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Abstract

The Central areas of Morocco are susceptible to soil erosion due to their complex terrain form and heavy rainfall events. The

objective of this study is to quantify soil erosion in the Ben Ahmed watershed, Settat Province, a representative watershed of

Central Morocco, using the Universal Soil Loss Equation (USLE) and Geographic Information System (GIS). The soil erosion

parameters were mapped using different data sources then overlaid using raster calculation. The R factor map was developed

from the rainfall data with a return period of 20 years, the K factor map was obtained from the soil map, the factor C map was

generated based on a very high spatial resolution satellite image provided by ESRI servers, a digital terrain model (ASTER)

with a spatial resolution of 30 m was used to develop the LS factor map. P factor map was assumed as 1 for the watershed

because conservation practices are absent. The results showed an average annual soil loss of 1.1 t ha-1 yr-1 with a standard

deviation of 3.7. The spatial distribution of the erosion risk classes indicates 74.5% of low rates, largely located on agricultural

land, while higher rates are local and range from 5 to 88 t.ha-1.year-1. Analysis of the erosion risk map, in comparison with

different thematic maps of the various factors of the equation, shows a clear and significant influence of the vegetation cover on

the erosion behavior of soils, followed by the topographic factor, particularly the slope steepness.

Introduction

Soil erosion is highly significant as a spatiotemporal phenomenon in many countries (Fistikoglu and Har-
mancioglu, 2002; Hoyos, 2005; Pandey et al.,2009). Soil erosion is a natural process, where the extent and
magnitude of soil loss are controlled by various environmental determinants, such as topography, climate,
soil and vegetation (Wischmeier and Smith, 1978; Renard et al., 1997; Mutua et al., 2006; Butt et al., 2010).
There are several factors that increase water erosion which are: rainfall, soil type, slope, vegetation type and
presence or absence of conservation measures (Khalid chadli, 2016).

In Morocco, soil erosion has been increasing annually. Indeed, in recent decades, the agricultural areas has
undergone considerable changes, with specific degradation and soil loss rates, varying from region to another
and mainly ranging from 5 to 20 t/ha/year (Ghanam, 2003).

To date, most studies on soil erosion at large scale have used numerous soil erosion and sediment transport
models. In fact, modeling provides quantitative estimation of soil loss in a reasonable time-frame under a
wide range of conditions, compared to the field-based methods. In Morocco, research works dealing with soil
erodibility and erosion risk were undertaken at different scales. El Garouani et al. (2005) used the USLE in
the Oued Jemaa basin (Pre-Rif zone in the North of Morocco). For large scale mapping, El bouqdaoui et al.
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(2005) used the expert-based model LEAM (Land Erodibility Assessment Model), based on the USLE and
satellite imagery to evaluate soil loss rates in the Oued Srou Basin.

Universal Soil Loss Equation (USLE) (Wischmeier & Smith, 1978) and Revised Universal Soil Loss Equation
(RUSLE) (Renard et al., 1997) are the most widely used models because of their simplicity, robustness
and transparent model structure, minimal data requirement, easy input data availability as well as the
compatibility with geospatial platforms (Millward & Mersey, 1999; Merritt et al., 2003). Despite the inherent
limitations of USLE and RUSLE, the versatility of these models integrated with GIS was demonstrated in
a wide range of environmental settings and at various spatial scales (Prasanna-kumar, Vijith et al., 2011;
Prasannakumar, Shiny et al., 2011; Ranzi, Le, & Rulli, 2012; Mhangara, Kakembo, & Lim, 2012; Panagos
et al., 2015; Pradeep et al., 2015; Magesh & Chandrasekar, 2016; Abdo & Salloum, 2017; da Cunha, Bacani,
& Panachuki, 2017 ; Haregeweyn et al., 2017).

The objective of the present study is to assess the amount of soil loss at Ben Ahmed watershed based on
USLE method and GIS (Geographical Information System) techniques, and to prepare potential soil erosion
maps of the Ben Ahmed watershed.

Materials and Methods

Study area

The Ben Ahmed watershed is located in the region of Casa-Settat (Settat province), 70 km Southeast of
Casablanca in Northwest Morocco, covering 545 ha. The study area receives an average annual rainfall of
400 mm and is under a semi-arid climatic with a mean minimum and maximum temperature of 9°C and
26°C. Almost 75% of the area is occupied by agriculture land.

The universal soil loss equation

The USLE, proposed by Wischmeier and Smith (1978), is applied in several studies worldwide. The input
required data reflect the five factors; rainfall erosivity, soil erodibility, topography, crop management and
conservation practice. It is described as follow:

A=R*K*LS*C*P (1)

Where:

A: is the average annual soil loss (tons ha-1year-1),

R: is the rainfall erosivity (MJmm ha-1h year),

K: is the soil erodibility factor (tons ha-1R unit-1),

LS: is the topographic factor (adimensional ),

C: is the cropping management factors (adimensional), and

P: is the practice support factor (adimensional)

Topographic Factor (LS)

The (LS) factor reflects the combined effect of slope length and slope steepness on erosion. The empirical
equation developed by Wischmeier & Smith (1978) as follow.

LS = (L/22.15) × (65.41 sin2S +4.56 sin S+0.065) (2)

For practical reasons of calculation under GIS, we have adopted the following formula: LS = Pow ([flowacc]
* resolution / 221.04) * Pow (Sin [slope] * 0.01745 / 0.09,1.4) * 1.4 where ”flowacc” is the flow accumulation,
”resolution” is the spatial resolution of the numerical model of terrain used and ”slope” is the slope gradient
in degree (°).

2
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Cropping management factor (C)

The C factor is a most important factor that controls soil erosion risk (Knijff et al., 2000) and it reflects the
effect of cropping and management practices on the soil erosion rate (Jong, 1994; Biesemans et al., 2000;
Patil & Sharma, 2013). For our case, the land use classes were digitized by photo-interpretation based on
the very high spatial resolution satellite image with provided by ESRI © servers.

Rainfall-runof f erosivity (R) factor

Rainfall-runoff erosivity is defined as the intrinsic capacity of the rain to cause soil erosion, and amount,
intensity, terminal velocity, drop size and drop size distribution of rain are the variables affecting total
erosivity of a rain event ( Blanco-Canqui and Lal , 2008). According to Wischmeier and Smith (1978) and
Renard et al. (1997), estimation of R factor requires total rainfall energy (E) and maximum 30 min rainfall
intensity (I30) of storm events for at least 20 years. With the lack of sufficient return period climate data in
the study area, the R factor was calculated adopting the modified formula of Rango and Arnoldus (1987).
Which is defined as Eq (3 ).

logR = 1.74.log
∑12

i=1 (P î2/P ) + 1.29(3)

Support practice (P) factor

The P factor indicates the significance of support practices, which reduce soil loss by modifying the flow
pattern, grade or direction of surface runoff and by reducing the rate of runoff (Wischmeier and Smith, 1978;
Renard and Foster, 1983). It varies from 0 to 1, according to the practice adopted and slope. In our case,
the value assigned to the factor P is 1 for the whole watershed, since the anti-erosion measures are absent.

Soil Erodibility Factor (K)

The soil erodibility factor K represents the susceptibility of soil particles to be detached (Renard and al.,
1997). K is strongly related to the physical properties of the soil and plays an important role in soil conser-
vation strategies (Shabani, Kumar, & Esmaeili, 2014). All of the K factor equations are related to the soil
texture, soil organic matter, and percentage of sand, silt, and clay in the soil (Millward & Mersey, 1999). It
is expressed in t.haMJ-1.mm-1, and determined according to the following formula (Eq. 4).

K = 2.77M 1,14. 10-7(12 - OM) + 4.28 (10-3) (SS - 2) + 3.29 (10-3) (PP - 3) (4)

Where OM is the soil organic matter content, M is the indicator of the soil textural class ((%fine sand+silt)
x (100–%clay)), SS and PP represent the soil structure and permeability classes.

Results

Topographic factor (LS)

Topographic factor represents the influence of slope length and slope steepness on erosion process. LS is
calculated using the formula mentioned in the methodology section, using an ASTER type digital terrain
model with a spatial resolution of 30 m. LS values obtained in the Ben Ahmed watershed range from 0 to
4.25 (Figure 1).

Figure 1 here

Cropping management factor (C)

Currently, due to the variety of land cover patterns with spatial and temporal variations, satellite remote
sensing data sets are used for the assessment of C –factor (Karydas et al., 2009). Based on our land cover
mapping, the results showed that the C factor ranged from 0 to 1. The land use-land cover of the Ben

3
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Ahmed watershed was classified with three land cover classes, namely, agriculture land which represent
74,5% (C=0,1), bare land representing 22,4% (C=1) and built-up (C= 0) representing 3,1%. These land
use-land cover features are represented in Table 1 and Figure 2.

Table 1 here

Figure 2 here

Rainfall-runoff erosivity (R) factor

Several studies (Jain et al., 2001; Dabral et al., 2008) revealed that the soil erosion rate at the watershed
level is more sensitive to rainfall. In Ben Ahmed watershed, the mean annual rainfall is 548.83 mm. It
is calculated by reporting the average annual precipitation values measured between 1969 and 2002 in the
surrounding catchment area. The R-value of Ben Ahmed watershed obtained from annual and monthly
precipitation averages is 75.67 (MJ * mm / ha * hour) (Table 2).

Table 2 here

Support practice (P) factor

The most conservative practices of soils are contour crops, alternating strips or terraces, reforestation in
banquettes. According to the Wischmeier equation, P is equal to 1 if none of these practices exist in
watersheds, which is the case of our study area.

Soil Erodibility Factor (K)

The evaluation of the K-index in the Ben Ahmed watershed was based on the 1 / 100.000 soil map, sup-
plemented by data analysis of studied soil (texture, structure, organic matter, permeability). There are 5
soil types within the Ben Ahmed watershed, K values related to the different soil types have been estimated
from the USLE Nomograph (Wischmeier and Smith, 1978). By plotting the K values in respect to different
soil types, the soil erodibility map of the study area was elaborted (Figure 3). The K factor map shows a
maximum value of 0.43 and minimum value of 0.007, with 25.5% of the soil showing very low erodibility (K
<0.05), represented by the vertisols and isohumic soils. The moderate values of erodibility ranging between
0.1 and 0.2, were reported in the calcareous regosols, covering 3.8% (20 ha) of the total catchment area,
while for clayey regosols, the K value is high, ranging from 0.2 to 0.4. The maximum K value (0.43) was
reached for rendzinas. Spatial distribution of K value is shown in Table 4. From this study, it has been
found that very low K factor (<0.05) was found in 25.5% of the total area while major portion (59.2%) of
the total basin has recorded very high K values (K>0.4).

Table 3 here

Figure 3 here

Evaluation of soil losses

After completing data input procedure and preparation of the appropriate maps as GIS raster layers, they
were overlaid using the ”Raster calculator” module of the GIS software ”ESRI ArcGIS (c)” in order to
estimate of the potential rate of soil erosion. In order to predict the annual average soil loss rate in the Ben
Ahmed basin, all parameters of the USLE model are overlaid using multiplicative function of the Raster
calculator. The soil erosion map (Figure 4) represents the spatial distribution of potential annual average
soil loss rates of the study area showing a maximum value of 0.88 t/ha/yr and minimum of 0 t /ha/yr
distributed in the total study area.

Our study revealed that 90.1% of the total study area is characterized by an erosion rate ranging between
0 and 2.5 t/ha/yr, while the moderate values of rate soil loss are ranging between 2.5 and 10 t/ha/yr cover

4
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8.2% of the total catchment and the area with soil loss rate greater than 10 t /ha/yr cover 1.7% of the total
area (Table 4).

Table 4 here

Figure 4 here

Discussion

The GIS analysis was carried out for USLE to estimate annual soil loss on a pixel-by-pixel basis and the
spatial distribution of the soil erosion in the study area. This treatment makes it possible to subdivide the
study area (545 ha) into 4 distinct units.

Due to insufficient information on climatic data (R-factor), and the absence of anti-erosion practices (P-
factor) in the study area, only the values of erosive potential were drawn. The other factors (K, LS, C)
of the equation are described as a digital map, and the three digital layers of the equation are overlaid to
obtain the spatial distribution of the erosive potential in the basin (Figure 4).

The assessed average annual soil loss rate of Ben Ahmed watershed was grouped into different classes based
on the minimum and maximum values and the spatial distribution of each class is presented in Figure 4.
The grouping of different soil erosion severity zones was carried out by considering the field conditions. The
results presented in table 4 show that about 94.2% (504 ha) of the study area is classified as low potential
erosion risk (0-5t/ha/yr), while the rest of the area is under moderate to high erosion risk. In terms of actual
soil erosion risk, the study area has 4.1% moderate (5-10 t/ha/yr), and 1.7% high (>10 t/ha/yr) erosion risk
levels. The spatial pattern of classified soil erosion risk zones indicates that the areas with low erosion risk
are located in the agriculture land and represent 74.5% presented by the class C of 0.1, while the area with
high erosion risk is in bare land and built-up, presented by the class C of 1. The spatial pattern of annual
averages soil erosion risk map shows high spatial correlation with C factor, and it indicates the role played
by cover in controlling soil losses in study area. The lands in our area are almost flat, with low LS values
ranging from 0 to 4.5.

The high value of K factor are found in rendzinas (>0.4), and the moderate value ranging between 0.10 and
0.4 4 are found in calcareous and clayey regosol, while the vertisols and isohumic soil show low values of K
factor (<0.05), similar to results found by Lahlaoi et al. (2015) at the Oued El Maleh watershed.

The average soil erosion rate recorded in our study area ranges from 0 to 88 t/ha/yr with a mean of 1.1
t/ha/yr and a standard deviation of 3.7t/ha/yr, which remains spatially variant and lower than the rate
found by Ouallali et al. (2016), in the Wadi Arbaa Ayacha watershed (Western Rif, Morocco) with a mean of
8t/ha/yr. At the Nakhla watershed level, 65 t/ha/year was estimated by Tribak et al. (2012), 37 t/ha/year
at the Khemis basin (Khali Issa et al., 2014) and 224 t/ha/year at the Oum Er-Rbia watershed (Yjjou et
al., 2014).

Conclusion

A quantitative assessment of average annual soil loss in Ben Ahmed watershed was made with GIS based
USLE equation considering rainfall, soil, land use and topographic datasets. The average erosion rate in Ben
Ahmed watershed ranges from 0 to 88 t/ha/year with an average of 1.1t/ha/yr and a standard deviation of
3.7t/ha/yr. The rate of soil erosion varies highly within the landscape mainly due to the changing of land use
pattern, topographic abrupt change and soil type distrubution. The results indicate that 94% of the total
area watershed lands are subject to low losses, while 5% is severely eroded with rate erosion soil ranging
from 10 to 88 t/ha/year. Moreover, rate of soil loss from different sub watersheds is mainly dependent on
C, LS and K factors.

Conflict of Interest Statement
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Table captions

Table1. Distribution of vegetation cover factor classes in the Ben Ahmed Basin

Table 2. The erosivity index of the rainfall of Ben Ahmed station

Table 3. Spatial distribution of K factor in the study area

Table 4. Spatial distribution of soil loss

Table 1

Land use Class C Area (ha) Area ( %)

Agriculture land 0,1 406 74,5
Bare land 1 122 22,4
Built-up 0 17 3,1

Table 2

Sept, Oct, Nov, Dec, Jan, Fev, Mars Avr, Mai Juin Juil, Août Total

P (mm) 7,11 27,62 52,87 56,9 56,12 44,67 45,64 39,89 16,64 4,55 2,31 3,38 548,83
R (MJ*mm/ha*heure) 0,599 4,659 12,430 13,890 13,603 9,635 9,953 8,120 2,166 0,305 0,110 0,195 75,67

Table 3

Soil type K Factor Area (ha) Area (%)

Vertisols and isohumic soils < 0,05 : Very low 135 25,5
Calcareous regosols 0,1 - 0,2 : Moderate 20 3,8
Clayey regosols 0,2 - 0,4 : High 61 11,5
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Soil type K Factor Area (ha) Area (%)

Rendzinas > 0,4 : Very High 314 59,2

Table 4

Class of soil losses (t/ha/yr) Area ( ha) Area (%)

0 - 2,5 482 90,1
2,5 - 5 22 4,1
5-10 22 4,1
> 10 9 1,7

9



P
os

te
d

on
A

u
th

or
ea

18
M

ay
20

20
—

C
C

-B
Y

4.
0

—
h
tt

p
s:

//
d
oi

.o
rg

/1
0.

22
54

1/
au

.1
58

9
8
10

63
.3

20
12

87
9

—
T

h
is

a
p
re

p
ri

n
t

an
d

h
as

n
ot

b
ee

n
p

ee
r

re
v
ie

w
ed

.
D

at
a

m
ay

b
e

p
re

li
m

in
ar

y.

10



P
os

te
d

on
A

u
th

or
ea

18
M

ay
20

20
—

C
C

-B
Y

4.
0

—
h
tt

p
s:

//
d
oi

.o
rg

/1
0.

22
54

1/
au

.1
58

9
8
10

63
.3

20
12

87
9

—
T

h
is

a
p
re

p
ri

n
t

an
d

h
as

n
ot

b
ee

n
p

ee
r

re
v
ie

w
ed

.
D

at
a

m
ay

b
e

p
re

li
m

in
ar

y.

11


