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Abstract

Soil erosion poses significant challenges to sustainable land management. The Revised Universal Soil Loss Equation (RUSLE)
has emerged as a valuable tool for predicting soil-erosion risk, providing essential insights for effective soil-conservation
practices. However, the accuracy of RUSLE predictions strongly depends on the quality and suitability of the input data.
This study investigated the impact of variability in the input data on the performance of the RUSLE model in quantifying
soil-erosion rates for abandoned quarries in the Bouguergouh commune in Morocco using two sets of input data. The first
set represents coarse resolution data (30 m) extracted from different available sources (ISRIC for soil data, NASA database
for weather data, Landsat 8 for land use, and ASTER Digital Elevation Model (DEM) for elevation data). These data were
compared with a high-resolution (10 m) dataset comprising field data for soil, observed weather data from the Bouregreg and
Chaouia Hydraulic Basin Agency data extracted from the Mohammed VI satellites at 0.5 m, and a DEM from Sentinel-1A at
10 m. Our findings reveal that the erosion rates obtained from both the measured (10 m) and international (10 m) databases,
using the LS (10 m) factor set, exhibit significant and comparable values. Specifically, the erosion rates ranged from 1.28 to
7.7 t/ha/yr for the measured database and from 1.25 to 7.74 t/ha/yr for the international database. Based on the results of this
study, international databases can estimate soil losses using high-resolution DEMs instead of investing in time-consuming
soil sampling and analysis results or acquiring expensive high-resolution satellite images, however, conducting the same
comparison in other areas can generate global conclusions.
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1 Introduction

Water erosion manifests as the degradation of surface soil
layers, accompanied by the displacement of constituent
materials (Antoni et al. 2006), driven by the energy gener-
ated from raindrop impact and the subsequent transport of
soil particles from their original positions (Kinnell 2016).
This is one of the leading causes of soil degradation world-
wide (Ranieri et al. 2002), posing a significant threat to
human society and the environment (Singh et al. 2007). The
affected land area is estimated to be 1100 million hectares
worldwide (Saha 2003), underscoring its severity globally,
especially in vulnerable regions. Mediterranean nations face
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heightened risks with their challenging topography, irregular
rainfall patterns, high temperatures, and soil erodibility. This
holds true for Morocco, where similar issues threaten soil
health (Bleu and Antipolis 2003).

Soil erosion monitoring is often limited in various parts
of the world, making global modeling applications crucial
for comprehending the extent of soil erosion and its envi-
ronmental impact. Furthermore, soil-erosion modeling is a
practical and reliable tool for assessing erosion and select-
ing appropriate erosion management strategies (Dargiri
and Samsampour 2023). Various models with differing
input requirements and complexities have been developed
recently (Dargiri and Samsampour 2023; Keller et al. 2021).
Widely used models include the Universal Soil Loss Equa-
tion (USLE) (Borrelli et al. 2021; Dargiri and Samsampour
2023; Wischmeier and Smith 1978), the Revised Univer-
sal Soil Loss Equation (RUSLE) (Dargiri and Samsampour
2023; Thapa 2020), the Soil and Water Assessment Tool
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(SWAT) (Arnold et al. 2012), and the Water Erosion Predic-
tion Project (WEPP) (Dargiri and Samsampour 2023).

These models aim to estimate soil loss and formulate-
conservation measures (Zhang et al. 2016), with the choice
of model depending on the availability and adaptability of
the data to the study area (Dargiri and Samsampour 2023;
Salumbo 2020). Currently, the USLE and RUSLE models,
known for their simplicity, ease of use, and data availabil-
ity, are widely used for assessing global soil erosion. How-
ever, these methods have limitations, such as the inability to
account for gully erosion in calculations and restrictions in
assessing soil losses at all locations or for every wet event
(Brahim et al. 2020).

Recently, GIS and remote sensing have been integrated
into soil-erosion calculations, allowing for spatial represen-
tation of soil loss over large areas and developing scenarios
for human interventions (Bonn 1998; Bou Kheir et al. 2006;
Chafai et al. 2020; Shrimali et al. 2001). GIS facilitates the
integration of maps, databases, and mathematical equa-
tions, providing a cost-effective, time-efficient, and accu-
rate measurement of soil erosion and its geographic spread
over extensive territories (Millward and Mersey 1999; Wang
et al. 2003).

Many studies (Aouichaty et al. 2024; Bagwan and Gavali
2024; Hoffmann et al. 2013) conclude that RUSLE model
users should prioritize using high-resolution input data to
capture topography's effects on soil erosion accurately. The
lower-resolution data can significantly underestimate the
erosion risk. Despite the importance of spatial resolution,
the search results indicate a lack of research specifically
focused on this issue for RUSLE modeling in abandoned
quarry environments. Most studies have examined the
impact of resolution in larger watershed or regional scales,
but more work is needed to understand the nuances of these
unique quarry sites (Aouichaty et al. 2024). The search also
reveals other challenges related to soil erosion in abandoned
quarries in Morocco (Aouichaty et al. 2022), such as:

e Abandoned quarries often become uncontrolled waste
sites, further contributing to pollution and health risks
in surrounding areas.

e The natural regeneration of vegetation in abandoned
quarries is slow, leaving the exposed soil vulnerable to
erosion.

e Quarrying activities, in general, put pressure on already
limited soil and water resources in the semi-arid Moroc-
can environment, accelerating erosion processes.

This study presents a case analysis of five abandoned
quarries (Aouichaty et al. 2021, 2022) using the RUSLE
model and GIS to assess and create a map of water erosion
in the semiarid region of Morocco. The RUSLE model, with
parameters (rainfall erosivity, soil erodibility, topographic
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factor, vegetation cover factor, and anti-erosion practices
factor) established in previous Moroccan studies (Bou-ima-
jjane et al. 2020; El Jazouli et al. 2019; Modeste et al. 2016;
Tahiri et al. 2015), was chosen due to data availability in the
commune of Bouguergouh. The model was applied to iden-
tify and quantify soil losses resulting from sheet and gully
erosion, spatializing them by creating erosion risk maps. In
addition, this study focused on evaluating the impact of data
quality on erosion rates of RUSLE results.

One of the aims of this study was to determine the opti-
mum resolution that would guarantee the best performance
and represent reality. To this end, the international database
with a 30 m resolution and the measured database with a
10 m resolution for the Bouguergouh commune were com-
pared to select the most significant model between these
two resolutions. At the end of this study, another compari-
son was made between the two databases (international and
measured), revealing the optimum resolution for the com-
munities (Fig. 1).

2 Materials and methods
2.1 Studyarea

The study area is in Bouguergouh (a rural commune in Set-
tat Province), at a latitude of 33° 11’ 72.94"” N and a longi-
tude of 7° 33’ 30.68"” W. It extends over approximately 102
km? with altitudes between 360 and 635 m (Fig. 2). The
climate is semiarid, with an average annual temperature of
approximately 17.4 °C (minimum 10.5 °C and maximum
32.5 °C). The average rainfall is approximately 394 mm/
year (2000-2017), with irregular rainfall (Aouichaty et al.
2022). According to Bouslihim et al. (2019), June, July, and
August are typically the driest months, whereas December,
January, and February are the wettest months (Fig. 3a). Over
the 18 years (2000-2017), there was a notable fluctuation in
the yearly average precipitation data, with several extended
dry spells (2001, 2015, and 2017) interspersed with shorter
cycles of wetter weather (Fig. 3b). In addition, this area con-
tains clay deposits, which are prone to developing badlands.
Numerous clay quarries are also present, some of which are
abandoned (Aouichaty et al. 2022).

2.2 Presentation of the RUSEL model
and methodology

The Revised Universal Soil Loss Equation (RUSLE) is
the revised version of the USLE method (Renard et al.
1996). The RUSLE model permits evaluating the average
annual soil-loss rate and the geographical distribution of
soil erosion. It is the most commonly employed model for
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Fig. 1 Descriptive diagram of the methodology adopted
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Fig.2 Geographic distribution of abandoned quarries

determining soil loss and devising soil-conservation strate-
gies to mitigate water erosion (El Jazouli et al. 2019).
Diverse inputs (factors) that mimic reality, with differ-
ent resolutions and scales based on the study objectives, are
necessary to assess and map erosion accurately. These inputs
represent factors that influence erosion, such as topography
(LS), land use (C), climate (R), and soil conditions (K). The
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methodology adopted to analyze the effects of these fac-
tors and how their resolution may lead to different RUSLE
results is presented in Fig. 1.

Soil loss (A) was estimated via the RUSLE equation
based on a multiplicative function that considers five fac-
tors: rainfall erosivity (R), soil erodibility (K), topographic
factor (LS), vegetation cover factor (C), and anti-erosion
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Fig. 3 a Variations in the monthly average rainfall and temperature, and b mean annual precipitation between 2000 and 2020 in Bouguergouh

practices factor (P). Accounting for these five factors is
crucial for accurately assessing soil loss and devising
effective erosion control strategies (Aouichaty et al. 2022;
Karamesouti et al. 2016). These different factors were ana-
lyzed in ArcGIS software (version 10.5) (Abdi et al. 2023;
Aouichaty et al. 2022; Bagwan and Gavali 2024; Hagos
et al. 2023; Renard et al. 1996; Weslati and Serbaji 2024).

A=R. K. LS. CP 1)

The erosivity of rainfall (R-factor) depends mainly on
climatic data, as precipitation significantly generates ero-
sion risks and patterns (Brahim et al. 2020; Ghosal and
Bhattacharya 2020). In this work, we used two rainfall
databases covering more than 20 years. The first database
was downloaded from the National Aeronautics and Space
Administration (NASA) Power Data Access Viewer data-
base for 14 stations distributed throughout the Settat Prov-
ince. The second database was obtained from the Boure-
greg and Chaouia Hydraulic Basin Agency (ABHBC) for
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Fig.4 Location of abandoned quarries relative to weather stations

@ Springer

the four weather stations (Tamedroust, Oulad M'hamed,
Sidi Ahmed Ben Ali, and El Mers) (Fig. 4).

To produce the erosivity map, the R-factor was calculated
(Eq. 2) (Rango and Arnoldus 1987) for each station. The
Kriging model has been used in several works, and good
results have been obtained (Allafta and Opp 2021; El Jazouli
et al. 2017; Kashiwar et al. 2022). Therefore, this method
was chosen to interpolate the R values.

2
logR = 1.74 * log z (%) +1.29 )

where R is the rainfall erosivity index (MJ mm/ha h yr), P; is
the average monthly precipitation (mm), and P is the average
annual precipitation (mm).

The second factor is soil erodibility (K-factor), which indi-
cates the degree of vulnerability of soil to erosion. It is deter-
mined based on soil parameters, including soil texture (sands,
clays, and silts) and organic carbon. In the present study, two
databases were used. The necessary parameters were extracted

272000 275000 278000 281000 284000 287000
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first from the International Soil Reference and Information
Centre (ISRIC)—World Soil Information database in raster
form with a resolution of 250 m. For the second soil database,
28 samples (0-20 cm depth) were collected across the study
area to characterize the different soil types (Fig. 5).

The soil erodibility map of the study area was produced in
ArcGIS software (version 10.5), and the following equation

indicator in soils with high coarse sand content and increases
it for soils with low sand content; f, ; gives low erodibility
factors for soils with high clay/silt ratio; and f,,, reduces K
values in soils with high organic-carbon content, while fi;.,nq
lowers the K values for soils with very high sand content.
The factors are calculated:

was used (Neitsch et al. 2000; Williams and Singh 1995). Foang = 0.2+ 03 % e‘°~256x'"s( ). 4)
Kusle = fcsand Xfcl—sixforgcxfhisand x0.1 317’ (3) 03
where K, is the soil erodibility index (t ha h/ha MJ mm)  fu—si = <ﬁ> > ®)
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Fig.5 The Bouguergouh soil map (soil map of central Morocco)
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where my is the percentage of sand (0.05-2.00 mm diam-
eter), mg, is the percentage of silt (0.002-0.05 mm diam-
eter), m is the percentage of clay (<0.002 mm diameter),
and orgC is the percentage of organic carbon in the layer (%)
(Devatha et al. 2015; Koirala et al. 2019; Kolli et al. 2021).

Next, the LS factor is a parameter that considers a slope’s
length and steepness. The slope length refers to the distance
from the top of the area to where the water starts concentrat-
ing in a stream or river. Steep slopes with fast-moving water
tend to experience significant erosion (Devatha et al. 2015;
El Jazouli et al. 2017; Mitasova et al. 1996). Two DEMs
were used to create the LS map: the ASTER DEM (30 m)

@ Springer

and the Sentinel-1A DEM (10 m resolution). The LS map
was produced by combining data from these two sources.
The spatial analysis toolbox of ArcGIS software was used
to generate slope gradient (degree) raster layers, and the flow
direction and accumulation matrices were calculated using
the hydrology toolbox. The LS factor was calculated based
on Eq. 8, developed Hoffmann et al. (2013) and Mitasova
et al. (1996) using a raster calculator in ArcGIS software
(version 10.5) (Aouichaty et al. 2022; Kamamia et al. 2021).

LS = power (flow accumulation 3 cell resolution)/
22.1,0.4) % power ((sin (slope of degree) % 0.01745)/
0.09,1.4) % 1.4.

®)
The C factor represents the vegetation cover. In the pre-
sent study, we extracted C-factors from two satellite images.

Landsat 8 and Mohammed VI satellite images. Landsat 8

images were downloaded from the US Geological Survey

(USGS) database with a resolution of 30" m in July 2021.

The second image was extracted from the Mohammed VI
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Table 1 R-factors for each quarry

Quarry R-factor (NASA power R-factor (ABHBC)
data) (MJ mm/ hah year ) (MJ mm/ha h year )

Q1: Bouguergouh  68.69 54.73

Q2: Bouguergouh  69.03 54.97

Q3: Bouguergouh  68.98 54.54

Q4: Bouguergouh  68.63 55.92

Q5: Bouguergouh  68.77 55.35

satellite (A and B). It included 50 cm and four bands (RGB
and NIR) under favorable climatic conditions on different
dates (July 06, 19, and 31, 2021). The satellite was prob-
ably chosen because of its high-quality imaging capabili-
ties, which make them suitable for this type of analysis. As
the first Moroccan satellite dedicated to earth observation,
Mohammed VI images provide a valuable new data source
for researchers wishing to apply advanced remote sensing
techniques (El-Harti et al. 2020).

A land-use map across the study area was created by
supervised classification of both images (Landsat 8 and
Mohammed VI A and B). The C factor was converted to a
specific value for each class (water body: 0, built-up land:
0.003, forest: 0.004, agriculture: 0.4, uncultivated land: 0.75,
bare land: 1) (El Jazouli et al. 2019).

Finally, soil-conservation practices are crucial in mitigat-
ing erosion processes; thus, the extent of soil loss may vary
depending on the practices implemented. Some examples of
erosion control practices include contour cropping, bench
reforestation, and ridging (Roose 1996). The P factor rep-
resents the relationship between soil loss resulting from a
specific support practice and the corresponding loss from
an upstream or downstream crop (Renard et al. 1996); in our
study area, there was no available information regarding the
distribution of soil and water conservation practices within
the area, so a value of 1 was assigned to the entire region
as the P factor (Brahim et al. 2020; El Jazouli et al. 2019;
Taoufik et al. 2020).
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3 Results Quarries experience high erosivity of precipitation: val-

3.1 Assessment of water erosion factors
3.1.1 The R-factor

The precipitation erosivity values were interpolated with
ArcGIS version 10.5 software using the geostatistical
analysis tool cokriging. The results obtained for the NASA
Power Data and the ABHBC data are shown in Figs. 6 and
7, respectively.

Figure 6 shows values ranging from 67.63 MJ mm/ha h
year in the southern region to 69.77 MJ mm/ ha h year in
the northeastern region of the municipality. Based on the
ABHBC data, high erosivity (55.983 MJ mm/ ha h year)
is observed in the western region of the municipality and
decreases toward the east to 53.857 MJ mm/ ha h year
(Fig. 7).

The two data sources summarize the R-factor results for
the abandoned quarries in the municipality in Table 1.
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ues exceeding 67.69 MJ mm/ha h year according to NASA
power data and exceeding 54.54 MJ mm/ha h year according
to ABHBC data.

3.1.2 The K-factor

The soil erodibility values were determined with ArcGIS
software version 10.5. The results obtained for the ISRIC
data and the field sample analysis data are shown in Figs. 8
and 9, respectively.

Generally, the municipality’s soil K-factor is <0.05 t h/MJ
m indicating very low erodible soil (Dumas 1965).

3.1.3 The LS-factor

The length and slope factors significantly influence soil-
erosion processes. The LS factor, calculated using Eq. (8),
ranges from 0 to 95.99 for the ASTER DEM at 30 m
(Fig. 10) and between 0 and 102,649 for the DEM at 10 m
(Fig. 11). Only erosion can affect areas with steep slopes.
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The variation in LS results between the two DEMs is related
to the difference in resolution.

3.1.4 The C-factor

The annual soil loss from agricultural land varies depend-
ing on the crop grown. A greater extent of vegetation
cover tends to reduce soil erosion (Maury et al. 2019). The
municipality is characterized mainly by bare land (44.48%
and 8.12% of the Landsat 8 and Mohamed VI satellite
images, respectively) and agricultural and noncultivated
land (39.09% and 88.53% of the Landsat 8 and Mohamed
VI satellite images, respectively) (Table 2; Figs. 12, 13).
Abandoned quarries are considered bare soil.

3.2 Evaluation of soil loss

The municipality’s soil loss was evaluated by overlaying
the five factors evaluated with ArcGIS tools (version 10.5).

Based on the global database and for a resolution of
30 m, the soil loss varies between 0 and 260.61 t/ha/yr
(Fig. 14). For the measured data considered (the ABHBC
data, Mohamed VI satellite image, Sentinel-1A image for
the DEM 10m and field data), the soil loss varies between
0 and 74.985 t/ha/yr at a resolution of 10 m (Fig. 15).

According to the classification proposed by Beskow
et al. (2009) (Table 3), the analysis of soil-loss maps (30
m and 10 m) revealed that the territories of the commune
of Bouguergouh were not affected by the same intensity.
Indeed, as shown in Table 4:

e The lands with low erosion rates (0-5 t/ha/yr) represent
approximately 81% of the total area according to the
global databases and 89.57% of the total area according
to the measured databases.

e The lands with a high rate (> 15 t/ha/yr) represent
5.75% and 0.98% of the global and measured databases,
respectively.
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This difference is due to the LS factor given the reso-
lution of the DEM (ASTER DEM 30 m and Sentinel 1A
[DEM 10 m]), the R factor, which is overestimated in the
NASA database compared to that of the ABHBC, and
the C factor, which is more accurate via the Mohamed VI
satellite image than via the Landsat 8 image (Table 5).

The results obtained for the sites of the six abandoned
quarries (Table 5) showed that quarries Q3, Q4 and Q5
were located in areas where the risk of erosion was low
(with a rate varying between 0 and 5 t/ha/yr) and that quar-
ries Q1 and Q2 were located in areas of medium risk (with
arate varying between 5 and 15 t/ha/yr); these results were
also obtained for both databases.

High erosion rates can be attributed to a high precipita-
tion rate, represented by the R factor, and the topographic
conditions characterized by steep slopes (LS factor). This
was also confirmed by the presence of several badlands
(Fig. 16).

@ Springer

3.3 Influence of the LS factor on the final result

The analysis of the five factors used for the estimation of soil
loss reveals that the LS factor (slope related to topography)
plays a significant role in the reliability of the results:

The K and P values are very similar in the municipality
The C factor is considered bare earth for all quarry sites
For the R factor, the data for international databases such
as the ABHBC are deduced from fixed weather stations.

Using the LS factor with the 10 m DEM and the factors
R, K, C, and P from international databases (with 30 m data
resampled to 10 m), raster datasets are converted by tools
that follow the resampling method environment interpo-
late pixel values. In particular, resampling uses the nearest
neighbor method to ensure that pixel values are correctly
interpolated. The soil loss in the commune of Bouguergouh
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varies between 0 and 71.99 t/ha/yr (Fig. 17). This result
is comparable to that estimated from the measured data
(0-74.98 t/ha/yr) (Table 6).

The estimated soil-loss rate for the five abandoned quar-
ries is given in Table 7. No difference is observed between
the measured (Fig. 15) and international (Fig. 17) data.

Table 2 Distribution of vegetation cover in the commune of
Bouguergouh

Vegetation cover Landsat 8 Med VI image

Vegetated Percentage Vegetated Percentage

area (kmz) area (km?)
Forest 10.33 11.1 2.48 2.67
Agriculture 23.31 25.04 0.73 0.79
Built-up land 4.64 4.99 0.50 0.54
Bare land 41.41 44.48 7.55 8.12
Uncultivated land 13.08 14.05 81.49 87.53
Water body 0.31 0.34 0.33 0.35

4 Discussion

Our analysis, following the classification proposed by
Beskow et al. (2009) (Table 3), revealed variations in ero-
sion intensity in the Bouguergouh commune at resolutions
of 30 m (ranging from O to 260.61 t/ha/yr) (Fig. 14) and 10
m (0-74.98 t/ha/yr) (Fig. 15). According to global databases,
approximately 81% of the land experiences low erosion (0-5
t/ha/yr), while approximately 13.35% faces medium erosion
(5—15 t/halyr), with 5.75% of the land exhibiting high ero-
sion rates (above 15 t/ha/yr). In contrast, based on the meas-
ured databases, 89.57% of the land underwent low erosion,
approximately 13.35% experienced medium erosion, and
only 0.98% experienced high erosion.

Based on the RUSLE model, the average soil-loss rates
for the settlement areas of the five abandoned quarries in
the municipality were estimated to be between 1.28 and
7.70 t/ha/yr for the global database and between 0.90 and
7.74 t/ha/yr for the measured database (Table 7).

Taoufik et al. (2020) reported higher values for various
abandoned quarries in the Akreuch area, ranging from 9.65
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Fig. 12 Factor C map for 314000 316000 318000 320000 322000 324000 326000
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to 103.46 t/ha/yr. This disparity can be attributed to sev-
eral factors, including the notably elevated precipitation
erosivity factor (R factor) exceeding 84 MJ mm/ ha h year.
In comparison, our study reports R-factors below 68.98
MJ mm/ha h year using the NASA Power Data data and
below 55.92 MJ mm/ha h year using the ABHBC database.
In addition, there is considerably greater soil erodibility
(exceeding 0.07 t h/ MJ mm), whereas our study indicates
a lower K-factor value. Furthermore, steep slopes char-
acterize the topographic conditions, as indicated by the
LS factor.

Integrating data from measured and international data-
bases could enhance soil-loss estimation. We analyzed the
five factors within the RUSLE model to assess the data
quality.

The K-factor values for the commune (ranging from 0.03
to 0.04 t h/MJ mm) appear relatively low compared to find-
ings from other studies on watersheds or abandoned quar-
ries. For instance, Modeste et al. (2016) higher values in
the Ourika watershed (High Atlas, Morocco) were reported,
ranging from 0.15 to 0.69 t h/ MJ mm. Similarly, Taoufik

@ Springer

et al. (2020) identified values exceeding 0.3 t h/ MJ mm in
abandoned quarries within the Akreuch region (Morocco).
According to the Dumas classification, the soil erodibility
factor does not significantly influence this case’s erosion
rate.

In the case of the P factor, we assigned a uniform value
of 1 across the entire study area. This decision was made
due to insufficient information regarding soil-conservation
practices. This approach aligns with previous research
studies conducted by Brahim et al. (2020), El Jazouli et al.
(2019) and Taoufik et al. (2020), where a similar value was
employed under comparable circumstances.

The C factor was not a significant influencer in the
RUSLE model in our study. This is because the areas where
quarries are situated are classified as bare land. This obser-
vation supports Taoufik et al. (2020) findings in abandoned
quarries in the Akreuch region of Morocco, further confirm-
ing our results.

When utilizing NASA Power Data, we observed a range
of R-factor values for the commune, spanning from 68.63
to 69.03 MJ mm/ha h year. In contrast, our analysis of
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measured data from the four ABHBC stations located near
the Bouguergouh commune, which is within the watershed
of Oued El Himer, yielded lower R-factors, falling within the
range of 53.85-55.98 MJ mm /ha h year. This variance can
be attributed to two actors:

e Gaps found in the ABHBC database

NASA Power Data are estimated at the macro and
regional levels.

Other watersheds in similar semiarid climates, as indi-
cated by rainfall data from various Water Basin Agencies,
have also been studied. Bou-Imajjane and Belfoul (2020)
reported values ranging from 39.18 to 44.56 MJ mm/ha h
year in the Beni Mohand watershed in the Western High
Atlas of Morocco. Moreover, Bou-Imajjane and Belfoul
(2020) reported values between 24.47 and 53.89 MJ mm/ ha
h year in the Argana corridor in the High Atlas of Morocco.
These two studies yielded values that are generally lower
than the results obtained in our research. Similarly, Sadiki

et al. (2004) conducted a study in the Boussoaub watershed
in the eastern part of the Rif region of Morocco, obtaining
values ranging from 31.2 to 60 MJ mm/ ha h year, which
aligns with our findings.

In contrast, Taoufik et al. (2020) reported significantly
higher values, exceeding 80 MJ mm/ha h year, in the
Akreuch region of Morocco. It is worth noting that the pre-
cipitation erosivity factor, calculated based on annual rain-
fall averages, plays a pivotal role in influencing the water
erosion rate estimated by the RUSLE model.

The LS factor, which represents topographic charac-
teristics such as slope steepness and length, was a crucial
element in our analysis. Previous studies have explored the
significance of DEM resolution. For instance, Mondal et al.
(2016) utilizing open-source DEMs, including those from
the USGS, such as ASTER (30 m), SRTM (30 and 90 m),
and GTOPO30 (1 km), as well as data from the National
Remote Sensing Center of India (NRSC) for CARTOSAT
(30 m). Their findings indicated that high-resolution DEMs
at 30 m provided better soil-erosion predictions with reduced

@ Springer
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uncertainty and disparity. Moreover, when they compared
different elevation datasets using actual elevation points,
they discovered that the 30-m DEM, specifically the SRTM
DEM, exhibited superior overall accuracy compared to other
DEM:s. Similarly, the 30-m DEM yielded more accurate esti-
mates of sediment than the 90 m DEM (Bhattarai and Dutta
2006).

In another comparative study conducted by Shan et al.
(2019) in a burned national park in New South Wales, Aus-
tralia, various DEM resolutions (1, 5, 10, 25, 30, and 90 m)
were evaluated. Their research revealed that DEMs in the
5-10 m range provided an optimal resolution that closely
aligned with the actual LS values, as measured on 12 plots
within the study area. DEMs with resolutions less than 5 m
tended to underestimate the LS factor, while those with reso-
lutions greater than 10 m tended to overestimate it.

In the RUSLE model:

e K-factor values are shallow (0 and 0.05 t h/MJ mm) in the

whole municipality according to both databases (ISRIC-
World Soil Information and laboratory data).

@ Springer

e All quarry sites are considered bare land, so the C factor
is assigned a value of 1.

e The P factor is constant and equal to 1 for all of
Morocco.

e Only the LS and R factors can influence the erosion esti-
mate in the Bouguergouh commune.

Our analysis revealed that the R factor, which accounts for
precipitation erosivity, was derived from data collected at the
four fixed meteorological stations near the commune. Con-
sequently, among the factors in the RUSLE model, the LS
factor can be specified and adjusted to fit local conditions.

This study underscores an essential finding: by relying on
fundamental international data, we can generate estimates
of soil loss that closely approximate actual values. This
approach offers several advantages, notably significant cost
savings and reduced resource allocation regarding finances
and logistics. It prevents the need for extensive soil sampling
and analysis and the acquisition of high-cost, high-quality
data, satellite imagery, and climate data.



Mediterranean Geoscience Reviews (2024) 6:249-268 263

314000 316000 318000 320000 322000 324000 326000
| ] | | | | |
o o
1= 1=
ol - 2
< <
) )
N N
o o
=4 =4
ol b 2
I I
© ©
N N
o o
=4 1=
ol b ©
=} =}
© ©
N N
o o
1=} =4
=g oS
c© ©
~ ~
o~ o~
Legend
g | T auary E
S | soill ©
| Soil loss N
(t/halyear)
L] High : 74,98
S 3
— .
S- Low: 0 -3
~ ~
N N
o — [
0 2
| 1 | 1 I I |
314000 316000 318000 320000 322000 324000 326000
Fig. 15 Resulting soil-loss map at t/ha/year for the DEM (10 m)
Tablg 3 Soil-loss classes for the Soil-loss rate (t/  Qualitative Table 4 Distribution of the soil-loss rate in the commune of
province of Settat, adapted from ha/yr) soil-loss Bouguergouh in the two databases
Beskow et al. (2009) class

Soil-loss clas-  International databases = Measured databases

0-5 Low sification (t/ (30 m) (10 m)

5-15 Medium ha/yr) Area (km?) Percentage Area (km?) Percentage

15-25 High

25-100 Very high 0-5 75,32 80,90 83,40 89,57

>100 Too high 5-15 12,42 13,35 8,80 9,45
15-25 3,04 3,27 0,72 0,77
25-100 2,22 2,39 0,18 0,21

However, for those seeking even more precise estimations > 100 0,08 0,09

of soil loss, one noteworthy investment to consider is acquiring
a high-resolution Digital Elevation Model (DEM). Such an
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Table 5 The soil-loss rate for each abandoned quarry

Quarries Soil-loss rate (30 m) (t/ Soil-loss rate
ha/yr) (10 m) (t/ha/yr)

Q1: Bouguergouh 7.74 6.33

Q2: Bouguergouh 6.68 7.7

Q3: Bouguergouh 0.90 2.83

Q4: Bouguergouh 4.83 4.16

Q5: Bouguergouh 1.25 1.28

investment can yield more reliable results and further enhance
the accuracy of soil-erosion predictions.

Finally, to combat soil erosion and promote soil conser-
vation, effective solutions include planting cover crops and
establishing grassed waterways to protect soil, employing ero-
sion control structures like terracing and check dams to man-
age runoff, and adopting soil-management practices such as
reduced tillage and incorporating organic matter. Implement-
ing water-management strategies like rainwater harvesting and
proper drainage, creating riparian buffers to stabilize water
bodies, providing education and training to farmers, advocat-
ing for supportive policies and financial incentives, and con-
ducting regular monitoring and research are all crucial. These

% v

Q4 (15/03/2022)

T—
Coatte, ELR, ST

Q5 (15/03/2022)

Fig. 16 Images of various eroded open-pit quarries
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measures collectively enhance soil health and reduce erosion,
supporting sustainable land management.

5 Acknowledgment of limitations
and recommendations

This study acknowledges its limitations, such as variabil-
ity in data resolution, inherent limitations of the RUSLE
model, and the use of uniform parameters (e.g., P coeffi-
cients) due to a lack of local data. Further case studies in
different geographical areas and longitudinal studies over a
long period are recommended to improve the reliability of
the results. Integrating advanced technologies such as high-
resolution satellite imagery and LiDAR, as well as consid-
ering socioeconomic factors and comparative analyses with
other soil-erosion models, can further validate and refine
the conclusions.

We recommend the following strategies and considera-
tions for improving soil-erosion estimation and management,
particularly in the context of abandoned quarries:

¢ A high-resolution DEM (1 m or 5 m) was used to improve
the results obtained for erosion estimation at a 30 m reso-
lution. Indeed, at the scale of a quarry, the 30-m DEM is

Q1 (15/03/2022)
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not very significant because it does not reflect the natural
topography of the land

e Drones can be used for topographic surveys because
this modern and innovative method allows accurate and
detailed land surveys to be conducted faster, more pre-
cisely, and more economically than traditional methods

Table 6 Distribution of the soil-loss rate in the commune of
Bouguergouh according to the two databases at a 10 m resolution

Soil-loss clas-  International databases = Measured databases

sification (t/ (30 m) (10 m)
ha/yr) > >

Area (km~) Percentage Area(km”) Percentage
0-5 83,33 89,50 83,40 89,57
5-15 8,40 9,02 8,80 9,45
15-25 1,07 1,14 0,72 0,77
25-100 0,31 0,34 0,18 0,21

e The quality of precipitation data collected from weather
stations should be ensured to avoid gaps in the ABHBC
database

6 Conclusion

During this work, the RUSLE factors obtained from inter-
national data (NASA, ISRIC, Landsat 8, ASTER DEM 30
m and DEM 10 m obtained from Sentinel 1A converted by
SNAP software) and measured data (ABHBC, field data and
Med VI satellite image) were integrated into a GIS envi-
ronment as thematic information layers and then multiplied
pixel by pixel with resolutions of 30 m (international bases)
and 10 m (measured data). The results of the soil loss esti-
mation at the sites of the five abandoned quarries in the com-
mune of Bouguergouh in Morocco showed that three quar-
ries were located in areas with a low soil-loss rate, and two
quarries were located in areas with an average erosion rate.
These results were obtained from measured and international
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Table 7 Soil loss for abandoned
quarry sites for measured and
international databases with 10
m resolution

Quarries Soil-loss rate [10 m) (with measured Soil-loss rate (10 m) (with

databases) (t/ha/yr) international databases) (t/
ha/yr)

Q1: Bouguergouh 6.33 6.45

Q2: Bouguergouh 7.7 7.82

Q3: Bouguergouh 2.83 2.95

Q4: Bouguergouh 4.16 4.26

Q5: Bouguergouh 1.28 1.36

data by setting the LS factor and using a 10 m resolution.
This means the DEM 10 m is more accurate than the other
DEMs and yields the same soil-loss rates. This allowed us
to conclude that measured data on erosion estimation that
require heavy and important resources, financial, logistical,
and human (in terms of soil sampling and analysis, acquisi-
tion of high-quality/resolution data such as satellite images
or climate data) can be predicted from international data-
bases with very high resolution. However, further compari-
sons under different conditions are necessary to draw more
general conclusions.
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