P§ N JOURNAL OF WATER AND LAND DEVELOPMENT

e-ISSN 2083-4535

POLSKA AKADEMIA NAUK

Polish Academy of Sciences (PAN)

www.czasopisma.pan.pl P N www.journals.pan.pl

N

.

Qs
< ITP-PIB

Institute of Technology and Life Sciences — National Research Institute (ITP - PIB)

JOURNAL OF WATER AND LAND DEVELOPMENT
DOL: 10.24425/jwld.2022.140383
2022, No. 52 (I-III): 133-144

Assessment of soil erosion using the GIS-based erosion potential

method in the Kebir Rhumel Watershed, Northeast Algeria

Amer Zeghmar"® @), Nadir Marouf” = (@, Elhadj Mokhtari?

Y University of Larbi-Ben-M'hidi, Faculty of Sciences and Applied Sciences, Department of Hydraulic,

Laboratory of Functional Ecology and Environment, Laboratory of Natural Resources and Management of Sensitive Environments,

PO Box 358, 04000 Oum El Bouaghi, Algeria
2 University Mohamed Boudiaf M'sila, Faculty of Technology, Department of Hydraulic, Algeria

RECEIVED 08.01.2021 REVIEWED 20.08.2021 ACCEPTED 10.09.2021

Abstract: Soil erosion is an important factor that should be considered when planning renewable natural resource
projects, effects of which can be measured by modelling techniques. Therefore, disintegration models determine soil
loss intensity and support soil conservation practices. This study estimates soil loss rates by water erosion using the
Erosion Potential Method (EPM) in the Kebir Rhumel Watershed located in Northeast Algeria. The area is north to
south sub-humid to semi-arid, receives irregular rainfall, and has steep slopes and low vegetation cover which makes it
very vulnerable to erosion. The main factors in the EPM (soil erodibility, soil protection, slope, temperature, and
rainfall) were evaluated using the Geographical Information System (GIS) and data provided by remote sensing
technologies. The erosion intensity coefficient Z was 0.60, which indicates medium erosion intensity. While the results
showed the average annual soil erosion of 17.92 Mg-ha 'y, maximum and minimum losses are 190.50 Mgha™'.y™*
and 0.21 Mgha .y}, respectively. The EPM model shows satisfactory results compared to some studies done in the
basin, where the obtained results can be used for more appropriate management of land and water resources,
sustainable planning, and environmental protection.

Keywords: Erosion Potential Method, Geographic Information System (GIS), Kebir Rhumel, remote sensing, soil

erosion, water erosion

INTRODUCTION

Soil erosion is one of the most prevalent forms of land
degradation all over the world that causes many big environ-
mental and socio-economic problems [IGHODARO et al. 2013].
It has several impacts, such as land degradation, reduced water
quality, loss of the available storage capacity in water manage-
ment structures, river sedimentation, road damage, and reduced
agricultural productivity affecting sustainable development [Pa-
NAGOS et al. 2018; SHARDA et al. 2013; ZAKERINEJAD, MAERKER 2015].
Soil erosion by water is the process that separates particles in soil
due to precipitation or runoff and then transports them with
flowing water. It is followed by sedimentation in steep areas,
reservoirs, irrigation systems and waterways [CERDA, DOERR 2008;
ErrHIMIOU et al. 2016; Kunta 2009]. Soil erosion is mainly caused

by rain splash impact (separation), while rill and gully erosion are
caused by flowing water (separation, transport) [CHAAOUAN et al.
2013; ErrHiMiou et al. 2017; HaaN et al. 1994].

In the North of Algeria, soil erosion by water may lead to
land degradation affecting several natural factors, such as climate,
terrain, vegetation cover and soil quality. These are followed by
human factors, such as expansion of agricultural land, deforesta-
tion, overgrazing, and urbanisation, overexploitation of fire wood,
poor management, and improper conservation practices. All these
factors constitute a major constraint to the development of
agriculture and water resources management, and they increase
the severity of soil erosion in the area [ABu HammaDp 2011;
Mazour, Roose 2002; Meppi, Toumr 2015; SanLr et al. 2019].
According to the Ministry of Agriculture and Rural Development,
50 mln ha of land are threatened by water erosion. This
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represents more than 20% of the total area of the country, which
is around 238 mln ha. Threatened areas are distributed over
14 mln ha of mountainous space in the north (affected by water
erosion). As much as 80% of cultivated land exists in the most
sensitive areas [BOUGUERRA et al. 2017; BouHADEB et al. 2018;
MazoURr, Roost 2002; MEGHRAOUI et al. 2017; MOSTEPHAOUI et al.
2013].

Many scientists and researchers seek to provide soil erosion
models that are compatible with field data and those provided by
remote sensing techniques by using geographic information
systems (GIS) [FERNANDEZ et al. 2003; Gitas et al. 2009; NEARING
et al. 2005; TANG et al. 2015]. Several soil erosion models exist
which can analyse, predict soil erosion, and identify vulnerable
soil erosion areas. Among them is the Erosion Potential Method
(EPM) developed by Gavrilovi¢ in watersheds of the Morava
River in Serbia in 1962 [ErrHIMIOU et al. 2017]. It seems to be one
of major soil erosion models suitable for a large watershed and
mountainous terrain [GLOBEVNIK et al. 2003].

The Erosion Potential Method (EPM) is an empirical semi-
quantitative method that can estimate the average annual volume
of soil detached by water and sedimentation volume, as well as
determine spatial distribution of soil erosion intensity [Dracl-
CEVIC et al. 2017]. The EPM combines water erosion factors based
on precipitation, temperature, soil erodibility, soil protection,
types of erosion, and slopes [SAKUNO et al. 2020; SOLAIMANI ef al.
2009]. The utilisation of the Gavrilovi¢ model requires mapping
and combination of different parameters that are essential for the
integration of the EPM model and the Geographic Information
System (GIS) [ZauNouN et al. 2019]. The EPM model has been
applied in many countries and has provided reliable results to
qualify the severity of soil erosion, estimate average annual soil
loss by water and sedimentation quantity, was well as to
implement runoff regulation and erosion control measures
[EFtHIMIOU et al. 2016].

The objective of the present study is to provide mapping of
soil erosion for the Kebir Rhumel Watershed by applying the
EPM. The study uses the Geographic Information System (GIS)
and data provided by remote sensing technologies. These are used
to map the most important factors that affect soil particle
separation and support quantitative and spatial estimation of soil
loss rates due to water erosion. This helps to define measures that
protect water resources and support land management.

STUDY AREA

The Kebir Rhumel Watershed is located in the North-East of
Algeria (Fig. 1). It borders the Mediterranean Sea in the north,
Constantine and Oum El Bouaghi in the east, Batna in the south,
and Setif in the west. The site is situated between 5°40" and 6°40'
E longitude and between 35°50' and 36°40' N latitude with
a surface geographical area of 8843 km>. It is considered to be one
of the most important watersheds in the country, as it contains
the largest dam in Algeria with the capacity of nearly 1-10° m>.
The Kebir Rhumel Watershed is subdivided into two
distinct parts, the western part, called by the Wadi Enndja basin,
and the eastern part, called Wadi Rhumel. The Wadi Enndja
Basin is located in the western part of the Kebir Rhumel
Watershed. It has a surface area of 3454.85 km® and is
characterised by a mountainous topography and relatively high
precipitation (about 681.33 mm-y"). In this basin, the average
elevation is 819.50 m, while the minimum and the maximum
elevations are 114 and 1659 m. The Wadi Rhumel Basin extends
from south to northeast. It is characterised by a softer topography
and moderate precipitation (about 600 mm-y™"). The surface area
of this basin is 4062.42 km?, the average elevation is 775.27 m,
while the minimum and maximum elevations are 127 and
1722 m. Wadi El Kebir is the result of the confluence of two
Wadis (Wadi Enndja and Wadi Rhumel) [Marour, Remint 2011].
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Fig. 1. Location of the Kebir Rhumel Watershed; source: own elaboration
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The study area is characterised by a Mediterranean climate
responsible for mild rainy winter and hot dry summer. Climate
changes from semi-humid in the north to semi-arid in the south
and diverse water resources are of different origins, i.e. rain, hail,
and snow. In general, snow appears high up in the mountains.
Thus, rainfall is the main factor that governs the flow of rivers
and it has a direct effect on the flow. The annual average rainfall
in the Kebir Rhumel Watershed is estimated between 638 and
738 mm. The rainfall is relatively abundant in the North, whereas
it goes down dramatically as we move southward. The average
annual temperature is 21.24°C, while the maximum and
minimum temperatures are 31.3 and 12.15°C.

The Kebir Rhumel Watershed is characterised by a moun-
tainous topography with steeper slopes concentrated mainly in its
northern part. The average elevation is 745.12 m, while the
minimum and maximum elevations are 0 and 1723 m (Fig. 1).
The mean slope is 15.66%, where the very high slopes (exceeding
30%) occupy 14.55% of the total area concentrated mainly in the
northwest part. The basin is characterised by an agricultural
activity, e.g. wheat, barley, and fodder crops. The northern part is
covered by oak and cork tree forests, while vegetation decreases in
the southern part. This relatively low vegetation has affected the
soil erosion phenomenon.

MATERIALS AND METHODOLOGY
MATERIALS
Erosion factors are estimated from data about soil, vegetation,
climate, and topography available at websites. Data are shown in

Table 1.

Table 1. Available datasets

EPM
factor

Resolution/

Data
scale

Source

National Agency for
Hydraulic Resources
(Fr. Agence Nationale P,
des Ressources Hy-

drauliques - ANRH)

Precipitation data -

https://earthexplorer.

SRTM (DEM) 30 m Ja
usgs.gov/

ISRIC_WorldSoil I

Grids 250 m  |https://soilgrids.org Y

LANDSAT 8 OLI https://earthexplorer.

LANDSAT 5 TM | ™ |usgs.gov/ Xa-T-¢

Explanations: P, = average annual precipitation (mm-y ™), J, = slope index
(%), Y = soil erodibility coefficient (-), X, = soil protection coefficient
against influences related to atmospheric phenomena, T = temperature
coefficient (-), ¢ = existing erosion indicator (-).

Source: own elaboration.

METHODS

The EPM (Erosion Potential Method) estimates the average soil
loss (m3~km’2-y’l), and as a model it was developed by Gavrilovi¢
in watersheds of the Morava River, Serbia, in 1962 [ErrHIMIOU
et al. 2017]. The general methodology is based on six topical

layers representing EPM factors, such as precipitation and
temperature, soil erodibility, soil protection, existing erosion
indicator and slopes, from climatic data, and remote sensing data.
These are integrated into the EPM equation (Eq. 1) using a raster
calculator available in ArcGIS 10.2:

W =TP,nVZ3F (1)

where: W = average annual soil erosion (m>km™2y™"), T = tem-
perature coefficient, calculated by (Eq. 2).

_[To
T=\f1o+01 @)

T, = average annual temperature (°C), P, = average annual
precipitation (mm-y™'), m = mathematical constant equal to
3.14159 (=), Z = erosion intensity coefficient (-), F = watershed
surface area (km?).

The erosion intensity coefficient (Z) is calculated by (Eq. 3).

Z=XY o+, ) (3)

where: X, = soil protection coefficient against influences related
to atmospheric phenomena (-); Y = coefficient of soil erodibility
(-); ¢ = existing erosion indicator that expresses the type of
evolution of visible erosion processes in the watershed (-);
J. = slope index (%).

In order to estimate the total quantity (mass) of eroded
sediments G (Mg-km™y™") according to the steps outlined in the
following organisation chart (Fig. 2), we use Equation (4):

G=W-p (4)
where: G = average annual soil erosion (Mg-km™2y™"), W = average
annual soil erosion (m*>km™y™"), p = density (Mg-m™>).

It is necessary to define the proportion of sediments that
reach the reservoir in order to compare them directly with
reservoir sediments. Most predictive water erosion models do not
consider the delivery, deposition, or the transportation of
sediments into water bodies. The EPM is innovative, since it
introduces a new sediment delivery coefficient form, namely the
retention coefficient DR, which estimates the amount of sediment
retained along the basin (sediment delivery, deposition or routing
within watercourse). The DR was calculated according to ZemLjic
[1971] using Equation (5):

B VOD (L + L;) =
PR TR °

where: F = watershed surface area (km?), O = perimeter (km),
L = major watercourse length (km), and L; = secondary length;
D = the average height distance of the catchment (km), it
is calculated according to GLOBEVNIK et al. [2003] using Equa-
tion (6):

D= Hr - Hmin = (Hmax - Hmin) - Hmin (6)
where: H, (m) is the difference between the maximum (H,,,,) and
the minimum (H,,;,) elevation. Specific Sediment Yield (SSY) is

calculated by (Eq. 7):
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SSY = DR-W (7)

This work was carried out according to steps outlined in the
following chart (Fig. 2).

PARAMETERISATION OF EPM MODEL FACTORS

Temperature coefficient (T)

Heat is an essential indicator while forming mechanical weath-
ering operations. It is important to determine its effect on
fragmentation, fracture and breakage of rock grains, especially
when daily thermal ranges increase, and role in the acceleration of
these processes. It is particularly important in dry regions, as
these have a clear impact on the moisture of rocks and sediments
that lead to the decomposition, oxidation, and hydration of rock
minerals [ABDULWAHAB, JasiM 2019].

Gavrilovi¢ sought to adopt temperature as an erosion factor
in the EPM model. The values of the temperature coefficient are
determined by a special formula (Eq. 2), which takes the annual
average temperature as the basic variable to compute the
coefficient (T). Satellite imagery was used to determine this
indicator because there is absence of accurate climatic data related
to temperature at meteorological stations in the Kebir Rhumel
Watershed. The temperature was derived by converting the
thermal range data from spectral radiation to the surface
temperature using thermal constants in a MLT file using Landsat
5 Thematic Mapper (TM) and Landsat 8 (OLI/TIRS).

LA _ Lma.x)\ mmA

Qeal —
Qcal max Qcal mm( “

Qcal min) + Lmin)\ (8)

where: L) = spectral radiance (W-m™ sr"l-pm_l), Qca1 = quantised
calibrated pixel value in Digital Number (DN), Lin> L = Spec-
tral radiance (W~m’2~sr’1opm’l) scaled t0 Qcal min and Qcal max
respectively, Qcal min> Qcal max = the minimum and maximum of
the quantised calibrated pixel value in DN, respectively.

Radiance values for Landsat 8 TIR can be retrieved from
Equation (9) [ZaNTER 2018].

Ly=MrQea+ AL 9)

where: M), = band-specific multiplicative rescaling factor from
metadata, Q. = quantised and calibrated standard product pixel
value in Digital Number (DN), A; = band-specific additive
rescaling factor from metadata.

After radiance conversion, T}, from L) was computed by
Equation (10).

K.
T, = K—2 (10)
1
where: T, = brightness temperature (K), K; (W-m s '.um™),

K, (K) = calibration constants for Landsat TM, ETM+ and TIRS
are shown in Table 2, L, = spectral radiance.
To convert Kelvins to Celsius degrees, we use Equation (11):

Soil erodibility i
coefficient (Y) |

Average slope |
coefficient (J.)

Coefficient of type
of erosion (¢p)

S ——— —

Soil protection
coefficient (X,)

Average annual \ Average annual
temperature (To) ‘ precipitation (Pa) J

erosion intensity coefficient () J

S

Average annual soil erosion (Mg-ha™ -y ™)

e Density p 4_|

Average annual soil erosion (m®.km 2.y ) J

Fig. 2. Organisation chart of the methodology adopted; source: own elaboration

Landsat 5 TM presents six reflective bands (visible, near-
infrared and short-wave infrared), with a native spatial resolution
of 30 m and one band in thermal infrared (TIR) region (band 6).
The spatial resolution for thermal infrared (band 6) is 120 m. The
Landsat 8 OLI includes nine spectral bands that have a native
spatial resolution of 30 m, except the panchromatic band (band 8)
at a spatial resolution of 15 m, while Landsat 8 TIRS sensor covers
two bands in the TIR region (band 10 and band 11), at a spatial
resolution of 100 m [SEKERTEKIN, BoNaFONT 2020].

In this method, the TIR band was used for brightness
temperature (T,) estimation from Landsat imagery according
to Plank’s equation. There DN values for thermal band of
Landsat 5 TM and 7 ETM+ can be directly converted into
spectral radiance values using Equation (8) [SEKERTEKIN, BONAFONI
2020]:

Table 2. Thermal band calibration constants for Landsat satellites

Satellite (W-m’2-1s<:'l-|un'1) K; (K)
Landsat 5 TM (band 6) 607.76 1 260.56
Landsat 7 ETM+ (band 6) 666.09 1282.71
Landsat 8 TIRS (band 10) 774.89 1 321.08
Landsat 8 TIRS (band 11) 480.89 1201.14

Explanations: K;, K, = Landsat TM, ETM+ and TIRS thermal band
calibration constants.
Source: own elaboration.

© 2022. The Authors. Published by Polish Academy of Sciences (PAN) and Institute of Technology and Life Sciences — National Research Institute (ITP — PIB).
This is an open access article under the CC BY-NC-ND license (https://creativecommons.org/licenses/by-nc-nd/3.0/)



www.czasopisma.pan.pl P N www.journals.pan.pl
=

POLSKA AKADEMIA NAUK

Amer Zeghmar, Nadir Marouf, Elhadj Mokhtari

137

°C =Tb - 273.15 (11)
The average annual temperature (°C) and the average annual
temperature factor (T) (Fig. 3) were calculated using Landsat
5 and 8 satellite imagery for six years (1993; 1995; 2001; 2011;
2014; 2018).

The result shows spatial changes of the temperature
coefficient, where we can notice an increasing gradient from
the north to the south of the basin. The highest values (1.71) were
registered in the southern basin which is characterised by scarcity
of vegetation, while the lowest values (1.06) were found in the
north of the basin with thick forests in mountainous areas.

agricultural work. Soil protection coefficient X, levels are varied
by land use from 0.05 (for dense forests) to 1 (for barren land)
[Sakuno et al. 2020; ZAauNOUN et al. 2019]. The NDVI was
calculated according to Equation (12) [RoUSEL et al. 1973; SAHLI
et al. 2019] based on Landsat satellite images:

NIR—-R

NDVI = ———
v NIR+ R

(12)

where: NIR, R = the spectral reflectances in the near-infrared and

red band, respectively.
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e [ 8 —— | G
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Fig. 3. Map of: a) annual average temperature (°C), b) annual average temperature coefficient T; source: own elaboration

Average annual precipitation (P,)

Rainfall is a significant factor in the generation of risks and forms
of erosion, as these depend primarily on the intensity of rain
[Nunes et al. 2011]. In this study, precipitation data used were
obtained from the National Agency for Hydraulic Resources
(Fr. Agence Nationale des Ressources Hydrauliques - ANRH)
based on data from 20 rainfall stations located in the watershed in
1950-1990. We relied on the inverse distance weighting (IDW)
interpolation method to extract a precipitation map (Fig. 4) for
the Kebir Rhumel Watershed [NEeHAi, GUETTOUCHE 2020].

Figure 4 shows the distribution of average annual precipita-
tion in the studied rainfall stations of the Kebir Rhumel Basin.
Spatial variations of P, show a growing gradient from the south to
the north (Fig. 4). The precipitation is intensive in the north
(more 803 mm), medium in the centre (between 412 and
678 mm), and it drops as we move southward (less than 412 mm).

Soil protection coefficient (X,)

The X, factor is among decisive factors in the EPM model. It is
directly related to the vegetation cover which plays a significant
part in reducing erosion. The X, factor can be based on
calculations of the Normalized Difference Vegetation Index
(NDVI). The surface quality varies depending on seasons and
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Fig. 4. Map of average annual precipitation (P,);
source: own elaboration
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NDVI values range from -1 to +1, where low values
correspond to the absence of vegetation, while high values
indicate dense vegetation [SaHLI et al. 2019]. NDVI estimation was
carried out based on a multitemporal analysis of Landsat (5 and
8) images. We calculated the annual average for six time periods
(1985, 1993, 2001, 2011, 2014 and 2018), shown in Figure 5.

5°37'0"E 6°14'0"E 6°51'0"E
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=S s
R 0 20 40 0 P 5
N ——n
=i Coordinate System: WGS 1984 World Mercator 51

5°3T0"E 6°140"E 6°51'0"E

Fig. 5. Map of average Normalized Difference Vegetation Index
(NDVI); source: own elaboration

The soil protection factor (X,) is dedicated to the vegetation
cover of any type. Vegetation helps to stabilise soil and protect it
from erosion, as it slows down the speed of flow and helps to
increase water infiltration in the soil. The X, value ranges from
0.05 for areas with dense vegetation to 1.0 for bare soil [Sakuno
et al. 2020]. To determine the X, coefficient, we followed the
methodology proposed by Zorn and Komac [2008], where X, was
estimated by the use of a modified NDVI (X, NDVI) [CHAAOUAN
et al. 2013], using equations shown in Table 3.

The soil protection coefficient (X,) was estimated according
to EPM guide (Tab. 4) [GavriLovic 1988].

Table 3. Equations for calculating the soil protection factor (X,)

Data peri.od used 7%, e
for extraction NDVI
1985 X, = -1.457 (NDVI - 0.686)
1993 X, = -1.461 (NDVI - 0.684)
2001 X, = -1.380 (NDVI - 0.724)
2011 X, = -1.089 (NDVI - 0.918)
2014 X, = -1.663 (NDVI - 0.601)
2018 X, = -1.799 (NDVI - 0.555)
Average NDVI X, = -1.632 (NDVI - 0.612)

Explanations: NDVI = Normalized Difference Vegetation Index.
Source: own elaboration.

Table 4. Soil protection coefficient values (X,) acc. to Erosion
Potential Method (EPM)

Coefficient of soil cover X, factor Area (%)

Mixed and dense forest and thin

) [0.05; 0.20] 0.257
forest with a grove
Coniferous forest with little grove,
scarce bushes, bushy prairie (0.20; 0.40] 5213
Damaged forest and bushes, pasture (0.40; 0.60] 15.898
Damaged pasture and cultivated land (0.60; 0.80] 55271
Areas without vegetal cover (0.80; 1.00] 23.357

Source: own elaboration.

The following image represents the average soil protection

coefficient (X,) in the study area (Fig. 6).
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Fig. 6. Map of average soil protection coefficient (X,);
source: own elaboration

The results (Tab. 4) indicate the land cover condition in the
Kebir Rhumel Watershed as shown in Figure 6. The category of
pastures and cultivated lands (0.6-0.8) represents the most
prevalent category in the watershed which accounts for 55.27% of
the total area due to the agricultural activity and tillage effects in
the region. It is followed by areas without vegetation cover (0.8—
1.0) occupying 23.35% of the surface area. The area is covered by
rocks and mountain peaks. In the category of damaged forest and
bushes, pasture (0.4-0.6), occupies 15.89% of the total area,
where overgrazing, deforestation, and forest fires contributed to
a lower surface vegetation cover in the Kebir Rhumel Watershed.
Finally, forest with little grove, scarce bushes, bushy prairie,
mixed and dense forest, and thin forest with a grove (0.05-0.4)
cover 5.47% of the total area. This is vivid in the north of the
watershed.
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Soil erodibility coefficient (Y) o= [TM3 and o — TM4 (15)
Soil erodibility is an important factor in the EPM model. It Qumax Qmax

represents the vulnerability of soil particles to separation and
transportation due to water splash and/or surface runoff [BEHERA
et al. 2020; Bou-IMAJJANE et al. 2020]. In this study, soil data were
provided via the Soil Grids map, which is developed and
preserved by the ISRIC-World Soil Information, while soil
erodibility (Y) factor (Fig. 7) was calculated using the model
developed by SHarpLEY and WirLiams (eds.) [1990] (Eq. 13).

SIL SIL  \"
Y= {0‘2 +0.3exp [0.02565AN<1 - ﬁ)} } <m>

0.25C 0.7SN1
10— 10— 1
[ 0 C+exp(3,72—2.95C)H 0 SN1+exp(—5.51+2.95SN1)] (13)

where SAN, SIL, CLA and C are sand, silt, clay percentages,
respectively, and also organic carbon content. SN1 is the
subtracted sand content of 1 and divided by 100 (Eq. 14).

SAN
SN1=1-—— 14
100 (14)
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Fig. 7. Map of soil erodibility coefficient; source: own elaboration

Existing erosion indicator (¢)

Coefficient ¢ indicates the grade of expressed erosion processes
in the watershed, where it specifies the areas affected by erosion
(streams, rivers, ravines, alluvial deposits or the entire
watershed), with its value ranging between 0.1 and 1.0 (Tab. 5,
Fig. 8) [ABDULWAHAB, Jasiv 2019; Gavrirovic 1988]. Data
for evaluating the existing erosion indicator (¢) were acquired
using the methodology proposed by Zorn and Komac [2008],
and the calculation of the factor was based on Landsat 5 and
8 satellite images. They contain an “MTL” file which provides
information on the images. The ¢ factor is calculated as follows
(Eq. 15):

where: TM3 = band 3 of Landsat image 5, Quax = radiance
maximum of band 3; TM4 = band 4 of Landsat image 8,
Qmax = radiance maximum of band 4.

Table 5. Type of soil erosion as a function of existing erosion
indicator (¢)

Coefficient of type and extent of erosion (%3
Little erosion on watershed <0.20
Erosion in waterways on 20-50% of the catchment (0.2; 0.4]
area
Erosion in rivers, gullies and alluvial deposits, karstic (0.4; 0.6]
erosion
50-80% of catchment area affected by surface erosion (0.6 0.8]
and landslides
Whole watershed affected by erosion (0.8; 1.0]

Source: own elaboration.
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Fig. 8. Map of existing erosion indicator (¢);
source: own elaboration

The 3rd band in the Landsat 5 satellite image calculated by
the following Equation:

m-Ly -d?
TM3 = ——"—— 16
FEsuny - cos 0, (16)
Lm XA T Lmin
LA = <#) ° (Qcal - Qcal min) + Lmin (17)
Qcal max Qcal min
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The maximum value of the radiance Q.x calculated by the
following Equation:

: (lma.x - lmin) + lmin : d2
ESUN,, - cos 0,

Qmax = il (18)

where: L, =
(W-m_2~sr_l-pm_l); Qca = quantised value of pixel calibrated in
Digital Number (DN); Qcy min = minimum quantified value of the
calibrated pixel corresponds to Ly (DN) = 15 Qcal max = Maximum
quantised value of the calibrated pixel (corresponds to L),
DN = 255; L., = spectral radiance at the sensor which is scaled
Qcal min (W~m_2-sr_1~pm_l); Linax = spectral radiance at the sensor
which is scaled Q. max (W-m_z-sr_l-pm_l); 1 = mathematical
constant equal to 3.14159; d = distance inter the Earth and Sun
(astronomical units); ESUN, = mean solar exoatmospheric spectral
irradiance (W-m™2um™); 6, = Sun zenith angle (degrees); §, = 90 -
sun elevation.

spectral radiance at the opening of the sensor

Slope index (J,, %)

The slope inclination derived from the topography is considered
as the major factor in increasing soil sensitivity under the
influence of rainfalls. The flow velocity increases with growing
slope and this affects an increase in sediment production and
transportation to the watershed [Roost 1994]. The coefficient was
extracted using the DEM (Digital Elevation Model). Slopes were
classified into five categories ranging from (0-10) to 40%
[ZAHNOUN et al. 2019], as shown in Figure 9.
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Fig. 9. Map of slope index (J,); source: own study

The distribution of slope classes (Fig. 9, Tab. 6) shows that
those in general very low to moderate (<30%) are dominant. They
represent more than 85.45% and occupy 7555.63 km” of the total
surface area. High to very high slopes represent 14.55% for classes
over 30% and are concentrated in the northern and eastern parts
of the watershed.

Table 6. Average slopes coefficient (J,,)

Classes of ], Area
(%) km* %
Very low <10 3608.33 40.81
Low (10; 20] 2524.52 28.55
Moderate (20; 30] 1422.78 16.09
High (30; 40] 704.95 7.97
Very high >40 582.29 6.58

Source: own elaboration.

To estimate the total amount of eroded sediments
(Mg-km™y') and to facilitate comparison between existin
g Y P g

results, we extracted the density map (Fig. 10) from the website

https://soilgrids.org.
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Fig. 10. The density (p) map; source: own elaboration

RESULTS AND DISCUSSION
EROSION INTENSITY COEFFICIENT (2)

The erosion intensity coefficient (Fig. 11) indicates the probability
and intensity of erosion, and it has the ability to track the severity
of erosion in the watershed. It depends on four factors that
control erosion development (soil erodibility, soil protection,
topography, and existing erosion indicator) but do not take into
account climate capabilities (P,, T) [AHMED et al. 2019; EFTHIMIOU
et al. 2016; KostapNov et al. 2008]. It can be calculated through
(Eq. 3).

Results obtained (Tab. 7) show that most of the erosion
intensity is occupied by the medium erosion class (0.4-0.7) which
covers about 4977.54 km? (56.60%) of the total area. It is followed
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Table 7. Classification of erosion intensity Z coefficient values
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Fig. 12. Map of average annual soil erosion (W); source: own study

by the severe erosion of 1961.83 km? (22.31%), then slight erosion
(14.02%), excessive erosion (5.94%), and a very slight erosion
class (1.11%).

AVERAGE ANNUAL SOIL EROSION (W)

After combining parameter Z with climatic factors (P, T)
according to Equation (1), we obtain the average annual volume
of detached soil (m>km™2y™"), as shown in Figure 12.

The combination of various factors according to Gavrilovi¢
model produced a map of spatial distribution of the soil loss esti-
mation by water erosion (Mg-km’z-y’l) according to Equation (4)
(as shown in Fig. 13). To compare the final results obtained, we
classified the severity of soil loss into five categories (Tab. 8, Fig. 14).

. . Area
Pm:::;;lc::::wn Classes of (Z) N
(km?) (%)
Very slight erosion <0.2 98.38 1.11
Slight erosion (0.2; 0.4] 1 232.80 14.02
Medium erosion (0.4; 0.7] 4 977.54 56.60
Severe erosion (0.7; 1.0] 1 961.83 22.31
Excessive erosion >1.0 523.14 5.94
Source: own study.
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Table 8. Annual soil loss in Kebir Rhumel watershed

) Classes of G Area
Annual soil loss Me-km 2.y
Mgkm =) 1 (am?) (%)
Very low erosion <500 435.95 4.93
Low erosion (500; 1 500] 4 106.68 46.44
Moderate erosion (1 5005 3 000] 2 996.89 33.89
High erosion (3 000; 4 500] 922.32 10.43
Very high erosion >4 500 380.25 4.30
Explanation: G = average annual soil erosion.
Source: own estudy.
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Fig. 14. Area classes of the soil loss of the Kebir Rhumel Watershed;
source: own study

Figure 14 represent the area classes of the soil loss in the
Kebir Rhumel Watershed.

In the study area, possible soil losses were divided into five
categories, i.e. very low, low, moderate, high and very high. This
enabled to visualise spatial distribution of erosion (Tab. 8,
Fig. 14). The results show an average annual soil loss of 1792
Mgkm >y equivalent to 17.92 Mg-ha™"y"'. Low erosion class
(500-1500) covers about 4106.68 km? where it covers 46.44% of
the total area. It is followed by the moderate erosion class (1500
3000) that covers 33.89% of the total area. These areas correspond
to low slopes, damaged pasture, and cultivated land, and it is
considered one of the most active agricultural areas in the basin.
The high erosion class (10.43%) and very low erosion class
(4.93%), is finally followed by a very high erosion class that covers
4.30% of the total area; these areas correspond to steep slopes,
rugged mountain terrain, and arid land.

DISCUSSION

The effective sediment volume transported to the catchment
outlet is determined by the retention equation (DR) (Eq. 7),
which provided results shown in Table 9. The DR was applied
to the average annual soil loss, which resulted in estimates
of sediment productivity at the catchment outlet (average yield
annual sediment). This estimates the amount of sediment
retained along the watershed. The specific sediment yield
(SSY) was obtained by the total soil loss multiplied by the DR
(Tab. 9).

Table 9. Specific sediment yield (SSY) by Erosion Potential
Method and SSY from the hydrometric stations in the watershed

e | SSTbyERM | B
Station (km?) (Mg.km_z_y_l) DR model station
(Mgkm2.y™")
El Ancer [8740.0| 179235 |0457| 819.10 848.39
Grarem |4 0727| 133946 |0533| 713.93 741.12
5 :teerrr;};z 3399.0| 224661 | 0448 | 100648 1 030.05

Explanations: G = average annual soil erosion, DR = retention coefficient.
Source: own study.

The results of this research were compared with other
studies conducted in the Kebir Rhumel Watershed to estimate soil
erosion by considering different measurements at the hydrometric
stations and bathymetric surveys in the Beni Haroun Dam, for
example MaroUF and Remint [2011] and TAMRABET et al. [2019].

According to the study by Marour and Remint [2011], the
annual transport of sediment yield at the El Ancer hydrometric
station is 850 Mg-km™2y™', while Grarem station recorded an
annual sediment yield of 741.12 Mgkm™y™'. The study
conducted by TAMRABET et al [2019] over a period of 30 years
in the Dehamecha Watershed recorded an annual sediment yield
of 1030.05 Mgkm™y™". The results show that the Dehamecha
Watershed is the most vulnerable to soil loss and this can be
explained by the presence of mountainous terrain and steep
slopes that contributed to an increased flow of sediments to the
basin's outlet.

According to the last bathymetric survey conducted by the
Marine Studies Laboratory (LEM) from 22 July to 23 September
2013, the annual siltation volume at the Beni Haroun Dam is
8.3 mln m> a drained surface area of 7472 km? [Toumr, REMINI
2018] with an average density of 1.4 Mgm™>, so the average
erosion is equal to 1555.14 Mg-km™y™'. At the level of the Beni
Haroun Watershed (7472 km?), the EPM model estimated the
average annual soil loss at 1760.78 Mgkm™y™', where these
results were very close to those of the bathymetric survey (2013).

The EPM model gave satisfactory results in estimating the
average soil erosion and annual average sediment productivity in
the watershed compared to the results recorded in the hydrometric
stations. The EPM is one of models efficient in estimating the
average soil erosion by water erosion, as many studies conducted
using the EPM model in many countries of the world have given
satisfactory results [EFtHIMIOU et al. 2017; 2016; LENSE et al. 2020].

CONCLUSIONS

The main objective of our study is to map the distribution of
areas susceptible to soil erosion and estimate the average annual
soil loss. The Erosion Potential Method (EPM) has been based on
available products and data from satellite images using the
environment of geographic information systems (GIS). This
model involves the integration of several different factors related
to climate annual precipitation (P,), temperature (T), soil
protection (X,), topographic features (slope J,), erodibility
factor (Y), and the degree of erosion (¢).
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The implementation of Gavrilovi¢’s EPM equation allowed
a quantitative estimation of soil losses. This work presents the
first erosion risk maps for the Kebir Rhumel Watershed. Results
obtained show that average soil losses by water erosion is 17.92
Mgha™'.y", with 80.33% of the total area is exposed to low and
moderate risks of erosion.

Terrain alterations along with high J, factor and rainfall
make these areas more susceptible to soil erosion. We can analyse
spatial distribution and expected magnitude of soil loss based on
areas that are most exposed to the soil loss risk and this helps to
implement appropriate protection measures and comprehensive
land management practices in the Kebir Rhumel Watershed.

Gavrilovi¢’s method is advantageous because it is fast and
effective in estimating soil losses due to water erosion. In
addition, the EPM can be applied when physical and climatic data
are scarce and in areas where soil erosion research has not been
previously implemented.
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