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The research aims to employ modern techniques to calculate the soil erosion by
estimating and calculating the data on which the (RUSLE) equation depends in the Al-
aubyth valley basin within the borders of Anbar Governorate for the period (2002-2022)
using modern techniques, as the study relied on the availability of climate, soil and
topography data, and by adopting the interpretation and analysis of the visuals of Satellite
(Landsat 9, 5). The study result showed an increase in the area of erosion occurring in
the soil of the study area 30.8045 km? between 2002-2022 in the all erosion degrees. The
reasons for the increase the erosion is attributed to the rise in temperature and lack of
vegetation cover, decrease the amount of the rain, increase in evaporation in addition
increase in the dust storms. As well as the increase in overgrazing operations and the
region’s influence on military operations, which led to an increase in disintegration of

the soil surface and increased exposure to both water and wind erosion.

1. INTRODUCTION

The amount of eroded soil is considered an important
environmental problem that affects all investments in arid and
semi-arid areas, as the main cause of erosion is the dryness of
the area, weak vegetation cover, and disintegration of the soil,
which exposes it to water transport during the precipitation
season and continuous wind transport most days of the year
[1]. Therefore, estimating it is crucial to understanding the

effects of this phenomenon on environmental sustainability [2].

To avoid risks, many mathematical models have been
adopted that help predict the extent of erosion and determine
the effectiveness of soil against wind and water erosion,
including the Frouir equation. In this study, we have adopted
the modified global equation model for soil erosion (RUSLE),
as geographic information systems techniques and remote
sensing visuals were used in the modeling. This equation and
the production of digital maps achieve the required goals of
calculating the areas affected by erosion and developing
solutions to reduce the phenomenon of erosion and stabilize
and preserve the soil as it is an irreplaceable natural resource
[3]. Studying and measuring erosion is the first for the region,
so estimating it is crucial to understanding the effects of this
phenomenon. Environmental sustainability. The problem of
erosion represents a challenge to many farmers and concerned
institutions to avoid its negative effects, as failure to address
this problem leads to many losses that cause damage to roads
and infrastructure. The other is a decline in agricultural land
areas. In addition to the problems, it causes to human health
and various activities. The research focused on providing maps
of soil and rainfall and adopting the necessary data in order to
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reach the desired goal.
1.1 Study problem

The research problem is embodied in employing geographic
information systems techniques to model mathematical
equations related to the phenomenon of soil erosion and
estimate the amount of annual loss in tons/ha, which helps
decision-makers predict erosion rates, which in turn helps in
avoiding many risks before they occur, as well as diagnosing
Points of danger and categorized according to severity to be
treated in appropriate ways.

1.2 Study hypothesis

- There is soil erosion, especially in areas with steep slopes.

- Enabling modern technologies to give a clearer picture of
the problem by analyzing visuals and producing maps showing
the causes of drift.

1.3 Study objectives

The research aims to study and analyze the use of the global
soil erosion equation in calculating the amount of eroded soil
in the Al-aubyth valley basin, west of Anbar Governorate, and
to identify erosion areas that pose a threat to the soil, as well
as determining the impact of each erosion factor in the region
through modern technologies. Providing results showing the
effects of this phenomenon on the environment and local
communities using available global data with sufficient
accuracy, and producing digital maps of the factors affecting
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soil erosion to give a clear picture of the problem.
1.4 Location of the study area

Al-aubyth valley basin, the second longest valley in Iraq
after Horan valley, extends in western Iraq between Anbar and
Karbala governorates. It flows for a distance of 297km
towards the east, according to the direction of the main faults
of the region, to empty into Al-Razzaza Lake at its
southwestern edge, respectively. The Al-aubyth valley basin
consists of Safawiyah Al-Sheikh valley, as well as the main
branch of the valley, and its branches are distributed between
Saudi and Iraqi lands (Figure 1). The area of the basin within

the Iraqi border is 6538.47 km? [4]. What distinguishes the
valley is that it is wide and deep with sloping edges, 1km wide
and 40 to 50m deep. The walls of the valley are covered with
stones and gravel, in addition to the areas surrounding it of
hills and sand dunes. Although Al-aubyth valley basin is arid
and dry, it is filled with seasonal troughs left by rainwater. The
most famous of these troughs is Abu Maraji Water brook,
located in the middle of the valley within Anbar Governorate.
In some rainy years, the valley overflows with torrents that
flow into Al-Razzaza Lake. The valley's spread out valleys, in
addition to desert grasses and plants, provide good pastures for
the Bedouins and their livestock (Figure 2) [5].

Figure 1. Study area

Source: Researchers’ work based on Landsat visualizations using Arc map.
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Figure 2. Some valleys in Anbar Governorate
Source: Republic of Iraq, Ministry of Water Resources, Directorate of Public Survey, Anbar Administrative Map, scale 500,000/1, 2012.

1552



2. PHYSICAL CHARACTERISTICS
2.1 Geological properties

Tectonic movements during geological times had a varying
impact on the region through the nature of the deposits and
their stratigraphic succession. The rock excavations cover a
period extending from the Upper Cretaceous period until the
modern era. The stratigraphic succession begins with the Al-
Tayarat Formation, which is the oldest rock unit that appears
in the northwestern part of the region, about 10km east of the
village of Medesis. It consists of lead-coloured dolomite rocks
interspersed with recrystallized limestone and limestone, with
a thin layer of red carbonitic clay at the top of the formation,
and the age of the upper Cretaceous formation (Maastretitic)
[6].

Above this formation is the Umm Ardhma Formation,
which Al-Mubarak and Amin divided into two parts in 1983
based on the heterogeneity of rocks and the variation in fossils.
The lower member dates back to the age of the Middle
Pliocene, while the upper member dates back to the age of the
Upper Pliocene, and the dividing line between them is
indicated by a violet sandy limestone. It is topped with quartz
sandstone. This formation is exposed within the study area
between the two faults in the region (Mukht, Medicis), (Zirka,
Usman). This is for the lower member and the upper part
appears in the western part of the study area (Figure 1) [7].

The formation was deposited in a nitrite marine
environment or a tidal or sub tidal environment, after which a
marine retreat occurred that continued until the Eocene. After
that, a new marine advance occurred that covered the area
during this period, which led to the deposition of the Dammam
Formation as a result of a marine advance in a nitrite shallow
marine environment as well as a tidal and sub tidal
environment [8].

The Dammam Formation is overlain by the Al-Zahra
Formation, which appears in the eastern part of the study area.
It is in the form of isolated longitudinal hills and consists of
two units: the lower is a carbonic sandstone unit, and the upper
is a thinly layered limestone unit these two layers were
deposited in a transitional environment between marine and
continental, and the age of this formation dates back to the
middle Miocene era [9]. All of these formations are covered
by sediments from the Quaternary era, which is the most recent
unit of time and represents the last 1.88 million years of the
Earth’s life [10]. It is divided into two eras: from the oldest to
the newest, the Pleistocene and the Holocene. Its deposits date
back to these two periods, and it consists of from a mixture of
gravel, sand, clay, and limestone rock fragments quaternary
deposits are divided into [11]:

- Habaria Gravel.

- Terraces.

- Valley Filling.

- Rain Washed.

- Mass of Rock.

- Desert Plain Cover.

Valley-filling deposits represent gravel, sand, and mixed
soil (loam) that are collected within the study area.

As for sediments washed away by rain water, they result
from the process of washing the products and erosion of rocks
and sediments that surround the site and which collect in
depressions and shallow valleys. These sediments are mainly
composed of mixed materials and small rock pieces consisting
mainly of calcite, quartz, dolomite, and gypsum, and their
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average thickness is approximately 1-2 meters [12]. The rock
pieces cover a large area of the desert surface near the
stratigraphic detectors. They are of different sizes, ranging
from several millimeters to large blocks. They are the result of
mechanical weathering of the rock layers present in the region.
They consist of two types:

(1) Ordinary rock pieces consisting of dolomite - crystalline
limestone (Hamad phenomenon).

(2) Rock pieces covered with desert pigment and consisting
of silicaugert (bed phenomenon).

Both of them are located within the eastern part of the study
area (east of Faydat Al-Habbariyah), and were distinguished
through satellite aerial photographs. The cover of the desert
plains is formed as a result of the factors of fracture and
decomposition of the various rocks present in the area. It is
mainly made of salty clay materials with a dark coffee color
and mixed with small pieces of rock. Its mineral content is
calcite, quartz, clay minerals and gypsum, and its average
thickness is 2m. It covers the rock layers. In most parts of the
region [13].

As for slope deposits, they are considered one of the few or
non-existent phenomena within the study area because their
presence is associated with steep surfaces or deep-bottomed
valleys.

Finally, the region is part of the Western Plateau, and the
existing layers, that is, those mentioned in the geology of the
region, are almost flat or have a very slight slope of (1-2)
towards the east and southeast [14] (Figure 2).

2.2 Climate properties

The region is dominated by a dry desert climate, with
moderate, humid, little rain in the winter, where the average
rainfall is less than 75 millilitres, where the average rainy days
do not exceed 40-60 days and even the rainy months from
November to May, when the rain comes in the form of
sporadic showers specifically. It is a torrential flood [15], and
as it is known, it is the precipitation of the processes of erosion
and sedimentation and the resulting geomorphological
manifestations in terms of the selection of valleys, valleys,
disparities, and other things, and the gathering of waterways
and valleys sloping towards the lower slopes, and taking clear
and easy areas as well [16]. The river breaks its course and the
valley expands, and at the end of these processes flat plains are
formed, expanding and expanding, which is the end of
treatment and stability [17].

The climate of the study area, which is located in
southwestern Iraq, was analyzed based on the monthly
averages of climate coefficients from the Nukhayb climate
station for the period from 2000-2024.

Temperatures affect the shapes of the Earth's surface as well
as other climatic elements, and this effect appears through
their role in mechanical and chemical weathering processes,
and the processes of breakage, flaking, fragmentation, and
reactions they cause [18].

Average temperatures during the day reach 20°C, while they
reach 1°C during the night in the winter, and reach about 49°C
in the summer. The average annual temperature is (10-12°C)
in the winter and (22-24°C) in the winter. Spring, (32-34°C) in
the summer, and (20-22°C) in the fall. As is known,
temperature has an inverse relationship with rain and humidity
and a direct relationship with wind. Temperatures increase
during the months of July and August and decrease during the
months of January and February [19].



2.3 Soil properties

The main research topic was to evaluate soil erosion rates
for two time periods. Soils were classified into four categories:

Sandy, lime-mixed soil

These are soils that contain calcareous horizons. It is
classified as a group of typical Calcites soils in the American
system of soil classification, and a group of Calciyermosals in
the FAO system. These soils consist of limestone rocks spread
within the limestone formations of the Euphrates, and are often
of medium depth, their depth not exceedingly more than (70
cm) or less, depending on their location. Geomorphologically,
its color varies from light brown in the dry state to brown in
the wet state. These soils have a weak lamellar structure in the
upper horizons [20]. The texture of these soils is cohesive in
the dry state and weak in the wet state. These soils are spread
in the eastern parts of the study area can be seen in Figure 3.

Desert alluvial sedimentary soil

These soils belong to the newly formed (Enti-soils) soils in
the modern American system (USDA 2010) and to the rank
(Eutric Fluvisors) in the FAO system. These soils are
undeveloped desert sedimentary soils called valley-filling
soils that were collected as a result of erosion processes and
washed away by flood waters from high areas. They are
characterized by being of medium depth, not exceeding 50 cm.

Their color varies from pale brown in its dry state to yellowish
brown. yellowish brown in its wet state, these soils are weakly
structured and loose. They are sediments of coarse to moderate
coarseness and are unable to form and adhere. These soils are
characterized by their levels of reaction being neutral to lightly
basic, and with low salinity because they are washed soils.
They are often formed in the form of longitudinal strips on
both sides of the valley [21]. These soils are spread in the
northwestern parts of the study area are seen in Figure 3.

Limestone-sandy mixture soil and limestone mixture
soil

The soils of this group represent developed desert gypsum
soils containing calcaid horizons and gypsids, and at the same
time these soils are developed. The gypsum intersects at the
bottom and the lime at the top, sometimes in the form of lumps.
Adjoining to each other in a conglomerate form, the soils of
this group are shallow in depth, characterized by varying color
between reddish yellow in its dry state to dark brown (strong
brown) in its wet state. The soils of this group are characterized
by terraces of weak basic interaction and medium salinity in
which the percentage of alternating Gypsum (calcium sulphate)
with lime (calcium carbonate) [22]. These soils are spread
throughout the northern and southern parts of the study area,
as shown in Figure 3.
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Figure 3. Soils types in study area
Source: Landsat satellite images by using ArcGIS 10.8.

3. METHODOLOGY

The study followed the descriptive analytical approach in
achieving the objectives of the study, as it relied on the
analysis of satellite images of the Landsat 5 and 9 satellites,
which were obtained from the United States Geological
Survey (USGS) website (https://earthexplorer.usgs.gov) as
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primary sources of data. As well as auxiliary data, reviewing
previous studies and research that dealt with the global soil
erosion equation, and analyzing the available data and
information on the subject of the study, producing final maps
that classified the study area into categories according to its
susceptibility to the risk of erosion, and determined the value
of each variable or parameter based on the information and



data extracted from its sources [23].

RUSLE equation helps the researchers to assess land
degradation through soil related measures and RUSLE used to
estimates long-term annual soil loss due to erosion across
different land uses and land management activities. The
Universal Soil Erosion Equation (RUSLE) was used also to
estimate the amount of sediments in the Al-aubyth valley basin
(within the Iraqi borders). The equation includes coefficients
as shown below [24]:

A=R.K.LS.C.P

where,

A= Amount of soil washed away (tons/ha/year).

R= rain erosion factor, representing the surface portion of
rainfall that causes soil erosion.

K= soil erodibility factor, which represents the geological
and mechanical ability of the soil to resist erosion.

LS= slope length coefficient, representing the spatial effect
of terrain on soil erosion.

C= Coefficient of effect of vegetation cover and land use on
soil erosion.

P= Preservation or protection factor, practices used to
reduce soil erosion.

The values of these coefficients can be calculated using the
data. The values of the coefficients can then be multiplied
together to obtain the final soil erosion value, where by the
RUSLE when combined with RS and GIS, helps to identify
the erosion-prone hotspots, predict the cell-by-cell soil
erosion/loss, and prioritize the sub-watersheds in a big
watershed in relation to the amount of soil loss from their
catchments [25].

3.1 Data used

3.1.1 Digital elevation model (DEM)

6 digital images were obtained at different dates from the
USGS website. A mosaic was created and then a projection
process was performed to convert from WGS84 to the plane
coordinate system UTM zone 38 N, so the cell size became 30
m after the projection process as illustrated in Figure 4.
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It represents a map of elevations in the study area, where the
lowest point is 28.9 m above sea level, and the highest point is
696.4 m above sea level. It is known that the elevation factor
plays an important role in the erosion process, as it depends on
the degree of slope. And the slope, which increases the
possibility of soil erosion occurring as a result of the clear
gradient in elevation on Figure 4.

4. RESULT AND DISCUSSION
4.1 Slope degree factor (S)

Based on the digital elevation model, the (slope) was
calculated in percentage. The values ranged from 2% to 48%,
as the greater the value of the slope, the greater the possibility
of soil erosion due to the tilt of the ground from the horizon,
as it depends mainly on the slope of the surface, and to
determine the value of the factor (S). The equation was applied

[9]:
S=(0.43+0.30*slope+0.043*slope?)/6.613
where,

S: Degree of slope.
Slope: Slope in percentage.
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Figure 5. Spatial distribution of the S factor

Source: Researchers’ work based on Landsat visualizations using Arc map.

This factor is considered one of the most important factors
involved in the erosion process, as the amount of erosion is
directly proportional to the degree and direction of the slope,
and thus the total erosion of the soil increases with the increase
in the length of the slope. Depending on the above equation,
the degree of slope was distributed in a range (1.69-48.09%),
and the degrees of slope can be divided into Al-aubyth valley
basin [26], as shown in Figure 5.

4.2 Slope length factor (L)

The length of the slope affects soil erosion by giving
sufficient time for the soil dismantling and erosion processes,
and the probability of erosion increases with the increase in the
value of the factor L. The following equation was used to



estimate the effect of this factor [27]:
L={(A!4)-(B'4)}/{Cell size*(22.14°%)}

where,

Cell size: The spatial resolution of the digital elevation
model is 30 meters.

B= Flow accumulation.

A= B + cell size/cell size (pixels).

By applying the previous equation, we found that the values
of the parameter L, which are represented in Figure 6:
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Figure 6. Spatial distribution of the factor (L)

Source: Researchers” work based on Landsat visualizations using Arc map.

The highest value was recorded in steep areas, while the
lowest effect of this factor was recorded in flat and semi-flat
areas with a low slope spread throughout the region and the
plains [28] in Figure 6.

4.3 Rainfall factor (R) (2002-2022)

It is the factor influencing the process of soil erosion
through the influence of raindrops on the scattering and
separation of soil particles, as well as the increase in the
amount of soil washed away with an increase in rainfall. For
the purpose of estimating this factor, it is possible to obtain
rainfall values during the study period from the PERSIANN
system [29]. Operational from (https://chrsdata.eng.uci.edu/).
It is one of the most widely used mathematical models to
estimate soil erosion due to water. The PERSIANN algorithm
used here relies on geostationary long wave infrared images to
generate global rainfall.

Figure 7 represented from Figures 5 and 6, the annual
rainfall rate in mm/year, noting that the rainfall rate in 2022
has increased over the year 2002. Due to the unavailability of
rainfall data in the study area, the average annual rainfall was
used to calculate the R factor through the following equation
[30].

R=0.0483*(P'610)
where,

R= Rainfall factor.
P= The annual rainfall rate estimated in mm/year.
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(2002)
Source: Researchers’” work based on Landsat visualizations using Arc map
(10.8).
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The rain erosion R were calculated and the values were
distributed in a range of (75 26)(105_37)mm/year, as shown
in Figure 8 respectively. It is clear that the minimum values of
the R factor are located in the western part of the study area,
while the highest value can be observed in the eastern part of
the region [31].

4.4 Vegetation factor (C)

It is known as the vegetation coefficient, as soil erosion is
affected by vegetation cover by reducing the intensity of
surface runoff. If the surface contains vegetation cover, the
resistance of the soil to erosion will be higher, but if the ground
is fallow and does not contain any type of vegetation cover, it
will be more affected. By erosion, and its resistance is less,
especially if other factors combine, such as: intense rain and




steep slope. Based on the NDVI guide, which was calculated
according to the equation [32].

NDVI=(NIR-Red)/(NIR+Red)

Since,

NIR = Reflectivity of red rays.

Red = Reflectivity of blue rays.

whereas, NDVI is the natural coefficient of variation of
vegetation cover.

The value of C was calculated according to the following
equation [33]:

C=0.431-0.805*NDVI

After implementing the equation, a map was derived that
represents the effect of vegetation cover on soil erosion in the
study area (Figures 9 and 10).
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Source: Researchers” work based on Landsat visualizations using Arc map

(10.8).
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Figure 10. NDVI values in the study area (2022)
Source: Researchers” work based on Landsat visualizations using Arc map
(10.8).

1557

-
2 3°00"E 40°00°E  41°00°E 420'0°E 43°0'0'E 44°00'E  45%00'E
o
& N E
S A 'E

”
'z |
& EX
<
©
F
° z
ol 5
3 [Jordan! -8
©
”
F3 Al-aubyth valley basin
° I
©7 (C-factor-2002 s
B boundaries [ ©
Euphrates Rive g
Saudia Araba Water Bodies
065
£
o | 251250 25 50 75 100 125 0.17
O e ———— 1y WGS_1984_UTM_Zone_38N
© T T
:’ I00E A°00'E  41°00'E  4200°E  4FO00E  44°00E 4500
Figure 11. Spatial distribution of vegetation factor (C)
(2002)
Source: Researchers” work based on Landsat visualizations using Arc map
(10.8).

s N
N 3°00°E  40°00°E  41°0'0°E 4200 4300 44°00°E  45°00°E
z
o
o Nn|E
£ A Fe

/ w
/ -

Z |
o |
3 | |E
3 Fe

<
L

i
e z
2] 5
9 |Jordan re

©
L ©

z Al-aubyth valley basin
° " —
o C-actor-2022 5
b — boundaries  ["©

Euphrates River] &
Saudia Araba |1 Water Bodies
0.74

Z
S |2s1250 25 50 75 100 125 0
O e ——p— iy WCS_1984_UTM_Zone_38N

:’ 3°00°E 40°00°E  41°00°E  42°00°E  4F00°E  44°00°E  45°00°E

.
Figure 12. Spatial distribution of vegetation factor (C)
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Source: Researchers’ work based on Landsat visualizations using Arc map
(10.8).

The NDVI vegetation index is used to highlight vegetation
cover, as NDVI values range from -1 to +1 and positive results
indicate that the cell has vegetation cover, and vice versa.
From Figures 9 and 10, it is evident that the values of
vegetation density (NDVI) vary during the study period [34],
as the value of NDVI increased in 2022 than it was in 2002,
due to the increase in human activity and the intensity of rain,
in addition to the security events that the region witnessed,
which led to a decline in areas covered by vegetation in the
study area. And for the purpose of showing the value of the
coefficient C by applying the equation, it becomes clear to us
that the values of the coefficient C were distributed in a range
of (0-65_0-17) in the year 2002 and in a range of (0-74_0) in
the year 2022, as shown in Figures 11 and 12.

It is clear that there is an inverse relationship with the value



of the vegetation index in the region, as areas with a low NDVI
value take a high value of the C factor, and cultivated areas
take a low value of the C factor [35].

4.5 Crop management factor (P)
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Figure 13. Spatial distribution of crop management factor
(P)
Source: Researchers” work based on Landsat visualizations using Arc map
(10.8).

The P factor expresses the measures used to reduce soil
erosion, such as growing plant barriers, curves, and reducing
soil loss in a specific location, in addition to reducing the effect
of the slope factor. Depending on the values of the slope of the
land, its value ranges between 1-0, and high values of this
factor indicate a lack of maintenance measures. Soil To reduce
soil erosion, the values of the coefficient (P) were calculated
according to the equation [36]:

P=0.2+0.03*Slope

The value of the index increases with the increase in the
value of the Earth’s inclination from the horizon, as the values
are distributed in a range (0.2_1.7), and the steep areas take the
highest values of the P factor. Through analyzing the visuals
used for the study area. The measures to preserve the soil from
erosion are not at a good level except in some areas of the
study area, which represent the center and east of the study
area as shown in Figure 13 [37].

4.6 Soil erosion factor (K)

The researcher classified the soil based on the soil map
produced by the Anbar Governorate Agriculture Directorate,
and it was into four types. The study area covers Table 1, as
this factor is considered one of the main factors that affect soil
erosion. Through it, we can know the properties of the soil and
estimate its susceptibility. Soil erosion, by finding the
percentages of sand, silt and clay, in addition to knowing the
permeability and structure of the soil [38]. Using GIS, a map
of the eroded soil of the study area was created as shown in
Figure 14 and Table 1.
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Figure 14. Eroded soil types in the study area factor (K)

Source: Researchers’” work based on Landsat visualizations using Arc map

(10.8).
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Figure 15. Spatial distribution of minimum and maximum

soil loss
Source: Researchers’ work based on Landsat visualizations using Arc map
(10.8).

It is clear from Figure 15 and Tables 1 and 2 that there is an
increase in the percentage of sand over the rest of the soil
particles, as it was distributed in a range of (736-390) grams,
kg, soil. While the percentage of silt was distributed in a range
of (410-112) grams, kg, soil. As for clay, it was distributed in
arange of (122-200) gm, kg, soil. The soil texture of the study
area is characterized by its medium to moderate roughness,
distributed between its mixed texture to its sandy mixed
texture and its mixed sandy texture. In terms of chemical soil
characteristics, it became clear that the soil of the study area is
calcareous and gypsum, distributed on the plateaus, while
desert sedimentary soil is located within the valley’s stream
and terraces [39].



Table 1. Description and classification of soils in the study area

Prophetic Distribution of the Volume of Losses from

Gross Sc_>|l Aggregate Gypsum. Total the Soil Medium Site
According to USDA Gm, kg, soil Carbonate, Clay, gm, Alluvial, gm, Sand, gm Depth Number
Classification 'K, gm, kg  Soil Texture igg ' kg’ gm. kég ' P
Calcareous soil 92 264 LS 152 112 736 30-0 1
Calcareous soil 97 287 SL 148 153 699 30-0 2
Desert sedimentary soil 103 238 L 200 410 390 30-0 3
Gypsum-limestone soil 204 258 SL 122 310 568 30-0 4

Source: Researchers’ work based on the results of the visualizations.

Table 2. Soil erosion rates between 2002-2022

Category Value of Soil Erosion 2002 2022 Amount of Variance
weak 10 6475.691 6492.12 16.429
middle 20 28.60436 39.75272 11.1483
high 50 13.20201 15.25566 2.0536
very high 100 3.227158 5.574182 2.34702
Severe erosion >200 1.320201 2.200335 0.88013
total area (km?) 6522.473 6552.702 30.8045 km?

Source: Researchers’ work based on the results of the visualizations.

5. CONCLUSIONS

1) The results showed that the process of soil erosion is a
complex process that depends on several factors that are
overlapping in their influence and that one cannot be separated
from the other.

2) The results showed the possibility of adopting geospatial
technologies to accurately monitor and follow the

phenomenon of soil erosion, which saves time, effort and costs.

3) The results of the research proved that the slope factor (S)
greatly affects the amount of eroded soil as the greater the
slope value, the greater the possibility of erosion occurring in
the soil due to the tilt of the earth from the horizon. The amount
of erosion is directly proportional to the degree and direction
of the slope.

4) The results of the research showed, according to the
factor (L), that the amount of eroded soil increases with
increasing slope length, which greatly affects the amount of
eroded soil.

5) By analyzing the soil maintenance coefficient (P)
unfortunately, it was found that the procedures to preserve the
soil from erosion are not at a good level due to the weakness
of government measures to reduce the phenomenon of soil
erosion, except in some areas of the study area, which
represent the center and east of the study area.

6) The results of the research showed the value of NDVI
increased in 2022 than it was in 2002, due to the increase in
human activity and the intensity of rain, in addition to the
security events that the region witnessed, which led to a
decline in areas Covered by vegetation in the study area.

Recommendations

1) Expanding the horizons of this research in following up
and monitoring cases of erosion and monitoring dust storms
and their negative effects.

2) Adopting sound administrative methods for managing
soil in arid and semi-arid areas and preserving and building
soil during use through the use of conservation agricultural
methods and zero-sum agriculture.

3) Paying attention to developing vegetation cover to
protect the soil from erosion.
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