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ABSTRACT

Background : Soil loss by erosion processes remains the principal environmental issue in the Argana basin, in the western part of the
Moroccan High Atlas. The erosion is a real threat not only for the durability of soil fertility, but also for the sustainability of
Abdelmoumene dam due to its situation downstream. Objectives : This study is an attempt to assess the soil loss risk in the Argana
basin by combining remote sensing and geographic information system (GIS) techniques as well as field observation. Material and
Methods : The model used in this study was the Revised Universal Soil Loss Equation. Shuttle Radar TopographyMission (SRTM1)
images with 30m of spatial resolution and Advanced Spaceborne Thermal Emission and Reflection (ASTER) Radiometer images,
besides data obtained from the WorldClim 1.4 website and the Harmonized World Soil Database 1.2 (HWSD) were integrated and
processed into an ArcGis environment to generate the soil loss risk map for the area studied. Results : The results mainly consist in
thematic maps illustrating the distribution of the six factors considered in the revised universal soil loss equation RUSLE model, notably
R, K, LS, C and P factors. Field observation confirmed that soils undergo deep erosion in zones of high to very severe erosim risk.
Conclusions : It is concluded that the application of RUSLE model was helpful to assess the soil loss risk in the Argana basin. The
annual mean of soil loss ranges from 0.036 to 270.572 (t/ha/year). Lands representing 17.23% of global surface showed low to
moderate risk, while high to very high risk and severe to very severe risk were revealed in surfaces corresponding to 55.78% and
26.99% respectively. This situation is verified on field and reveals a real threat for both soils stability and Abdelmou mene dam
durability. Anti-erosion measures are thus demanded to ensure sustainable protection of natural resources really threatened.
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1.INTRODUCTION

Soil loss is a global and serious problem with negative environmental, economic and social impacts all over the world,
especially in arid and semi-arid areas. In the Argana basin situated in the Moroccan High Atlas (fig. 1), soils are seen as a
natural resource threatened by erosion. The loss of superficial soil leads to the reduction of its fertility necessary for
sustainable agricultural development. In addition, the products of water erosion are transported downstream and can be
accumulated in the reservoir of the Abdelmoumene dam, threatening thus its sustainability. A study of the soil erosion
risk is therefore important to understand the erosive dynamics in the Argana basin and to plan anti-erosion measures for
the priority zones . The Universal Soil Loss Equation USLE proposed by Wischmeier and Smith (1978) ishe most used to
estimate water erosion [1]. To adapt the USLEmodel and overcome the lack of data necessary for its use, modifications
and approximations were made by other researchers leading thus to the Revised Universal Soil Loss Equation RUSLE
[2,3,4,5,6,7] . Studies of the soil loss risk have been carried out in different parts of Morocco and under different natural
conditions [8,9,10,11,12,13,14,15,16,17,18,19,20]. These and other works have shown the suitability of the USLE/RUSLE
models to assess soil loss risk. The current level of knowledge and the available techniques relating to remote sensing
and Geographic Information System (GIS) allow the choice of the most adapted formulas according to the data
availability and to the natural conditions of the study area. In this work satellite images and universal databases as well
as field data were processed in a GIS environment to develop a soil erosion risk map based on the RUSLE model.

2. MATERIALS AND METHODS

2.1 Study site:

The study area is about 1305 km? and is located in the western part of High Atlas, 70 km NE of the Agadir city (fig. 1). It
stretches between north latitudes 30.640 to 31.073 and west longitudes -8.727 to -9.320 (decimal degrees, Merchich
coordinate system, Morocco). Dominant outcrops are Permian-Triassic red deposits composed of conglomerates,
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sandstones, silts and sandy clays with basalts and dolerites [21,22,23,24]. The Permian-Triassic formations are
discordant on the Paleozoic basement, east of the area studied. The western part of the basin is characterized by
outcrops of Jurassic age corresponding to limestone, clay limestone, sandstone, marl and sandy clay with gypsum
[21,22].

Under arid to semi-arid climate conditions, human activities are mainly breeding, agriculture and arboriculture. The
Abdelmoumene dam is built on the Issen River and being functional since 1981. It has a capacity up to 214 Mm ® and
forms a water resource available to meet the needs of the population of the Souss area, between the foothills of the High
Atlas mountains and the Souss River[25,26]. But due to environmental changes and soil degradation, erosion products
are transported to the dam reservoir causing thus a possible decrease of its storage capacity and disturbance in the
planning of sustainable development programs in the region.
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Figure 1 : Location of the Argana basin in the Moroccan High Atlas domain
2.2 Data acquisition and processing:

Shuttle Radar Topography Mission satellite images SRTM1 with 30m of spatial resolution, acquired in September 2014 and
downloaded from the USGS website at: https://earthexplorer.usgs.govwere used to extract topographic and hydrographic data
(e.g. slope, stream network, sub-basins and flow accumulation maps) necessary for the assessment of soil loss. Advanced
Spaceborne Thermal Emission and Reflection ASTER Radiometer images, covering ghstudy area and acquired between
September and October 2014, were downloaded from the website of METI AIST Data Archive System MADAS at:
https://gbank.gsj.jp/madas/map/index.htmland used to assess the vegetation cover density and its contribution to soil
conservation. Due to incomplete data on rainfall and soils in the region, monthly rainfall derived from long -term
observations were provided by the WorldClim 1.4 universal free database based on interpolations of observed data
representative of 1960-1990 and retrievable at: [27]. While soil data were obtained from the Harmonized World Soil
Database HWSD 1.2 [28] . Besides information provided by the geological map of Argana [21] and aerial images, direct
field observations were helpful to provide additional information and generate the soil loss risk map for the Argana basin.
The approach adopted for processing the available data according to the RUSLE model consists in the integration of
remote sensing and GIS techniques to assess soil loss risk. ArcGis software was very helpful to complete this task.
Estimation of the soil loss potential is performed by using the RUSLE model. The revised equation uses the same principles
as USLE but includes manyimprovements related to factor approximation and surface influence [29]. The factors used are
erosivity of rainfall and runoff ( A), soil erodibility ( K), slope length impact (L), slope roughness (S, coverage and
management practices (Q and conservation practices (A [1]. The equation Eq.(1) is written as follows:

6 Y 0O 0°YO0 6(1)

Where A is the annual mean of soil loss in (t/halyear). Ris expressed in (MJ.mm.ha'.h.year?) and Kin (t.h.MI*.mm™)
while L, § Cand Pfactors are dimensionless.
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Rainfall -Runoff erosivity (R  -factor)

The R-factor is a climatic parameter that takes into account the rainfall-runoff erosive capacity. It is determined by
Wischmeier and Smith (1978, 1958) as the total of storm kinetic energy ( £ multiplied by its maximum 30 min intensity
(/30) according to the following equation Eq.(2) [1-30]:

‘© 0 0 (»

The approximation adopted to estimate R-factor is based on monthly and annual rainfall data as suggested by Arnoldus
(1980) [2]. It consists of a simple equation which is widely utilized and whose data are easy to obtain [16-31]. The
equation is as follows Eq.(3):

8
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Where F represents the mean of monthly rainfall and Pthe mean of annual rainfall calculated as the sum of F. The R-
factor is basically in U.S. unit (100ft.tonf.in/acre.h.year) and is multiplied by 17.2 for conversion into the international  unit
(MJ.mm.ha*.htyear?) [3].

The R-factor map is derived from the processing of monthly mean rainfall data provided by Worlclim1.4 database. The
subset covering the region of interest is extracted into ArcGis environment and annual mean rainfall as well as R-factor are
generated as raster datasets.

Soil erodibility (K -factor)

Soil erodibility expresses the intrinsic capacity of a soil to be eroded by the effect of long-term rainfall -runoff. The K-factor
depends on the soil parameters which are texture ( M), organic matter ( &), structure ( § and permeability ( A. The equation
used to evaluate soil erodibility is recommended for soils containing less than 70% silt [1-15-32,33]. This is the case of the
Argana basin. The K-factor is expressed as follows Eq.(4):

0 — c¢d ® pm pc ® oBUY ¢ O o0'QEi i "Qomced)
Where Mis the product of the primary particle size fractions Eq.(5):
0 Pi Qaopmnnboda OE)

ais obtained by multiplying the total organic Carbone provided by the HWSD database by 1.728. The K-factor expressed in
U.S. unit (t.acre.h/100acre.ft.tonf.in) is multiplied by 0.1317 for conversion into the international unit (th.MJ *.mm™) [3].
The soil data concerning the area studied are extracted from HWSD database and processed in ArcGis to derive the sad
erodibilty map. Dominant soil type is loam with organic matter content varying from 1.088% to 3.38%. In this study, the
soils are considered of moderately coarse texture and moderate permeability. The value 3 is therefore attributed to S and P
in Eq.(4).

Slope length impact (L -factor)

Wischmeier and Smith (1978) considered the L-factor as a function of slope length as shown in Eq.(6) [1]:

b= O
Where /' is the slope length and 7 is the slope exponent that varies between 0.2 and 0.5 for slope values between 0 and
5% and then remains invariant for slopes greater than 5%. However, the revision provided by the algorithm of McCool et
al. (1987) considers that slope exponent varies according to the ratio of the rill and inter -rill erosion (A [4]. The expression
is shown in Eq.(7) [32-34,35,36].

(9
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The calculation of the L-factor is done by the use of the formula proposed by Desmet and Govers (1996) and expressed as
follows, Eq.(8) [5]:

0 — (®

Where Ain (m?) represents the contributing area at the inlet of the grid cell with coordinates (ij), Dis the grid cell size in
(m), x corresponds to the outflow direction for the grid cell and m is the slope length exponent.

SRTM1 satellite images are used to extract elevation data for the Argana basin as principal inputs to derive slope and flow
accumulation maps, necessary to assess RUSLE. and S factors. The "Raster calculator" available in ArcGis environment
was helpful to derive L map based on flow accumulation, with six grids (18 0 m) as the upper bound on the slope length,

and slope steepness[29-37]. The used expression is asfollows Eq.(9):

h h
h 8

(9)
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Slope angle impact (S -factor)

The equations Eq.(10) and Eq.(11) are used to calculate the S-factor as proposed by McCool et al. (1987) [4]. The revised
S-factor takes in the account the conditions of slope less and upper than 5.5 degrees [36-38].
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The assessment of Sfactor is performed by the use of "Raster calculator" tool and the following expression Eq.(11):

6e¢DATaén@pxtudBihp @ OETaénpyxTudichp @ OElTaéni@pyxt ud (11)

The topographic factor related to the slope shape is the result of slope length -slope angle interaction and has an effect on
the magnitude of erosion [39]. Therefore, the effect of the slope length L and slope angle S are presented together as
shown in Eq.(12):

0YO0 Y (12)
Cover and management practice impact (C -factor)

The C-factor measures the combined effect of all the interrelated cover and management variables [1]. It is basically
related to the nature and the density of the vegetation cover. Therefore, the value 1 is attributed to bare lands without
protection and 0 to completely covered soils. The mostly used indicator of vegetation density is the Normalized Difference
Vegetation Index NDVI that can be derived from the satellite images processing [40]. Van Der Knijff et al. (1999) proposed
a scaling approach to calculate the C-factor as expressed in Eq.(13) [41] .

6 Q T T K

Where Uand & are dimensiounless parameters that determine the shape of the curve relating to NDVI and C-factor. In this
study, the selected values (U=2and & ¥ptovided good results in previous works [6-16-37-41,42 43].

ASTER images are used to assess the @actor. Digital numbers (DN) of ASTER bands are converted to radiance then to
reflectance values according to the ASTER users handbook instructions[44] . Reflectance raster datasets from band2 and
band3, corresponding to red and near infrared bands respectively for ASTER radiometer, are integrated to calculate the
NDVI and C-factor values as shown in Eq.(13).

Support practice impact (P~ -factor)

The P-factor is defined as the ratio of soil loss with a specific support practice to the corresponding loss with up -and-down-
slope culture [1]. Practically, the field data enabled the mapping of agricultural lands and others. The SRTM1-derived
elevation dataset was used to derive the slope percent, then P-factor values were attributed to agricultural lands according
to the slope gradient as shown in table 1. All other lands were assigned a P-factor value of 1.
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Table 1. P-factor values suggested by Wischmeier and Smith (1978) [1].

Land -use type Slope (%) P-factor
Slope <5 0.10
5-10 0.12
. 10- 20 0.14
Agricultural lands 20 - 30 019
30-50 0.25
Slope > 50 0.33
Others All 1.00

3. RESULTS

The integrated remote sensing and GIS techniques were helpful to follow the spatial distribution of RUSLE factors that
control the soil erosion. The principal findings of this research are presented in figures 2 and 3.
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Figure 2 : Spatial distribution of RUSLE factors assessed in the Argana basin.R-factor (a), K-factor
(b), LS-factors (c), C-factor (d) and P-factor (e).

Rainfallrunoff impact (fig. 2a) shows values varying from 412 to 1264 (MJ.mm.ha ‘.h™.year™). Elevated lands, receiving
mean annual rainfall up to 820mm, are highly exposed to rainfall-runoff erosion. They are situated in the eastern part of
the basin. Soil erodibility is an important factor influencing the soil erosion. It corresponds to the K -factor that varies from
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0.017 to 0.0346 (t.h.MJ*.mm™) in the Argana basin (fig. 2b). High values imply areas of high risk of erosion. This is the
case of lands characterized by low contents of organic matter and clay particles. Figure 2c shows the spatial distribution of
LS factors together, reflecting thus the imp act of the slope shape. The values range from 0.03 to 16.73 and high values
corresponding to high erosion risk are occurring in hilly areas. The C-factor assessment is based on the distribution of
vegetation density. Figure 2d shows that C-factor values range from 0.0277 to 1.42 where high values imply the existence
of degraded vegetation cover or bare soils exposed to the erosion. The support practice impact is insignificant in the
Argana basin. Indeed the surface of agricultural lands represents only 1.42% of the area studied. The observed
conservation measures mainly consist in contour plowing and terracing. The P-factor varies in these lands according to the
slope steepness described in table 1 (fig. 2e). The main surface of the basin, close to 98.52% of the global area, has the P-
factor value equal to 1.

The combination of the six RUSLE factors enabled the construction of the soil loss risk map (fig. 3) for the Argana basin.
The area studied is subdivided into six severity categories according to the annual mean soil erosion rates as shown in
table 2. Figure 3 shows that severe and very severe risk is mainly observed east of the basin, while low to moderate risk
is mapped in the center of the area studied.
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Figure 3 : Distribution of the Soil Loss Risk assessed according the
RUSLE model in the Argana basin.

Table 2: Annual soil erosion rates and severity distribution in the Argana basin.

Soil Loss (t/halyear) Severity classes Areain (Km 2) Percent of global area
<12 Low 51.58 03.95
12- 25 Moderate 173.24 13.27
25 - 50 High 357.77 27.42
50 - 80 Very high 370.21 28.37
80 - 125 Severe 269.70 20.67
> 125 Very severe 82.50 06.32

The findings were verified by the field observation that confirmed the occurrence of deep erosion in zones of high to very
severe risk of soil loss as it can be seen in figure 4. Figure 4a shows severe erosion affecting bare lands, while erosion in
zones with degraded vegetation cover is revealed linked to steep slopes and stream network occurrence as shown in
figure 4b. Deep erosion equally affects lands close to the Abdelmoumene dam and produces significant quantities of
sediments that threaten the storage capacity of the dam (fig. 4c). Contrarily, reduced erosion is observed on gentle
slopes at the center of the basin w here the risk is revealed moderate to low (fig. 4d) and in zones protected by entropic
practice such as terracing (fig. 4e) and contouring (fig. 4f).
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Figure 4 : Feld observation showing deep erosion affecting bare lands (a)
and gully erosion on steep slopes with degraded vegetation cover (b), soil
erosion by concentrated flow observed close to the water body of
Abdelmoumene dam (c), reduced erosion in lands with moderate to low risk
at the center of the basin (d) and protection practice including terra cing (e)
and contouring (f) as principal anti -erosion measures used in the area.

4. DISCUSSION

The soil loss risk depending on the interaction of natural and anthropologic factors, that vary in time and space, is
assessed for the Argana basin by using the RUSLE model. The lands situated east of the Argana basin are of severe to
very severe risk that is mainly controlled by the rainfall -runoff action. The soil erosion risk is linked to the steeper slopes
occurrence in the western part of the area studied. While the soil texture as well as the organic matter amount are
mainly controlling the soil erodibility and soil loss erosion at the center of the basin. The annual mean of soil loss ranges
from 0.036 to 270.572 (t/halyear). Lands of low to moderate risk r epresent 17.23% , while those of high to very high
and severe to very severe risk constitute 55.78% and 26.99% respectively.

The findings relating to erosion in the Argana basin reveal an alarming situation, taking into account the large areas
running a high to very severe risk of soil loss. The confirmation of threats by the erosion indicators trough the field
observation demonstrates that the risk is real. Indeed, the erosion of the soil leads to the mother -rocks exposure and
thus to the soil poverty. In addition, the exposed roots of Argan trees imply severe erosion threatening this plant species,
forming the focus of socio-economic activities in the region. The situation of the Abdelmoumene dam downstream of the
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