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The study of water erosion is of great importance in order to know the degree of surface
sensitivity because it represents a basic step for environmental assessment due to its
reflection on the dominance of land types and uses, especially in arid and semi-arid
regions that suffer from a fragile ecosystem due to the prevalence of drought and climate
extremes. The application of the potential erosion method, or the so-called Potential
Method Erosion model, was relied upon, as it represents one of the experimental and
semi-quantitative methods through which the amount of sedimentary revenue can be
estimated as well as the degree and severity of erosion. The research aims to employ
geographic information systems techniques to estimate erosion according to the
Gavrilovic equation, as this model gives two types of erosion. The first is known as
potential specific erosion (Z), in which all data are used except climatic factors. The
second is known as final soil losses (W). It uses all data, including climatic factors. In
building the erosion model (EPM), we relied on remote sensing data represented by
satellite data (Landsat 8), the digital elevation model (DEM), and soil and rainfall data,
because of their fundamental role in the activity of erosion processes. Among the most
important results of using this model were divided The study area is divided into five
erosion levels: "Among the most important results of using this model, the study area was
divided into five levels of erosion: very low erosion, with an area of (514) km=
accounting for (7.2%); low erosion, with an area of (529) km=and a percentage of (7.4%);
moderate erosion, with an area of (2631) km=accounting for (36.9%); severe erosion,
with an area of (2102) km=and a percentage of (29.5%); and very severe erosion, with an
area of (1358) km=accounting for (19%)".

1. INTRODUCTION

Water  erosion  plays a  crucial

of vegetation cover, with desert soil predominating [2]. These
factors contribute to variations in erosion processes across
different regions within the study area. Recognizing that

role in

hydrogeomorphological research due to its significant impact
on shaping the Earth's surface features. In the study area, these
features may not solely result from the current climate
conditions but rather trace back to a wetter period in the past,
characterized by heavy rains that contributed to soil
breakdown and its subsequent transport by water to different
areas where it got deposited.

In the present era, although rainfall is infrequent, it occurs
in the form of intense showers that facilitate the erosion
process. However, the extent of erosion is dependent on
several factors, including the amount and type of precipitation,
the nature of the terrain, slope gradient, and vegetation density
[1].

The quality of the rocks also plays a significant role in the
erosion process; fragile rocks are more susceptible to erosion
compared to hard ones, influenced by the materials binding the
grains. Soluble materials increase the likelihood of erosion.
Vegetation cover is another critical factor, as it helps slow
down water flow, allowing more water to infiltrate the earth's
surface. Additionally, the roots of vegetation help in soil
retention. However, the study area is characterized by a lack
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erosion is a global phenomenon, various mathematical models
have been developed to quantify soil loss. One such model
employed in this study is the Gavrilovic EPM model. The
Gavrilovic model, attributed to Slobodan Gavrilovic, was
developed in collaboration with researchers at the Institute of
Water Resources in Yugoslavia over a period spanning from
1952 to 1976, consisting of three stages [3]. This model has
since become the standard tool for assessing water erosion
extent and sedimentation in European countries, including the
Eastern Region, over recent decades. Stefanovic and
colleagues recognize its widespread adoption in the field of
water resources management for evaluating surface erosion
[4]. The Gavrilovic model operates on two fundamental
aspects. The first aspect involves the incorporation of specific
indicators into the model. These indicators include variables
such as "T", "H", "Xa", "Q", "Y", and "Ja". These indicators
are entered with their actual values, without being subjected to
mathematical transformations, in order to assess the levels of
water erosion and their corresponding environmental risks
within the region [5]. The second aspect revolves around the
utilization of membership functions for these indicators,


https://orcid.org/0009-0002-9705-9887
https://orcid.org/0000-0002-8814-8928
https://crossmark.crossref.org/dialog/?doi=https://doi.org/10.18280/ijdne.190628&domain=pdf

assigning values ranging between 0 and 1. Subsequently, the
Gavrilovic equation is applied to these indicators, resulting in
output values that also fall within the range of 0 to 1. The
primary purpose of employing this model is to categorize the
intensity of erosion and to determine the associated degree of
environmental risk, particularly regarding soil erosion [6].

1.1 Research questions

1- To what extent does water erosion affect Ratka Valley
basin?

Is it feasible to develop models that accurately replicate
real-world  conditions using a  geoinformation
environment to assess erosion levels in Ratka Valley basin
and its associated sub-basins?

Can the Gavrilovic model be regarded as a reliable
scientific advisory tool for the study area's basins?

2-

3-

1.2 Study hypotheses
1- The extent of water erosion in Ratka Valley basin exhibits
varying degrees, ranging from very weak to severe,
depending on the spatial characteristics of the basins.

Notably, climate factors, particularly precipitation, play a
significant role in driving the erosion process. Other
influential factors include the geological structure, terrain,
slope, soil composition, and natural vegetation.

2- It is possible to develop models that accurately replicate
real-world  conditions using a  geoinformation
environment to assess the extent of erosion in Ratka
Valley basin and its associated sub-basins.

3- The Gavrilovic model can be considered a scientifically

sound advisory tool for evaluating the basins within the
study area.

2. STUDY AREA LOCATION

The study area is situated in the western part of Iraq,
specifically within Anbar Governorate, as indicated on Figure
1. This basin represents a natural geographic unit covering an
area of approximately 7,134 square kilometers. Consequently,
the region is bounded by two latitudes, ranging from
(32°55'1"N 34°17'38.4"N), to the north, and two longitudes,
extending from (39°36'18"E 40°46'44"E) to the east [7].
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Figure 1. Location of the study area in Iraq
Source: Based on the Republic of Iraq, Ministry of Industry and Minerals, General Establishment for Geological Survey and Mineral Investigation,
Administrative Map of Iraq, year 2000, scale 1:250000, and Arc Gis 10.8 program.

2.1 Mechanism for constructing the Gavrilovic erosion
model (EPM)

The study of water erosion holds significant importance as
it allows us to assess surface susceptibility, which is a
fundamental step in environmental evaluation, impacting land
types and usage. In this regard, we have employed the
Potential Method Erosion model, also known as the Potential
Erosion method. This model is considered one of the
experimental and semi-quantitative approaches that enable the
estimation of sedimentary income and the determination of
erosion severity and extent [8].
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2.1.1 Model building data

Landsat 8, the eighth installment in the Landsat program, is
an American satellite that was successfully launched on
February 11, 2013. This advanced satellite has the capability
to capture detailed maps of Earth's surface within a 16-day
timeframe, gathering crucial data, particularly pertaining to
forests, water bodies, and agricultural regions. This
visualization encompasses 11 distinct spectral bands, each
tailored to a specific purpose, as detailed in Table 1.

This data type was utilized in the calculation of the (Xa)
coefficient, which was derived from a combination of channels
within the range (2, 3, 4, 5, 6, 7, 8). This combination process
resulted in a colored visual representation that facilitates the



identification of various types of plant cover, a critical
component for determining this coefficient.

Table 1. Data transmission for Landsat 8 and its applications

Clarity Wave

Degree Length Ranges

30 0.43-0.45 Band 1-Coastal Aerosol

30 0.45-0.51 Band 2-Blue

30 0.53-0.59 Band 3-Green

30 0.64-0.67 Band 4-Red

Landsat 8
30 0.85-0.88 Band 5-Near Infrared Operational Land
(Vegetation) | oLl

Band 6-Shortwave mager (OLI)

30 1.57-1.65 and Thermal
Infrared (SWIR) 1 Infrared S
Band 7-Shortwave Tr: Fgeére E gnsor

30 2.11-2.29 Infrared (SWIR) 2 ( 11)’ Zglguary

15 0.50-0.68  Band 8-Panchromatic !

30 1.36-1.38 Band 9-Cirrus (Clouds)
Band 10-Thermal

100 10601119 \\frared (TIRS) 1

100 11.50-12.51 Band 11-Thermal

Infrared (TIRS) 2

Another valuable aspect of these visualizations is the ability
to derive temperature data, primarily from zones (10, 11). This
involves applying a specific mathematical algorithm, which
we will elaborate on later. Regarding the assessment of current
erosion, the fourth band is employed, focusing on the

maximum radiation value as a key indicator [9].
2.2 Digital elevation model (DEM)

It is essentially a data file containing a series of elevation
points distributed across the Earth's surface. Vertically, these
points are associated with elevation values (Z) relative to sea
level or a specific reference point, while horizontally, they are
linked to known grid values (X, Y) corresponding to the
fundamentals of a map [10]. To acquire this type of
visualization, we turned to the Earth Data website of the US
Geological Survey (USGS), specifically using data from the
ALOS-PALSAR satellite. This source provides data with a
remarkable level of accuracy, down to (12.5) meters. The
digital elevation model played a crucial role in our work,
particularly in deriving the slope index (Ja), a pivotal
component in the construction of a water erosion risk map.

2.3 Soil data

The distribution of soil in the region is primarily influenced
by both climate and surface erosion patterns, and as such, it
aligns with the classification system provided by the Food and
Agriculture Organization (FAO), recognized as one of the
most contemporary soil classifications worldwide [11].

2.4 Precipitation data

Z=Y=Xa=(§ =+ Ja)

Hydrological soil Satellite Precipitation and
DEM visual temperature data
(¥) {1a) ($) current (¥a) : m P
Soil erosion Slope index erosion Soil protection temperature &l
susceptibility index coefficient index index
10+ TRMM

Index
/ 0.1 T=Y

m=(3.1415)

I

l

W=+ 2 == T=H

Figure 2. Steeps of the methodology

Rainfall plays a pivotal role in driving water erosion within
the study area. It initiates the erosion process, starting with
raindrops and leading to surface runoff and eventually
drainage channels. Intense rain showers are especially
influential in washing away substantial amounts of soil,
particularly in areas characterized by steep slopes and a lack
of vegetation cover. The Tropical Rainfall Measuring Mission
(TRMM) model, a collaborative project between NASA and
the Japan Aerospace Exploration Agency, served as a valuable
resource for precipitation data. The TRMM model operated for
approximately 17 years, temporarily ceasing in April 2015
before re-entering Earth's atmosphere in June 2015. To this
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day, the model continues to monitor and study tropical rainfall
[12].

2.5 Application of data to water erosion indicators

To estimate erosion, Geographic Information Systems (GIS)
techniques were employed in accordance with the Gavrilovic-
Lovec equation. This model provides two types of erosion
indicators: potential specific erosion (Z), which uses all
available data except for climatic factors, and final soil losses
(W), which incorporates all data, including climatic factors.
Figure 2 illustrates the workflow of this model [13, 14].



3. TEMPERATURE INDEX (T)

Temperature plays a fundamental role in the initiation of
mechanical weathering processes, directly affecting the
fragmentation, flaking, breaking, and dispersion of rock grains.
This impact is particularly pronounced when there are
significant daily temperature fluctuations. Additionally,
temperature levels influence the moisture content of rocks and
sediments, contributing to processes like decomposition,
oxidation, and hydration of rock minerals. Gavrilovic
determined the temperature factor through a dedicated

equation that relies on the annual average temperature as the
key variable for its calculation, as expressed in the following
equation (Figure 3) [13].

T=+(c/10+0.01)

where, ¢ represents the average annual temperature.

To obtain climate data for calculating T, information from
weather stations in Al-Qaim, Al-Nukhayb, Al-Rutba, and Deir
ez-Zor was utilized. These data sets were processed using the
ArcGIS 10.8 program, as shown in Table 2 and Figure 4.
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Figure 3. Illustration of the construction of T indicator model
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May 236 28.1 26.1 253 To calculate the precipitation index (H), climate data was
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July 31.9 35.8 34.2 34.6 (TRMM) model. This model is the result of a joint space
August 317 34.7 339 344 mission between NASA and the Japan Aerospace Exploration
September 28 30.7 29.6 33.1 Agency (JAXA), providing climate data on rainfall from 1990
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to 2020. In this model, monthly precipitation rates over a 20-
year period were considered, and the study area was extracted
from this model [15]. A specialized tool was then designed to
delineate the study area, and the values of the grid cells were

converted into point values, resembling rainfall measurement
locations. Subsequently, these values were reconverted into
grid cell values. This process is depicted in Figure 5 and Figure
6 [16].

]np;t ~ Extract by N TR—E"{
o
[ ,__’_,,a-”" Mask
Loma ,/f -\\ /l
—_ ™ TRMM F‘EM [ Bomt A
7 Clip | —» - — point 7-," TRMM 'l_;, IDW 7 IDW-
Ioput " ¥ | L TRMM
TRMM \ /
~ g \\. .—"/
Figure 6. Building an H index model
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Instead, the researcher relied on the hardness of rocks and soil iy iR
texture, as outlined in Table 3, Figures 7 and 8 [18]. - .
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Figure 8. Soil erosion susceptibility index Y

The soil erosion susceptibility index was categorized into
five classes according to the Gavrilovic model, as depicted in
Figure 7 and detailed in Table 3 [19].

1. The first category corresponds to "very weak," covering
an area of 3,691 km?, accounting for 51.7% of the total
area. This category is scattered across the study area
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basins.

2. The second category represents "weak," with an area of
2,851 km?, constituting 40% of the total area. This
category prevails in most parts of the study area.

3. The third category signifies "medium," covering an area

of 423 km?, equivalent to 5.9% of the total area.




4. The fourth category denotes "severe," encompassing an
area of 127 km?, making up 1.8% of the total area.
5. The fifth category signifies "very severe," with an area of

42 km?, accounting for 0.6% of the total area.

The Slope Index (Ja): is influenced by various factors,
leading to variations in slope characteristics. The study area is
categorized as having predominantly flat slopes, as illustrated
in Figure 9 and Figure 10 [20].

Input Qutput Ja

dem Index

Figure 9. Building JA indicator model
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Figure 10. Regression levels for the study area according to
young's classification

The information for this classification was derived from a
Digital Elevation Model (DEM) with a resolution of (30>30)
meters and a surface map of Anbar Governorate at a scale of
1:100,000. These data were processed using ArcGIS 10
software.

6. THE SOIL PROTECTION INDEX (XA)

Is defined as the levels of vegetation density that contribute
to soil stabilization, reduction of flow velocity, improved
water permeability, and erosion reduction [21]. It is directly
proportional to vegetation density. A classification process
was performed on a Landsat 8 satellite image captured on
7/3/2022 to determine the types of vegetation cover based on
Xa values. These values were then classified into five
categories, as outlined in Table 4 and Figure 11.

Accordingly, the study area's basins were classified into the
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following categories:

1. The first category corresponds to "very weak," covering
an area of 1,258 km?, representing 17.6% of the total area.
This category is dispersed across the study area basins.
The second category represents "weak," with an area of
1,069 km?, constituting 15% of the total area. This
category dominates most of the study area.

The third category corresponds to "medium," covering an
area of 1,570 km? and representing 22% of the total area.
This category is distributed across the entire study area.
The fourth category corresponds to "severe" erosion,
covering an area of 1,686 km? and representing 23.6% of
the total area.

The fifth category represents "very severe" erosion, with
an area of 1,551 km?, accounting for 21.7% of the total
area. This category is mainly concentrated in the central
parts of the study area [22].

Table 4. The soil protection index Xa

Km?
1258
1069
1570
1686
1551
7134

Soil Protection Index (Xa)
Very weak
Weak
Medium
Strong
Very strong
Total summation

Percentage
17.6
15
22
23.6
21.7
100
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Figure 11. A visual representation of this index

6.1 The current erosion coefficient &

The values of the current erosion index vary with the sizes
of the water basins, and the current erosion index was obtained
through the equation formulated by study [23]. To calculate
this index, where reliance was placed on Landsat 8 satellite
visualization captured on 3/7/2022. According to the
following equation:

@=Tm3/Qmax



This equation is based on the square root of the third band
(Tm3) divided by the maximum radiation value in Landsat 5.
When the third band in the Landsat 5 satellite is compared with
the Landsat 8 satellite, from the wavelength aspect we notice
that the third band in the Landsat 5 satellite corresponds to
Band 4 on the Landsat 8 satellite, so it is possible to modify
the equation formula as follows [24]:

@=\(band4(0.64-0.69)/Qmax)
From the results of this equation, the extents of erosion are
determined, as shown in Table 5 and Figure 12, according to
the percentage of radiation, as the percentage of radiation

increases steadily with the increase in the intensity of erosion.

Table 5. The values of the current erosion coefficient index

(@)
Evolution Current Erosion Km? Percentage
Very weak 1363 19.1
Weak 1494 20.9
Medium 1382 19.4
Strong 1463 20.5
Very strong 1432 20.1
Total summation 7134 100

Source: The data was processed by the researcher using the ArcGIS 10.8

program.
39°3l5'0"E 40°0"0"E 40°2:')'0"E 40°59'0"E
- =
- .
P Syria
s
z . z
° .—"" °
Sl - [&
s g ".valley Rutaimi S
.¢"".
z valley Al Mani | Z
o o
e Lo
- -
& &
™« «
valley Al-Hari

z z
° °
o4 Lo
~N o~
) ¢
o« ™«

Evolution of current erosion

Very weak I
=z weak 55 | Z
° | Medivm 55 | °
g Severe I g
© Very intense i |

- Secondary basins CJ

8 Km International borders =r+=

39°35'0"E 40°0'0"E 40°25'0"E 40°50'0"E

Figure 12. A visual representation of the current erosion
coefficient index (&) in the Gavrilovic model
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model (D)
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A model for this parameter was created using the ArcGIS
10.8 program. Its inputs include the fourth band in Landsat 8
and the maximum radiation percentage for the band, as
illustrated in Figure 13 [25].

6.2 Designing the Gavrilovic model (EPM)

After extracting the indicators mentioned above by applying
their respective equations and automated processing, both
quantitative and qualitative aspects of water erosion were
determined. This model involves a series of transformational
operations to obtain the final version of the model. Here are
the details [26].

6.3 Specific erosion coefficient Z

This is a composite model that combines the Xa factor with
the Y factor and multiplies them by the current erosion factor.
Its values range between 1 and 0, and it can exceed 1 in cases
of very severe erosion. Gavrilovic categorized the results into
five qualitative classes, as shown in Table 6 and Figure 14 [27].

Table 6. Classifications and values of the Z index for specific
erosion

Types Erosion  Qualitative Value

Very weak 0.19-0.01
Weak 0.40-0.20
Medium 0.41-0.80
strong 1.0-0.81

Very strong 1.1 and more

Raster
_— V4
Caleulator

Figure 14. Illustration of the process of building the Z index
model

Table 7. An overview of the types and areas of Z values for
specific erosion

Types Erosion  Qualitative Value  Km?  Percentage
Very weak 0.01-1.19 514 7.2
Weak 0.20-0.40 529 7.4
Medium 0.41-0.80 2631 36.9
Strong 0.81-1.0 2102 295
Very strong 1.1 and more 1358 19
Qualitative value 7134 100

Based on Table 7 and Figure 15, the region can be divided
into five categories:
1. Very Weak Erosion: This type covers an area of 514 km?,
accounting for 7.2% of the region. It is predominant in
isolated areas within the study area's basins.
Weak Erosion: Covering an area of 529 km?, this type
represents 7.4% of the region and is prevalent in separate
parts of the area.
- Moderate Erosion: This type, with an area of 2,631 km?,



constitutes 36.9% of the region. It is the dominant type in
most of the study area and occupies the largest portion of
the basins [28].

4- Severe Erosion: Covering an area of 2,102 km?, this
category accounts for 29.5% of the region.

5- Very Severe Erosion (Class V): This category
encompasses an area of 1,358 km?, making up 19% of the
region, primarily located in the northern and central parts
of the study area [29].
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Figure 15. Z index for specific erosion across the study area
6.3 Quantitative erosion coefficient W

The final quantitative erosion coefficient integrates all
indicators that affect erosion processes within the study area.
It combines the qualitative erosion coefficient (Z) with the two
climate factors (H, T) using the equation shown in Figure 16.
Gavrilovic classified this factor into six categories, as detailed
in Table 8 [30].

Tl

'G

Figure 16. Building the W indicator model
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Through Table 9 and Figure 17, erosion risks can be divided
based on the amount of erosion within the basins of the study
area into the following:

1. The First Type, Very Weak Erosion: The area of this type
is 1116 km? and the percentage is 15.6%, and it prevails
in separate parts of the region.

2. The Second Type, Weak Erosion: The area of this type is

1342 km? and the percentage is 18.8%, and it prevails in
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separate parts of the region.

The Third Type, Moderate Erosion: The area of this type
is 2201 km? and the percentage is 30.9%, and it occupies
the largest area of the basins of the study area. This type
represents the dominant type in the region.

The Fourth Type, Severe Erosion: The area of this
category is 1340 km? and the percentage is 18.8%.

The Fifth Type, Very Severe Erosion: The area of this
class is 1135 km? and the rate is 15.9%. This class prevails
in the central parts of the study area [31].

Table 8. Types and values of the W index for quantitative
erosion

Types Erosion

Erosion Quantities/m3/km?Year

Very weak Less than 50
Weak 500-51
Medium 1500-501

strong 5000-1501
Very strong 20000-5001

Catastrophic And more 20001

Table 9. Categories, area, and percentages of the W indicator
within the basins of the study area

Quantitative Assessment

2
Factor for Erosion (w) Km Percentage
Very weak 1116 15.6
Weak 1342 18.8
Medium 2201 30.9
Strong 1340 18.8
Very strong 1135 15.9
Qualitative value 7134 100
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Figure 17. W index for quantitative erosion of the basins of
the study area

7. CONCLUSIONS

1. The study concludes through the study that natural

factors have an influential role in water erosion, which



are (precipitation, slope, soil susceptibility to erosion,
and temperatures).

The EPM model is an appropriate model that simulates
the reality of the geoinformation environment to detect
the extent of erosion in the Wadi Ratka basin and its
secondary basins.

The nature of the climate in the study area has a
fundamental role in the activity of water erosion.

The study showed, by applying the Gavrilovic model,
that the study area suffers from water erosion to a
moderate degree.

The study area suffers from a fragile and highly sensitive
environmental situation due to the nature of the extreme
climate represented by the climate zone (BWH)
according to the Koppen classification.

8. RECOMMENDATIONS

1-

Embrace modern geographic technologies, such as
Geographic Information Systems (GIS) and remote
sensing, in hydrogeomorphological studies of water
basins. Leveraging these technologies can lead to
significant time, cost, and effort savings while delivering
fast, precise results that closely align with real-world
conditions relevant to the study.

Implement regular monitoring and surveillance measures
in areas classified as highly eroded. Develop and
implement appropriate erosion control and mitigation
solutions tailored to the specific needs of these regions.
Advocate for the use of the Gavrilovic model among
specialists and planners as a crucial step in the early
stages of planning and development for any area. This
model can provide valuable insights into erosion risks,
enabling informed decision-making and sustainable
development practices.

By adhering to these recommendations, it is possible to
better manage and mitigate erosion issues in Ratka Valley
basin and similar regions, leading to more sustainable
land use and enhanced environmental protection.
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