation, exerting significant impacts
on environmental and socio-economic features (PAP/CAR, 1998). Approximately 85 % of
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global land degradation stems from soil loss, leading to a 17 % decline in yields (Siddique
et al., 2017). Globally, this environmental risk poses threats to human activities, agriculture,
and infrastructure, influencing the lifespan, size, and preservation of dam reservoirs. Many
research has been done in Morocco on hydric erosion using PAP/RAC qualitative model, that
demonstrates great modeling efficiency e. g., (Diani et al., 2023; HILI et al., 2017; Mesrar
etal.,, 2015; Rhouma et al., 2018). In recent years, the integration of quantitative and
qualitative methods has become common in investigating and modeling some environmental
threats, such as water erosion (Elbadaoui et al., 2023), and landslide risk (Biswakarma
et al., 2023). It is important to note that synergistic application of quantitative and qualitative
approaches can improve several environmental risks assessment, following robust analysis
of remote sensing (RS) datasets.

The EPM model (Erosion Potential Method) was developed by Gavrilovic in 1988 and has
been used in several studies (Ahmed et al., 2019; Amini et al., 2014; Efthimiou & Lykoudi,
2016; Kouhpeima et al., 2011; Othman et al., 2023; Pavlova-Traykova, 2022; Zahnoun et al.,
2019). This method is based on three essential factors: the temperature coefficient (T), the
mean annual precipitation (H), and the potential erosion parameter (Z). On the other hand,
qualitative methods allow us to visualize the most vulnerable areas and their spatial
distribution. (The Priority Actions Program/Regional Activity Center) (PAP/ RAC). It is
a method for modeling erosive conditions, assessing the spatial distribution of risks, mapping
and identifying the most vulnerable areas (Chikh et al., 2019; Diani et al., 2023; Elbadaoui
etal., 2023). It is based on guidelines that follow three hierarchical phases namely, (i) The
predictive approach, which involves applying matrices to intersect the erodibility map and
the soil protection map; (ii) The descriptive approach, which focuses on the erosion pattern
map; (iii) The integration approach, which implements the PAP/RAC map. However, EPM
and PAP/CAR models make mutual use of GIS and remote sensing to assess erosion
processes and produce land use maps (De Roo, 1998).

In Morocco, water erosion in watersheds imposes significant costs on the Moroccan
economy in terms of reduced land productivity and adverse downstream consequences. The
latter can be seen in the silting-up of dams and hill lakes (EIl Garouani et al., 2003). The total
lost capacity is around 1100 mm?3, nearly 6 % of the dam storage capacity (Badraoui & Haijji,
2001). When designing projects related to renewable natural resources, it is crucial to
consider the significant influence of sediment production and surface erosion (Tangestani,
2006). In this context, hydric erosion is a natural risk that must be carefully studied to prevent
and minimize its impact on a specific area. The study of vulnerable areas to erosion is an
environmental priority. Several quantitative methods can be used to estimate hydric erosion,
including empirical models including USLE (Alewell et al., 2019), RUSLE (El Jazouli et al.,
2019; Hagras, 2023), EPM (Baharvand & Pradhan, 2022; Mosaid et al., 2022), SWAT
(Alitane et al., 2022). ). Moreover, modified methods can be applied as well as integrated
methods with other data types including, magnetic susceptibility techniques (MS) combined
with GIS (Mosaid et al., 2022). Despite the fact that some studies on hydric erosion have
been conducted in the Bouregreg watershed (Eddefli et al., 2023; Moudden et al., 2022).
There is a limited amount of in-depth research conducted on the Korifla sub-watershed
hydric erosion. This study advances our understanding of the causality of soil erosion on
a small scale in the Korifla sub-watershed. The resulting sedimentation undoubtedly impacts
the storage capacity of the Sidi Mohammed Ben Abdelah dam, thereby threatening its
sustainability. Therefore, it is asserted that effective conservation planning and sustainable
land management practices at the watershed level are crucial for maintaining significant
downstream projects. Accordingly, the current study aims to use PAP/RAC and EPM models
in enhancing the hydric erosion mapping within Korifla sub-watershed (Bouregreg
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watershed, Central Morocco). Following a synergistic approach using EPM with the
PAP/RAC model, we provide a comprehensive perspective on the erosion state. The results
obtained from this dual approach offer a thorough evaluation that encompasses both
qualitative and quantitative aspects. These findings serve as a robust foundation for making
well-informed decisions and ensuring sustainability.

MATERIAL AND METHODS

Study area characteristics

The Korifla sub-watershed area belongs to the Bouregreg watershed, located in the central
region of Morocco, between latitudes 33°0'0” N and 33°55'0” N and longitudes 6°25'0” W et
6°55'0” W. The study area encompasses several communes, namely Brachoua, Merchouche,
Rommani, Lagnadiz, Oulad ftata and Oulad boughadi (Fig.1).

Fig. 1: Geographic location map of the Korifla sub-watershed area
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This watershed has a rugged topography. The region's climate is typically semi-arid, with
average annual temperatures ranging between 18 °C and 32 °C. The average annual
precipitation in this area is of medium intensity, varying between 31 mm and 35 mm. The
measured average precipitation represents a major challenge for water management in the
region. The study area belongs to the Moroccan Central Plateau. The dominant geological
formations are of sedimentary origin, dating from the Paleozoic era. It includes several
granitic batholiths and large outcrops of metamorphic rocks. The study area was folded and
traversed by intrusive rocks and metamorphosed during the Hercynian orogeny, eroded
during the Permian and Triassic periods. The study area is partially covered by Triassic
salt-bearing red clays Secondary deposits and highly altered basalts (Beaudet, 1969) (Fig.2).

Fig. 2: Geological map of the study area within Bouregreg watershed (Laouina &
Mahé, 2013)
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Hydric erosion dataset

This investigation methodology is based on two different models, first, the EPM model and
second PAP/RAC models applied based on thematic maps, remote sensing data and field data
(Table 1). They are collected from different sources, integrated, corrected, processed, and
analyzed principally in GIS environment, in the order to establish a hierarchical relationship
between the parameters and causative factors of erosion.
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Table 1: Data sources (Abbreviation: ABHBC: Bouregeg and Chaouia Hydraulic
Bassin Agency, DEM: digital elevation model, NDVI: Normalized Difference
Vegetation Index)

Data Source Descriptions
Rainfall data ABHBC Spreadsheet file
Soil type Soil map of central Morocco

. . Scale 1/50000
Lithology Bouregreg Geological map
Temperature www.earthexplorer.com Landsat 8 OLI image - Band 10
DEM ASTER DEM (30 m)
NDVI www.earthexplorer.com Landsat 8 OLI

Models

Erosion Potential Method (EPM)

Erosion Potential Method is widely recognized for its significant dependability in
accurately determining sediment yields, sedimentation in reservoirs, and transport (Risti¢
et al., 2011). It can be played in the identification of erosion and degradation sensitive zones,
which includes analyzing the natural factors and anthropogenic activities effects (Goci¢
et al., 2020). The EPM Model equation is as follows (1) (Gavrilovic, 1988):

W=T.H.w.\Z3 (1)

Where:

W: Average annual soil erosion (m3/km?/y)
T: Temperature coefficient

H: Mean annual precipitation (mm /y)

m: 3.1415

Z: Erosion coefficient

We can use equation (2) for mean annual temperature (T) calculation (Gavrilovic, 1988):

T=v( +0.1) )

Where, 0 is the Annual temperature (°C)

Water erosion is mainly controlled by climate, temperature and solar radiation, which are
the parameters that influence soil conditions on a large scale (Mosaid et al., 2022). For
temperature, it is as a parameter influencing erosion within the EPM model, recognizing the
capacity of thermal fluctuations to facilitate the gradual dismantling of geological elements
and lithological formations. (Marouane et al., 2021). The mean annual temperature (T) is
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obtained from the surface temperature of clear, cloud-free satellite images, where Landsat 8
operational land imager (OLI) thermal band 10 was used. This procedure is applied to all
images bands for each month over the period 1997 to 2020. The annual mean temperature
was obtained by applying equation (2) (Fig. 3a). Additionally, the precipitation data as well
plays a direct role in triggering runoff and material transport (Nunes et al., 2011). Average
annual rainfall (H) is derived from rainfall data for the period between 1997 and 2020 by
interpolating points from stations covering the watershed (Fig. 3b). The erosion coefficient
(2) is expressed (Staut, 2004) by the equation (3):

Z=Xa*Y*¢ *\Ja ()

Where the land use coefficient index (Xa) is calculated using equation (4) which depends
on NDVI (Normalized Difference Vegetation Index) so the value becomes between the
lowest value 0.01 and the highest 1 (Fig. 3c):

Xa = (XaNDVI-0.61)*(-1.25) ()

Where:
XaNDVI: Vegetation cover coefficient modified to adapt to soil protection index criteria.
NDVI (eq 5) (Tucker, 1979):

NIR—RED
NIR+RED

NDVI = (

) ®)

The coefficient of soil resistance to erosion (Y) is implemented, as erosion directly affects
the soil, and can be extracted from the soil map. In this study, the coefficient of soil resistance
to erosion is equivalent to the K factor of the RUSLE model carried out on the same study
area (Eddefli et al., 2023). Thus, the coefficient for observed erosion processes (D) is
extracted from satellite images using band 4 of the Landsat 8 OLI image (Zorn & Komac,
2009), it is calculated by equation (6):

OLI4
Qmax

D=V ) (6)

Where Qmax: maximum radiance value

Parameter (Ja) expresses the slope, where, GIS environment can be used to calculate the
slope as a percentage using digital elevation model (DEM). To apply equation (3), the
coefficient (Xa) corresponding to soil cover and soil sensitivity to erosion (@), as well as the
slope coefficient (Ja) and soil sensitivity to erosion (Y) were considered. The integration of
these four parameters enables us to model the potential erosion parameter (Z).
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Fig. 3: Maps used to estimate erosion: (a) Temperature, (b) Rainfall, (c) NDVI, (d)
slope, (e) vegetation density, (f) land use/ land cover
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Priority Actions Programme Regional Activity Centre (PAP/RAC) model
In 1990, the FAO (Food Ans Agriculture Organization), DGCONA (Directorate-General
for Nature Conservation Madrid) and PAP/PAM (Priority Action Plan for the
Mediterranean) collaborated to set up a standardized methodology for mapping the state of
erosive risk (Rhouma et al., 2018). The predictive approach aims to produce two thematic

maps:

6°40'0"W

33°20'0"N 33°40'0"N 33°0'0"N 33°20'0"N 33°40'0"N

33°0'0"N

- The erodibility map resulting from the intersection of the slope map (Fig. 3d) and

the lithology map.

- Soil protection map, produced by intersecting the vegetation cover map (Fig. 3e)
and the land use map (Fig. 3f).

Each map was subjected to the application of the appropriate PAP/RAC-defined matrices
as demonstrated in method guidelines (see Table 2). The slope map in degree was obtained
from the DEM (30m), then reclassified according to (Table 3) of PAP/RAC classification
following codes ranging from 1 to 5 (from the least steep slope to the maximum value which

means extremely steep slope).
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Table 2: Correlation matrix between land use/ land cover and vegetation density
according to PAP /RAC guidelines

Vegetation density Land Use/ Land Cover
PAP /
RAC Degrees Classes  Area(Km?)  percentage Classes Area(Km?)  percentage
1 Very low <25% 8,52 0,46 Bare land 340,14 18,51
2 Low 25- 50% 356,69 19,41 Agricultural 256,93 13,98
area
3 Medium 50-75% 147232 80,13 Built-up 680,04 37,01
4 High >75% - - Forest area 556,16 30,27
5 Very high - - - Water body 4,28 0,23
Vegetation density
1 2 3 4
1 5 5 4 4
LULC 2 5 5 4 3
3 3 2 1 1
4 4 3 2 1
5 5 4 3 2

For soil type, values tending towards one indicate low sensitivity to erosion, and values
close to five indicate the high sensitivity to erosion. The same map is used for the EPM ()
coefficient.

Reclassifying slope and lithology as well as combining these two maps is an essential step
before applying the intersection matrix. The output of this process presents the erodibility
map of the study area. It shows the degree of erodibility as low, moderate, medium, high or
extreme. The soil protection map is the coupling between the degree of vegetation and land
use by applying the matrices outlined by the PAP/RAC guidelines (Table 4). The degree of
vegetation (VD) is based on two input parameters, namely (i) Advanced Vegetation Index
(AVI1) which is an indicator of vegetation quality and health through the red and near-infrared
spectral bands corresponding to band 4 and band 5 for the Landsat 8 OLI image, (ii)
Bare Soil Index (BSI) which combines the red, blue, near-infrared and Short Wave Infrared
(SWIR).

Integration of both AVI and BSI data in the geographic information system produces the
vegetation cover map (Fig. 2e), which shows that vegetation cover does not exceed 68.91 %.
On the other hand, the Landsat 8 image is used to produce the land cover map. The image is
chosen for its specific characteristics (high radiometry, cloud-free and covers the entire area).
It is then subjected to supervised classification (Maximum likelihood) to map the classes’
types in the study area. Thereafter, the intersection of soil protection and erodibility maps,
applying the PAP/RAC matrix guideline permitted the extraction of the erosive state map of
study area with five descriptive classes.
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Table 3: Correlation matrix between Slope and resistance to erosion according to
PAP/RAC guidelines

Slope (°) Resistance to erosion
PAP/RAC Degree Class Area (Km?)  percentage Class Area (Km?) percentage
1 Very low 0-3 264,17 14,37 No resistance 131,58 7,16
2 Low 3-12 836,19 45,49 Coarse sediments 191,30 10,41
3 Medium 12-20 347,86 18,93 Low resistance 384,12 20,90
4 High 20-35 269,94 14,69 Medium resistance 256,25 13,94
5 Very high >35 119,86 6,52 Highly resistance 874,54 47,59
Slope (°)
1 2 3 4 5
1 1 1 1 1 2
Resistar.me ) 1 1 ) 3 3
to erosion
3 2 2 3 4 4
4 3 3 4 5 5
5 4 4 5 5 5
Table 4: Correlation matrix between Erodibility and soil protection according to
PAP/RAC guidelines
Erodibility Soil protection
PAP /RAC Class Area (Km?) percentage Classes Area (Km?)  percentage
1 Very low 333,91 18,16 Very high 650,88 3541
2 Low 446,26 24,28 High 359,25 19,55
3 Medium 519,19 28,24 Medium 221,93 12,07
4 High 239,65 13,04 Low 502,27 27,33
5 Very high 299,27 16,28 Very low 103,65 5,64
Erodibility
1 2 3 4 5
Soil 1 1 1 1 2 2
protection 2 1 1 2 3 4
3 1 2 3 4 4
4 2 3 3 5 5
5 2 3 4 5 5
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RESULTS AND DISCUSSIONS

EPM

The processing results of Landsat 8 OLI thermal data show that the annual temperature is
between 18.60 °C and 32.81 °C. In addition, applying equation (2) gives the temperature
coefficient (T), ranging from 1.4 and 1.8. These values are proportional to relief and
vegetation that can be explained by the minimum temperature values that correspond to
dense vegetation and high altitudes zones; the average annual precipitation (H) ranging
between 383.16 mm/y and 424.81 mm/y; the minimum values which are concentrated in the
central part of the study area, where altitudes are low, compared with the southern part, where
maximum precipitation values are recorded at high altitudes. Moreover, precipitation is also
notable towards the outlet, as it approaches the Atlantic Ocean.

The results of equation (4) show that the soil cover coefficient (Xa) (Fig. 4a) is between
0.01 and 1, with 40.35 % of the area having a moderate coefficient and 44.17 % having a low
Xa value. The high value covers a small area, with 0.01 corresponding to low vegetation
cover and 1 to dense vegetation. Most areas, therefore, have medium to low vegetation cover.

Table 5 shows that soil sensitivity to erosion (Y) ranges from 0.0057 t ha Mj-1 mm-1 to
0.45 t ha Mj-1 mm-1. The spatial distribution is detailed in the Y coefficient map (Fig. 4b). In
the latter 41.81% of study area corresponds to the value Y=0.44 t ha Mj-1 mm-1 which is an
Mediterranean red and brown soils regosols association, then 20.91 % displays brown or red
sandy soils, hydromorphic sandy soils (granite) association with Y=0.35, then 13.95 %
corresponds to a hydromorphic sandy soil with iron concretions with Y value =0.4.

The map (@) (Fig. 4c) shows soil sensitivity to erosion which is computed in the range
between 0 and 1. For our study area, it ranges between 0.32 and 0.54, indicating soil
sensitivity to erosion of between 20 % and 50 % of the area according to Gavrilovic's
classification. Whereas, 31.14 % of the area represents the high class of the @ factor. The
coefficient (Ja) presents the percentage of slope in the study area based on the digital
elevation model (DEM), where the maximum slope in the map (Ja) reaches 154.14 %. Only
4.29 % of the total surface area presents a slope > 40 % and the minimum values are less than
10 % covering 52.46 % of the total surface area of the study area. The steep slope favors
downstream runoff and sediment transport (Fig. 4d). Setting the parameters Xa, Y, and Ja in
equation (3) generates the coefficient (Z) map (Fig. 4e). The results of (Table 5) show that
areas with low to moderate erosion potential are the most dominant, accounting for 70.23 %
of the surface area, while areas affected by high erosion intensity cover 31.14 %.

The combination of data from the Gavrilovic factors (equation 1) presents the results of the
erosion potential in study area (Fig. 6a and 7). The estimated erosion rate is between
aminimum of 0,001 m¥km?y and a maximum of 68.26 m3/km?/y. However, an area of
758 km? hasn’t insignificant erosion; then 25,73 % of the study area was subject to low
erosion. Additionally, a surface area of 17,19 % is marked by moderate erosion. High erosion
affescts 9,52 % of the surface area, while severe erosion affects only 116 km? of the study
area which corresponds to 6,31 %. The spatial distribution of erosion shows remarkable
effects from the upstream to the downstream (Fig. 6a). The intensity of downstream erosion
on lithologies, gullies, and Wadis is remarkable. The action of climatic factor, steep
topography and lithology lead to significant and irreversible soil degradation in the Korifla
sub-watershed. Furthermore, it is important to note that the study area is far from having
catastrophic hydric erosion, which is expressed by a low maximum soil loss value of
68.26 m3km?/y. This inequitable distribution is due to the impact of the factors that generate
the EPM model. Results are verified in the field, as well as correlated with satellite images
and previous data (Ezzaouini et al., 2020; Mahe et al., 2012). Satellite image with strong
erosion sites according to the EPM method, constitutes a guide that illustrates the spatial
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location of areas vulnerable to hydric erosion, enabling the extraction of a roc curve. The
ROC is used to validate the reliability of the results to compare the Area Under the Curve
(AUC) value with that indicated on the expert scale (Fawcett, 2006), implementing 162 high
erosion sites. The true positive rate indicates the erosion values that are indicated, in contrast
with the negative values that are not detected. The use of the ROC curve ensures that the
method has been able to concretize accurate and real values, where the analytical procedure
were conducted within the ArcMap 10.5 using the ArcSDM tool. The most satisfactory
values of AUC are close to 1. In the present case study, the reliability value of the EPM
method according to the AUC computation is 0.76, then it is therefore classified as good

(Fig. 8).

Fig. 4: EPM model parameters for Korifla sub-watershed, (a) Xa, (b) Y, (¢) @, (d) Ja,
and (e) Z
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Fig. 5: Erodibility map and soil protection map According to PAP/RAC guidelines: (a)
Erodibility map, and (b) Soil protection map

Fig. 6: Potential erosion maps, (a) EPM
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Fig. 7: Diagram of erosion intensity according to EPM and PAP/RAC models by area
in m¥/km?/y (A) and in percentage (B)
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Table 5: Description of EPM parameters

Parameter Value Class Area (%)
0,32-0,39 Low 30,22

Extent of Erosion coefficient® ~ 0:39-0:43 Moderate 38,64
0,43-0,54 High 31,14
0-0,02 High 29,77
0,02-0,04 Moderate 47,31

Erosion coefficient Z 0,04-0,14 Low 22,92
0,44 Red and brown soils 41,81

Brown or red sandy soils,
0,35 ) 20,91
hydromorphic

Hydromorphic sandy soils with iron

. o . 0,40 . 13,95
Soil Erodibility coefficient Y concretions
0,0395 Lithosols and regosols 9,64
0,0057 Brown forest soils 7,16
0,45 Red floors and turning 5,74
Calcareous brown soils, steppe
0,44 o 41,81
brown soils, lithosols
0,01-0,42 High 15,47
Soil protection coefficient Xa 0,42-0,54 Moderate 40,35
0,54-1 Low 4417
<10 Very low 52.46
10%-20 Low 26 .55
Average Slope Ja 20%-30 Medium 11.35
30%-40 High 5.35
>40 Very high 4,29

PAP/RAC

The erosion assessment in the study area is based on two key maps using PAP/RAC model,
the erodibility map and the soil protection map together form the base to define the erosive
state. These maps are further supported by the consolidated PAP/RAC map.

The erodibility in the study area was categorized into five representative classes. The
distribution of these classes is as follows: very low erodibility (covers 18.16 %), low
erodibility (covers 24.28 %), medium erodibility (covers 28.24 %), high erodibility (covers
13.04 %), and very high erodibility covering 16.28 % of the total sub-watershed area. These
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classes provide a comprehensive representation of the erosion susceptibility across the study
area, allowing a detailed assessment of the erosive state and contributing to soil protection
and erosion control strategies. Erodibility within the study area exhibits a close association
with slope steepness zones Fig. 3d and 5a). The zones with steep to moderate slopes are
experiencing a higher erosion susceptibility compared to the zones with gentle slopes.
Moreover, vegetation plays a crucial role in mitigating runoff and erosion by promoting
water infiltration (Cerda et al., 2017). Additionally, vegetation factor enhances soil cohesion,
thereby improving mechanical properties (O’Loughlin & Zhang, 1986).

The soil protection map is developed based on the degree of vegetation cover and land use
patterns. The distribution of the soil protection classes is as follows: areas classified as
having very high soil protection cover 35.41 % of the total area, high soil protection covers
19.55 %, medium soil protection covers 12.07 %, low soil protection covers 27.33 %, and
very low soil protection covers 5.64 %. These values provide insights into the varying
degrees of soil protection and vegetation cover across the study area. The map serves as
a valuable tool for identifying areas with high and low soil protection, aiding in the
formulation of appropriate land management and conservation strategies to mitigate erosion
risks and protect soil resources. The lowest values are found in the zones where the
vegetation index is less representative, hence the role of vegetation cover in protecting the
soil against water erosion (Fig. 5b).

Furthermore, the interpretation of the consolidated PAP/RAC map results, presented in
Figure 6b and 7, reveals that the rate of high erosion is relatively less concerning compared to
other erosion values. The distribution of erosion categories across the study area is as
follows: very high erosion covers 10.31 % of the area, high erosion covers 14.53 %,
moderate erosion covers 20.07 %, low erosion covers 22.85 %, and very low erosion covers
32.24 %. It is important to note that field verification is required to validate the accuracy of
the methodology and compare the actual results with those obtained through this approach.
The integration of the Erosion Predictability Model (EPM) and the PAP/RAC maps
demonstrates the cohesion between these two mapping methods, further enhancing the
reliability of the erosion assessment.

EPM and PAP/RAC synergistic application and implications

The application of EPM and PAP/RAC yields distinct information. The two models are
a valuable erosion assessment tools and can be effectively utilized with each other to obtain
more complete comprehension of hydric erosion behavior. The present study results
highlight the assessment and the mapping of erosion susceptibility in the Korifla
sub-watershed using the EPM and PAP/RAC models. The extracted erosion potential map
using EPM maodel the permitted successfully (AUC=76) the mapping of very high hydric
erosion zones. These zones cover 6.31 % (116 m3/km?/y), followed by high erosion zones
that cover 9.52 % (175 m%km?/y) of the study area according to the EPM model. The
analysis of EPM provides valuable insights into areas sensitivity to high-very high erosion
which appear mainly in the low soil protection values (Xa), steep slope values (Ja), and high
erosion coefficient values (Z) (Fig. 4a, d, and e). Besides, using PAP/RAC, the consolidated
map by integrating erodibility map and soil protection layers allows the mapping of
erodibility levels within Korifla sub-watershed. This map established on the basis on slope,
lithology, vegetation and LULC allows the detection of the very high hydric erosion zones
that represent 10.31 % of the area. High levels of erosion were observed downstream
showing more sensitivity to moderate to high slopes in forest and agricultural lands. The
hydric erosion mapping results reveal low hydric erosion in the study area, where, a good
compatibility between EPM and PAP/RAC was observed. Accordingly, the previous works
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of hydric erosion mapping in Bouregreg watershed rank the latter with low hydric erosion
rates (Laouina & Mahé, 2013). Previous studies have focused mainly on the Bouregreg
watershed and they were guantitative. (Hara et al., 2020) used RUSLE and USLE methods,
and estimated the hydric erosion between 0 (t/ha/y) and 849 (t/haly). Hydric erosion is one of
the most causes of soil loss. Taking into consideration Eddefli et al. (2023) study findings in
Korifla sub-watershed, a good correlation between medium to high soil loss (maximum of
27.61 t/haly) zones and potential hydric erosion zones is noticed. As a limitation, the
comparison of hydric erosion values between EPM (Fig. 6a) and PAP/RAC (Fig. 6b) cannot
be faithful to reality. One gives a quantitative estimate of the rate of soil loss over the entire
study area, while the other applies guidelines that classify areas according to the degree of
erosion with a well-defined classification and spatial distribution without indicating soil loss
values. However, hydric erosion in the study area varies spatially, with variations in the
impact of the influencing factors of erosion extent. In global, the consolidated PAP/RAC
map provides a comprehensive overview of erosion categories, with low to moderate erosion
being the most dominant across the study area. Observation of the two final maps from the
two methods shows cohesion between the results. As shown in figure 9 several field
photographs along the Korifla Sub-watershed were token during field surveys. Following
field observations, hydric erosion was controlled in the Korifla sub-watershed by the
lithological diversity, the slope, and the plateaus and hills topography criteria. Hydric erosion
is a process in which water progressively erodes through gullies or channels (Figure 9).
Hydric erosion is accentuated in areas where the erosion rate (based on EPM) is high and the
PAP /RAC class of erosion is very high. This suggests that this form of erosion (hydric
erosion) is significant and predominant in the Korifla sub-watershed. Sandy and clay soils are
the most vulnerable to erosion. Topography also contributes to hydric erosion, as run-off
water from rainfall can collect in gullies and valleys, intensifying the erosion process. Other
factors such as vegetation, soil cover and farming practices also influence the rate of erosion
in the area. The implementation of soil conservation and water management measures can be
considered to mitigate the effects of hydric erosion and preserve soil quality in the Korifla
sub-watershed. The majority of the maximum soil loss values are perfectly aligned with the
high erosion zones. The integration of the EPM and PAP/RAC mapping methods enhances
the reliability of the erosion assessment. Overall, these results highlight the complex
interplay of various factors influencing erosion susceptibility in the study area. The findings
can serve as a basis for developing targeted erosion control and soil conservation strategies to
mitigate erosion risks and protect valuable soil resources.
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Fig. 9: Field photographs of hydric erosion of the Korifla sub-watershed, and their
geographic location on the PAP/RAC-derived map.

The field observations show that sandy and clay soils are the most vulnerable to hydric
erosion (b-j). Topography is demonstrated to have an important influence to hydric erosion
(b, ¢, d and e). In addition, Land use and land cover influence directly the rate of soil erosion,
where the vegetation cover is a mitigation factor of hydric erosion (f,g).

() (b) (c)
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CONCLUSION

The study of soil loss in the Korifla watershed helps to estimate the sediment yield. EPM
and PAP/RAC models were applied based on several natural parameters involved in hydric
erosion. Furthermore, they were processed in a geographic information system environment
and coupled with field observations to enhance erosion mapping in the study area. The EPM
results show the soil loss in the Korifla sub-watershed varies between 0.001 (m3km?/year)
and 68.26 (m®3/km?/year) which is far from catastrophic erosion risk, but could be considered
as significant hydric erosion with moderate and high erosion potential. The PAP/RAC
method has enabled us to accurately classify the most vulnerable areas to water erosion.

These results can be used, on the one hand, to implement the necessary soil conservation
measures in vulnerable areas to water erosion in the basin. On the other hand, this study’s
findings can be beneficial to develop and manage areas not affected by water erosion.
However, this study data suggest that a decision to address the causes and consequences of
the hydric erosion trend should be made within the study area. To sum up, PAP/RAC
guidelines can be supported by EPM to assess hydric erosion in semi-arid regions.

In light of the findings in this study, the application of synergistic approaches in hydric
erosion assessment holds promising future possibilities. The use of EPM and PAP/RAC
models in combination with geographic information systems and field observations has
proven effective in providing a comprehensive understanding of erosion dynamics in the
Korifla watershed. These integrated methods have not only facilitated the identification of
vulnerable areas but also offered valuable insights for potential soil conservation measures
and sustainable land management practices. Looking ahead, the incorporation of advanced
technologies, remote sensing data, and machine learning techniques can further refine the
accuracy and predictive capabilities of erosion models, as demonstrated for various
environmental threats assessment in the worldwide (Jari et al., 2023). Additionally, the
dissemination of such research and its applicability to semi-arid regions underscores the
importance of continued interdisciplinary efforts to address and mitigate the causes and
consequences of hydric erosion, ultimately contributing to the preservation of critical
ecosystems and the sustainable management of valuable natural resources.
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