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Abstract: Prolonged water erosion leads to severe soil degradation, with highly visible
scars. Consequently, the quantitative and descriptive estimation by mapping
of the phenomenon has become the main objective of a great deal of research.
It is this perspective that this study takes, based on the Revised Universal Soil
Losses Equation (RUSLE) for a relatively accurate estimate, by integrating Arc-
GIS tools and remote sensing using high spatial resolution (10 m) image from
the Sentinel-2A satellite. The model uses data on precipitation, soil, topography
and vegetation cover management. The methodological approach taken imple-
ments this model in order to optimize its use by the various potential users
in their planning and decision-making studies. An application was carried out
in the Oued Isser watershed (Tlemcen, Algeria). Soil loss maps were produced
and the results indicate a high variation in soil losses in the study area and show
that the highest values are concentrated on steep slopes, hence the great influ-
ence of the topographic parameter relative to other factors in the model.
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1. Introduction

The harmful consequences of water erosion, on soil loss and degradation, on
agricultural production, on water quality and quantity, on hydrological systems
and the environment, have been recognized for a long time as serious problems for
sustainable development. As a result, the descriptive and especially quantified eval-
uation of water erosion has become urgent [1]. Estimation of water erosion and soil
losses is often difficult due to the complex interaction of its many factors:

— climate,

— soil,

- vegetation cover,

- topography,

— human activities.

Research has been devoted to the phenomenon in question for a long time. Thus,
many empirical models, of soil losses estimation due to water erosion, have been
developed [2, 3]. The Universal Soil Loss Equation (USLE) and later the Revised
USLE (RUSLE) were the most used models for predicting water erosion soil losses [4-15].

Initially, the USLE model was developed to estimate soil erosion of cultivated
land on a soft sloping topography [2]. This model has undergone numerous revi-
sions and modifications to become RUSLE; its application was then expanded to
different scales and situations, including forests and rangelands. The input param-
eters of the model were generally estimated or calculated using field measurements
at a parcel scale. Soil loss quantification methods based on the erosion plots have
many limitations, in particular the representativeness and reliability of the obtained
results. This is why mapping soil erosion at large scales over large areas is often
more difficult using these standard methods. Thus, a geomatics approach using spa-
tial tools such as geographic information systems (GIS) and remote sensing makes
the quantification and spatial distribution mapping of soil loss easier, with better
accuracy and rational costs, particularly when applied over large areas [16]. This ap-
proach provides the opportunity to estimate the potential and actual loss of soils due
to water erosion at the cell (or pixel) scale. In geomatic terms, GIS offers tremendous
potential for managing geographic information; while remote sensing constitutes
an inexhaustible source of information, as well as a frequently updated database.

In this study, high spatial resolution (10 m) remote sensing image from
the Sentinel-2A satellite was used to highlight and map land use activities and veg-
etation cover in the study area. The ArcGIS tool was used to capture, manage, cal-
culate, analyse and output all model data and parameters in the form of maps or
attribute tables.

This article aims to supplement the field of water erosion with new advances
in the management of geographical information. In this case, the RUSLE model im-
plementation and its application at the level of the watershed of the Oued Isser area
in western Algeria.
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2. Materials and Methods

2.1. Study Area

The study area (Fig. 1) concerns the Oued Isser watershed in the sector of Ain
Nehala, about 40 km from the city of Tlemcen in North-West Algeria with a total
area of around 2300 ha. The choice of the area mentioned was dictated by the ero-
sive nature of this region and the availability of input data from the RUSLE model,

in particular its soil and land use data.
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Fig. 1. The study area
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The region’s climate is of the Mediterranean type, dominated by extended sum-
mer droughts and often accompanied by high daytime temperatures. These temper-
atures play an important role in the humectation and desiccation cycle of soil aggre-
gates. The region is characterized by an average annual temperature of 18.7°C. The
wet period is marked by violent and stormy showers during the summer and au-
tumn seasons. In spring and winter, rainfall is infrequent but of long duration, which
causes considerable damage. Note that the prolonged, low-intensity rains that fall
in winter on saturated soils over large areas with little cover cause the highest peak
flows in gullies and wadis [17]. The average annual rainfall in the basin recorded
during the last 25 years (1994-2019) is around 445 mm/year. The altimetry of the area
varies between 411 and 724 m above sea level and the mean elevation around 550 m.

2.2. Description of the Model Used

The RUSLE model given by Formula (1) represents how climate, soil, topogra-
phy and land use affect water erosion, which is initially caused by the impact of rain-
drops (splash effect) and then by surface runoff [3]. Currently, the RUSLE model is
the subject of a large amount of research, the main objective being the estimation
of soil losses and soil water erosion risk [5-7, 12, 14]. The potential user will be as-
sisted in the establishment and development of conservation plans for controlling
the phenomenon. The RUSLE model is formulated as follows:

A=R-K-LS-C-P 1)

where: A is the average annual soil losses [t/(ha-year)], R is the rainfall-runoff ero-
sivity factor [MJ-mm/(ha-year-h)], K is the soil erodibility factor [t-h/(M]-mm)], LS is
the topographic factor, C is the land cover and management factor and P is the cul-
tural and anti-erosion practices factor.

2.3. Exogenous Data

The application of the model expressed by the Formula (1) requires the combi-
nation of multiple parameters. Thus, several data sets were collected and organized
as input data for the model in order to produce the required geographical informa-
tion layers.

To determine the rainfall and runoff erosivity index (R), precipitation data from
six meteorological stations recorded over a 25-year period (1994-2019) were inte-
grated. The soil erodibility factor (K) was generated from the soil map of the study
area and the different soil unit analyses [18]. Water erosion also depends on the mor-
phometric parameter (LS), the calculation of which requires the use of a digital el-
evation model (DEM), available in raster format with an initial spatial resolution
of 10 m (Fig. 1). Land use and vegetation cover factor (C) maps were obtained from
the processing and analysis of a high spatial resolution image (10 m) from the Euro-
pean Sentinel-2A satellite acquired on 7 July 2019.
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3. Methodology

3.1. R Factor

Erosivity reflects the potential of rainfall to cause the water erosion of soils. To
estimate this index, the model (2) of Rango and Arnoldus [12] was applied, using
data from six meteorological stations covering the study area. The rainfall data col-
lected correspond to a period of 25 years (1994-2019):

log R=1.74-log X (P?/P) +1.29 (2)

where P, is the monthly rainfall and P is the annual rainfall [mm].

The erosivity factor R for each weather station was calculated by kriging inter-
polation using the ArcGIS software to derive the following map (Fig. 2).
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Fig. 2. The R factor map

3.2. K Factor

Some soils erode more easily than others, although all other “external” factors
are the same. This difference is due to the properties of the soil itself, recognised
as its erodibility K. It is the relative aptitude or resistance of soils to water erosion
processes.
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Soil surveys carried out in the study area [18] showed the presence of ten
soil units (Tab. 1), regrouped into three main categories: calcimagnesic, isohumic
and poorly developed soils (Fig. 3). All of these soil units have a slow to average
permeability at the surface, which decreases with depth.

Table 1. The different soil units of the study area

Unit | Description (according to U.S. Department of Agriculture)

1 | Lithic xerochrept thermic fine silt

Typic calcixerolic xerochrept thermic clayey

Vertic calcixerolic xerochrept thermic clayey

Typic xerochent thermic clayey

Calcixerolic xerochrept thermic fine loamy

Vertic xerochrept thermic clayey

Typic calcixerolic xerochrept thermic fine silty

Vertic xerochrept thermic clayey
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Fig. 3. The soil units of the study area
Source: [18]
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The K-index was calculated for each soil unit using Formula (3). It is a mathe-
matical model based on the Wischmeier empirical nomograph [2] and requires data
on granulometry, organic matter content, structure and permeability of the different
soil types:

K=1/100-[21-M-10*- (12 -MO) +3.25- (P -2)+ 2.5+ (5 - 3)] 3)
where: M = (% fine sand + % silt) - (100 — % clay), OM is organic matter percentage,
P — soil permeability code and S — soil structure code.

The result (Fig. 4) shows the variability of the erodibility coefficient (K), which
ranges from 0.20 for soils with high structural stability to 0.55 for soils that are rela-
tively rich in fine elements and therefore easily erodible.
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Fig. 4. The K factor map

3.3. LS Factor
This parameter highlights the topomorphology of the study area, by combining
the effect of the slope degree and its length by Equation (4):
LS =(L/22.15)" - (65.41 - sin S* +4.56 - sin S + 0.065) 4)

where: Lis the slopelength, Sis the slope expressed in degrees and m is the slope length
exponent variating according to slope S; m = 0.5 if the slope > 5%, m = 0.4 for slope be-
tween 3.5 and 5%, m = 0.3 for slope between 1 and 3.5% and m = 0.2 if the slope <1%.
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The extraction of the top morphological parameters required the use of a DEM
in the form of a raster image (Fig. 1). The DEM used was georeferenced and pre-
-processed using ArcGIS modules in order to correct any imperfections such as alti-
metric discontinuities.

The GIS permitted the calculation of the slope (S) and its length (L), based on
determining the flow direction of each cell (pixel), then measuring the longest climb
distance along the flow path from each cell to the water split line. By introducing
the necessary input data for estimating the dimensionless LS factor, Formula (4) was
applied to establish the topomorphological effect map (Fig. 5).
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Fig. 5. The LS factor map

The results obtained show that the values of this parameter are coherent with
the field reality. It has been observed that the greater values are concentrated
at the level of the most accentuated slopes; while the lowest values are located at
the ridge lines and streams.

3.4. C Factor

The vegetation cover designated by parameter C is an important factor in soil
protection from water erosion. It should be noted that where the vegetation cover is
denser, the less the soil is exposed to this phenomenon. This is a determining param-
eter for the Wischmeier erosion model because it is more dynamic.
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This parameter is decisive in the protection and sustainable development
of the environment against the water erosion, knowing that biological protection
methods of soil remain the most effective and economical solution for the medium
and long terms periods. Therefore, the precise determination and updating of this
parameter is necessary to ensure the proper monitoring of the water erosion process.

The study area is an agricultural region characterized principally by seasonal
agricultural practices. This type of land use is often threatened by water erosion.
For this purpose, the availability of land cover map constitutes a key element to get
the idea about the type of land-use in the study area. Land cover mapping was per-
formed using the Sentinel-2A image data. This image was processed through a su-
pervised classification method using field representative samples. This operation
permitted the identification of the different land use classes in the study area (Fig. 6).
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Fig. 6. The land use map

The map produced shows three major classes including cereal growing areas
(cereal farming), areas placed in rest to be cultivated next season (rest lands) and fi-
nally unproductive and abandoned lands (fallows). Another non-significant class
of the road network is present on the map, since the study area is traversed from east
to west by the A1 motorway.

Statistics show that cereal farming and rest lands occupy around 90% of the to-
tal area. The remaining 10% represents unproductive and rugged land. This means
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that the investigated area is of an agricultural character, hence water erosion (splash
and run-off) causes soil loss problems during the autumn and summer rainfalls.

Usually, the C factor is derived from empirical work based on the monitoring
of a multitude of variables related to vegetation cover and collected on sample plots.
The values of factor C at the unsampled locations are estimated using spatial in-
terpolation techniques. This classical approach is time intensive and requires a lot
of data which are often unavailable [14].

Many mathematical models have been developed [12, 19, 20], which all have
in common the ability to express the correlation that exist between the NDVI (Nor-
malized Difference Vegetation Index) and the vegetation cover (factor C). In this
work, we opted for the model given by Equation (5) [19] where the relationship be-
tween the NDVI index and C factor is written as follows:

C=exp [-2 - NDVI/(1 - NDVI)] (5)
with NDVI = (PIR - R)/(PIR + R), where PIR and R are respectively the near infra-red
and red channels.

The ratio between the red and infrared bands of the pre-processed Sentinel-2A
image produced the vegetation index map using ArcGIS tool. This map highlights
the chlorophyll activity of the vegetation cover in the study area (Fig. 7).
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Fig. 7. The NDVI index map
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The low values displayed in a brown to yellow colour reveal poor or no veg-
etation activities, i.e., soils are vegetation clear or completely bare soil. However,
the green values reflect the existence of vegetation cover such as orchards, scrub-
lands and small forest reforestations. The resulting NDVI map shows the presence
of weak vegetation cover in most of the study area at this period of the year. This
suggests the high vulnerability of soils to water erosion in this region.

The estimation of the parameter C related to the vegetation cover expressed by
Equation (5) was performed using ArcGIS, giving values ranging from a minimum
of 0.16 to a maximum of 1 (Fig. 8). The high values represent non-vegetated soils (rest-
ing, bare soils), while the low values indicate the presence of vegetation. The highest val-
ues, close to 1, correspond to the “asphalt” class of the motorway A1l crossing the area.
This proves a certain coherence to the reality on the ground surface and therefore the ef-
fectiveness of the model adopted. The C index statistics give a mean of 0.83 and a stand-
ard deviation of 0.06. Thus, most of the measured values of this parameter are concen-
trated around the given mean, i.e. close to 1, which proves the vulnerability of the area
studied to water erosion in summer, when most soils are almost devoid of vegetation.
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Fig. 8. The C factor map

The C index statistics give a mean of 0.83 and a standard deviation of 0.06. Thus,
most of the measured values of this parameter are concentrated around the given
mean, i.e. close to 1, which proves the vulnerability of the area studied to water ero-
sion in summer, when most soils are almost devoid of vegetation.
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3.5. P Factor

The P factor characterizes the effect of anti-erosion cultural practices. These pro-
tection methods are absent across the study area. Consequently, P is considered to
be constant (P =1) [9, 11, 14].

4. Results and Discussions

By determining the input parameters of the model (1) in the form of geograph-
ical information layers, their overlay using the ArcGIS tool enabled the application
of the RUSLE model and the production of a set of synthetical maps corresponding
to the erosive potential and soil losses.

4.1. Erosive Potential Map

The erosive potential map (Fig. 9) was produced by combining the static physi-
cal parameters of the model used, i.e. R, K and LS.
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Fig. 9. The erosive potential map

Indeed, the soil is therefore assumed to be bare, with no vegetation (C = 1). The
map of erosive potential characterizes the real risk to which the soil is exposed inde-
pendent of vegetation cover, and the cultural and anti-erosion practices that are as-
sumed to be “dynamical”. In this case, the given statistics provide a potential annual
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average nearly 75 t/(ha-year). Such a map can be useful for field experts and/or plan-
ners in carrying out vulnerability analyses of the study area and in their decision-
-making studies.

4.2. Soil Loss Map

The result below (Fig. 10) represents the soil loss map of the study area obtained
by combining all of the geographical information layers related to the erosive factors
listed in this research.
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Fig. 10. The soil loss map

According to this map, the average annual soil loss is about 62 t/(ha-year). This is
more than 17% less than the average erosive potential, which reflects the importance
of vegetation cover in protecting soils against water erosion. Soil losses in the study
area vary between 0 and 570 t/(ha-year) and their spatial distribution is much more
influenced by the topomorphological parameter. Thus, the greatest soil losses are
located in rugged areas with steep slopes.

5. Conclusion

In general, RUSLE is used to estimate average annual land losses. The use
of GIS and remote sensing has allowed the spatial distribution of quantities to be
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mapped, along with the water erosion risk. Four parameters derived from differ-
ent data sources, with different spatial formats, projections, quality and resolution,
such as climate, soil, DEM and remote sensing data, were used in the application
of the erosion model. Consequently, the use of GIS has facilitated the input, man-
agement, processing, and analysis of the different data and results. More attention
must be accorded to the assessment and pre-processing of the data prior to their use
in order to avoid possible errors in the estimation of soil losses.

Mapping soil erosion over a large area is difficult and above all the validation
of the results that is not always easy. This article focuses on the geomatic aspect for
estimating soil erosion at the level of the Oued Isser watershed. It is recommended
to compare this with similar studies that use different methodological approaches.

The study is based on the combination of the RUSLE model, GIS, and remote
sensing tools. All three tools together provide an efficient system for mapping
the spatial distribution of soil erosion risks over a large area. This work can be a use-
ful tool for the potential users, enabling them to properly manage and plan land
use activities. In particular, the establishment of a reliable and updated diagnosis
of water erosion remains a key element for the development of studies and decision-
-making.

The results of the study indicate a high variation in soil losses in the study area.
Their quantity and spatial distribution are influenced more by the topographic pa-
rameter than the other factors of the model.

The model using RUSLE has its limitations. indeed, it can only be applied to
average values over 20 years, nor does it apply to rainfall scale. It is therefore nec-
essary to have data over a long period of time, which is not always possible. In
the case of this study, rainfall data over 25 years were used. Initially, the data used to
establish that this model concerned small plots (100 m?) or small watersheds (a few
hectares). Attention must therefore be given to the problems of scale if larger areas
are considered. The interactions between the different parameters are not taken into
account, although many studies have shown that these interactions certainly exist.
Despite all these limitations, it must be recognised that this model reveals its practi-
cal usefulness in the field.

In the future, national and international collaboration is planned in order to
generalize and validate the application of this model, especially with regard to
the determination of its different parameters which must be refined for more accu-
rate results.
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