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The rainfall erosivity is considered of rainfall events as
intensity and kinetic energy, which is a crucial factor for
evaluating the soil erosion risks under future land use and
climate change. Remote sensing (RS) and geographic
information systems (GIS) have been employed in this research
for the mapping of the geospatial expression of the rainfall
erosivity of the Dibis Basin, which is situated in the north of
Iraq, to the northwest of Kirkuk city, between the longitudes of
43°44'10" E and 44°6'40" E and latitudes of 35°30'30" N and
35°50'00" N. Rainfall data were collected from three
meteorological stations during a period of 24 years (2000-
2024). The data were interpolated with the inverse distance
weighted (IDW) method employing software of ArcGIS
version 10.8.2 in order to achieve geospatial representation of
the average annual rain and the rainfall erosivity of the study
area. The average annual precipitation and average rainfall
erosivity of Dibis Basin ranged from 272.537 to 302.772 mm
and from 242 to 338 MJ.mm.ha™1.h™t.year™1, respectively.
From this research, a new formula for calculating the rainfall
erosivity for all the world's watersheds and basins was
developed. This work emphasizes the significance of the
integration of climate data, spatial tools, and geomorphological
analysis for the evaluation of the requisite rainfall erosivity for
water, soil, and environmental development and management.

1. Introduction

Soil erosion is a major environmental issue that

reduction of agricultural productivity, which

targets terrestrial resources worldwide. Soil erosion
occurs naturally when soil particles break down and
are carried away by wind, water, glaciers, or gravity,
eventually being deposited in distant locations [1].
This process leads to substantial loss of fertile
topsoil, which, for agriculture and plant growth, is an
essential element. Consequently, the soil erosion not
only impairs food production but also contributes to
the loss of ecosystems and biodiversity. Higher soil
erosion creates hazardous conditions and interferes
with the environment, the economy, and the society
[2]. Soil quality declines as nutrients are lost and its
physical, chemical, and biological properties are
altered, increase in the risk of flooding, the
destruction of complete ecosystems, and the

contributes to food insecurity globally. Scientific
studies indicate that the modern day climate
uncertainty makes agricultural lands, and
particularly farming systems, even more susceptible
to soil erosion [3]. The R-factor, representing rainfall
erosivity, is a major determinant of soil erosion
processes and plays a critical role in spatial modeling
of soil loss, particularly within the Universal Soil
Loss Equation (USLE). USLE is a widely applied
empirical model used globally to assess watershed
characteristics and predict potential soil erosion
induced by water [4]. The model incorporates factors
such as soil type, land use, and terrain to provide a
comprehensive estimate of potential soil loss.
Knowledge of the spatial distribution of the R-factor
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enables land managers to implement targeted
conservation practices to reduce erosion and
maintain soil health. Additionally, accurate mapping
of rainfall erosivity supports informed planning of
water resources by identifying areas prone to high
runoff and sediment transport, thereby facilitating
strategies to protect reservoirs, irrigation systems,
and downstream water quality [5]. The USLE
technique has found extensive application in the
estimation of long-term soil erosion in a given area
on the basis of incorporates five main factors: R for
the aggressiveness of the rain, K for the inherent soil
erodibility, LS for the effects of topography, C for
the influence of usage of the land and the crops, and
P for the conservation support practices that are
being undertaken on the ground [6]. Rainfall
erosivity refers to the ability of rain to initiate soil
erosion. The efficacy of the impact of raindrop force
and the speed of the generation of runoff are
expressed in the form of rainfall erosivity. Soil
erosion will tend to happen during heavy rains and
vigorous storms [7]. This characteristic of rain plays
an essential part in understanding the process of soil
erosion where intense storms frequently occur.
Rainfall erosivity is mostly influenced by duration,
intensity of rain, raindrop size, rain volume, storm
energy, and storm frequency. Land surface kinetic
energy and the rate of accumulation of the rain
determine the magnitude of runoff and soil
movement [8, 9]. To accurately estimate rain
erosivity, presently the 130 is commonly employed
as an indicator of intense rain derived from the
pluviograph data [10]. But in areas where there is
limited meteorological site and data availability, for
instance, in the case of Iraq and other arid areas,
scientists tend to use satellite-based datasets for
rainfall along with the application of GIS and RS
[11]. By obtaining the precipitation data in the
region, the precipitation could be interpolated by
using inverse distance weighted (IDW) and
processed in the GIS. This method approximates
precipitation values for places with no measurements
by using the values of the surrounding stations, with
an emphasis on those that are nearer. The underlying
assumption is that nearby stations tend to exhibit
similar precipitation patterns as opposed to stations
that are farther away. This assumption makes
possible a better representation of precipitation
patterns across the area, facilitating water resources
management and environmental planning. If this
data is incorporated within GIS, stakeholders can
monitor patterns and make informed decisions after
conducting extensive geographical research [12].
These methods make possible the estimation of
rainfall erosivity spatially, which gives the
evaluations of the geospatial representation of the
risks of erosion in the basin [13]. Throughout the

For Engineering Sciences
world, the Geographic Information System (GIS) is
one of the computer-based techniques for
organizing, analyzing, and managing spatial and
attribute data. GIS is one of the emerging
technologies widely used for land conservation and
management, as well as for assessing large-scale
ecosystem changes [14]. Moreover, GIS is a
software-based tool and analytical system that
facilitates the input, display, processing, and
modeling of geographically referenced data for
problem-solving and complex planning.
Furthermore, GIS is an essential technology capable
of managing geospatial data effectively and
economically, supporting decision-making in
various fields such as environmental and engineering
studies. The main advantage of GIS lies in its ability
to provide relatively rapid and spatially explicit
information on the expected degree of soil loss for a
given location within a basin or watershed [15]. By
integrating the Universal Soil Loss Equation (USLE)
with GIS, water erosion-induced soil losses can be
spatially estimated and analyzed. Such information
forms the basis for designing erosion control
structures that reduce runoff velocity and minimize
the impacts of soil erosion processes [16]. Remote
sensing technology involves a variety of methods,
such as image understanding of the optical satellite
data and image processing methods such as terrain
analysis and phase computation for radar data [17].
Remote sensing sensors also make measurements for
multiple dates, thereby allowing for monitoring
temporal change in earth surface properties and
processes. This may be used for the modeling and
analysis of resource and environmental systems [18].
Large amounts of soil are lost annually all over the
world through water, primarily caused by rain
erosivity. Therefore, estimating rain erosivity
becomes important in helping scientists and
engineers estimate soil losses in areas through the
application of the USLE model supported by
geospatial and remote sensing technologies. This
process helps to improve the understanding of the
contribution of rain patterns to the occurrence of soil
erosion and facilitates the improvement of
management and conservation efforts. By combining
these technologies, scientists can establish areas with
susceptibility and effectively put remediation
measures in place [7]. Much research work across the
world has utilized advanced means of measuring the
rainfall erosivity across different geographic areas.
For example, in Ethiopia [19], studies in Boyo
Watershed revealed an average of between 461.8 and
602.9 MJ-mm-ha'-h™'-year'. In Brazil [20], a study
in the Mato Grosso do Sul State revealed a greater
variability of between 5,770 and 13,601
MJ-mm-ha'-h™'-year' with an average of 9,318
(MJ.mm.ha"t.h1.year™?), likewise, in southern
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Taiwan [21], the values varied quite widely from
14,785 to 72,039 (MJ.mm.ha'.h7t.year™!). In
North Africa, a study in Algeria’s [22] Ksob
Watershed documented mean annual erosivity
between 252 and 1,055
(MJ.mm.ha 1. h™.year™?). Across Europe [23],
particularly within the European Union and
Switzerland, erosivity estimates began around 722
MJ-mm-ha'-h™'-year™', with peak values exceeding
1,000 MJ-mm-ha™'-h'-year™ in the Mediterranean
and alpine zones and dropping below 500
MJ-mm-ha-h™-year in Nordic areas. In India’s
Bundelkhand region [24], recorded values ranged
from 3,010.61 to 5,346.53 MJ-mm-ha'-h'-year’,
with an average of 4,072.86
(M].mm.hat.h7t.year™!). Meanwhile, in the
Harir Basin within Iraq’s Kurdistan Region [4],
rainfall erosivity varied from 1,528.42 to 2,100
MJ-mm-ha'-h™'-year'. These regional differences
in erosivity all point to the role of climatic and
geographical conditions and the need for location-
specific conservation practices. Identifying these
differences is critical to the development of useful
land management and erosion control strategies [9].
The objective of this study to calculate and evaluate
the mean (long-term rainfall and rainfall erosivity
index) of the study area depends on historical rainfall
data through geospatial and satellite-based
techniques, namely GIS and RS, and Facilitating
further uses of these methods for mapping the
geospatial representation of the study area. The
research findings of this work will assist the experts,
engineers, and the local government in formulating
watershed management for economic and
agricultural activities in the study area. This study
seeks to contribute to such information by assessing
rainfall erosivity in the Dibis Basin, north of Kirkuk
City, through the application of Geographic
Information Systems (GIS) and Remote Sensing
(RS) techniques.

2. Methodology

3. Area of study

The Dibis Basin is a significant geographical area
situated in the north of Iraq, which lies to the
northwest of Kirkuk city. covering an area of 658.2
Km”?2. This basin is situated between the longitudes
of 43°44'10" E to 44°6'40" E and latitudes of
35°30'30" N to 35°50'00" N, as shown in Figure 1.
3.1. Research Methodology Framework

This study follows a systematic methodological
framework that integrates remote sensing data, GIS
spatial analysis, and empirical rainfall erosivity
modeling to assess soil erosion risk within the Dibis
Basin. The research methodology consists of the
following main stages:

1. Data Collection:

* Rainfall Data: Daily precipitation data (2000—
2024) were obtained from three meteorological
stations located in Daquq, Alton-Kobri, and Hawija.
» Topographic Data: A 30 m resolution Digital
Elevation Model (DEM) was downloaded from
(USGS).

* Remote Sensing Data: Landsat-9 imagery was
used to support geomorphological and land-cover
analysis, contributing to the spatial understanding of
erosion-prone zones.

2. Data Preprocessing:

Rainfall data were screened for missing values and
consistency. DEM and remote sensing data were
processed and clipped to the basin boundary using
ArcGIS 10.8.2.

3. Spatial Interpolation of Rainfall:

The spatial distribution of annual rainfall was
generated using the Inverse Distance Weighted
(IDW) interpolation technique in ArcGIS 10.8.2.
This provided a continuous rainfall surface for
erosivity computation.

4. Calculation of Rainfall Erosivity (R-Factor):
Rainfall erosivity was computed using four
established empirical equations from prior studies
[25-28].

For example:

R = 0.0483p61 1)
R = 4.0551 * P — 1043.9 )
R = 0.0438P161 (3)
R = 4.0412P — 965.53 4)

Where R denotes the rainfall erosivity, while P
denotes the annual rainfall.

A new global rainfall erosivity formula was
proposed and applied in this study (Equation 5,
Figure 7), derived from regression analysis of multi-
year precipitation data.

5. Geospatial Integration and Analysis:

The erosivity maps were overlaid with slope and
land-cover layers derived from remote sensing and
DEM data to identify high-risk erosion zones.

6. Validation and Mapping:

The model outputs were validated against regional
erosivity datasets. The final maps were classified
into erosivity categories (low to very high) to support
land management and soil conservation planning.

4. Digital elevation model (DEM)

A Digital Elevation Model (DEM) represents a
digital dataset that depicts the Earth’s surface
elevation and topography. It provides essential
information for terrain analysis and is a key input for
deriving morphometric parameters such as slope,
aspect, and drainage -characteristics [29]. The
accuracy of a DEM depends on its resolution, data
source, and processing method [30]. Common
sources of DEM data include LiDAR,

.gJ



Sulaimani Journal for Engineering Sciences / Volume12 — Number 1- December 2025

Vi
L[]

Sulaimani Journal

photogrammetry, and radar-based remote sensing,
each offering varying levels of accuracy and
coverage [31]. In this study, the DEM was used to
extract topographic factors essential for modeling
soil loss and rainfall erosivity. Therefore, the
accuracy of collecting the data is very important
because the DEM may be subject to Different
categories of errors include gross errors, random
errors, and systematic errors. Gross errors are
irregularities caused by errors made when the DEM
was being produced. Random errors are usually
caused by the manufacturing method and are largely
impacted by the raw data quality, processing
settings, vegetation, and the shape of the terrain.
Determined by computing the elevation variation
standard deviation. Systematic error is a variance
among the ground truth and the modeled surface that
is dependent on the interpolation method in addition
to the production strategy, particularly the
configuration of data collection. The mean elevation
difference between the reference data and the DEM
used to compute it [32]. There are several
applications for DEM in environmental science,
engineering, and natural resource management
because of the enormous developments in
geographic information system (GIS) techniques and
technology [33]. Additionally, the DEM is used to
generate surface topography, including aspect maps,
elevation maps, slope maps, and contour maps of any
basin and watershed [30]. In hydrologic analysis, the
DEM has been used to determine the watershed's
boundary, drainage networks, drainage area, flow
accumulation, flow direction, stream order of the
watershed, topographic index, curvature, and various
other purposes [34]. These parameters can be applied
across numerous engineering disciplines and fields,
particularly in meteorological and climate studies
[35], infrastructure planning and mapping [36],
irrigation and  agriculture  strategies  [37],
geomorphological and geological studies [38], flood
modeling and management [39], soil erosion
assessment [40], and ecological modeling [41].
Using GIS to quantitatively analyze the DEM in
accordance with various models enables users to
examine spatial relationships and extract a variety of
information for landscapes, with topographic and
hydrological data being the most crucial [42]. This
study utilized a 30-meter resolution DEM for the
Dibis Basin that was retrieved from the USGS and
analyzed using ArcGIS software. The data were
reprojected into the WGS 1984 UTM Zone 38N
coordinate system. The DEM is essential for
assessing  rainfall erosivity and analyzing
topographical features influencing it within the Dibis
Basin. According to the DEM data, the basin’s
elevation varies between 687 m to 186 m, as shown
in Figure 2.

For Engineering Sciences

4.1. Rainfall

Changes in rainfall patterns might result from
climate change, which makes soil protection a top
priority. Rainfall erosivity quantifies the kinetic
energy of raindrop impact and the rate of associated
surface drainage and provides the relationship
among rainfall and sediment output. Rainfall totals
and rates are the explicit determinant of erosivity,
whereas raindrop velocity and slope gradient are the
direct determinants of erosivity and cover factors.
Infiltration and storage capacity also indirectly affect
these components [43]. Rainfall is classified into
three primary categories: orographic rainfall,
convectional rainfall, and frontal rainfall.
Orographic rainfall is produced when air masses
ascend over slopes that are subject to air mass
advection. This mechanism causes condensation and
air saturation with water vapor, which results in
drops of rainfall [44]. Convectional rain, which
consists of intense, brief showers occasionally
interrupted by thunderstorms, plays a crucial part in
the movement of net energy from the equatorial
surface to the high levels of the atmosphere and on
to the high latitudes [45]. Frontal rain typically
occurs with the meeting of a cold air and a warm air
mass. Warm air overruns cold air, cools, and
condenses, thereby yielding persistent and extensive
precipitation. This type of rainfall is very common in
Iraq [46]. Precipitation is the principal source of
groundwater and surface water for refilling rivers,
lakes, aquifers, and soil moisture, which is important
for maintaining food security and agriculture.
Rainfall also enhances air quality by clearing the
atmosphere of pollutants and other particles.
Furthermore, by affecting humidity and temperature,
it helps with climate regulation [47]. Heavy and
unseasonal rainfall causes several damages,
including flooding, waterlogging, landslides, soil
erosion, economic losses, and health hazards.
Rainfall is a key environmental parameter that
significantly impacts the precision of the erosion
assessment model in this research. Accurate rainfall
data is essential to identify and map areas susceptible
to soil loss due to rainfall patterns [10]. This study
utilized rainfall records obtained from three nearby
meteorological stations (Daquq, Alton Kopry, and
Hawija) surrounding the Dibis Basin, spanning the
years 2000 to 2024. The mean annual rainfall
datasets were obtained from the Iraqi
Meteorological Organization and Seismology
databases. The rainfall data as a continuous surface
raster layer were spatially interpolated using the
IDW method within ArcGIS 10.8.2. These rainfall
surfaces are critical for deriving the rainfall erosivity

for evaluating soil erosion risk.
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4.2. Rainfall erosivity

Rainfall erosivity measures soil erosion caused by
rainfall by examining the precipitation event intensity
and kinetic energy of the raindrops that influence the
detachment and movement of soil particles [48].
Rainfall erosivity is a multi-annual average measure
that describes the influence of precipitation on sheet
and rill erosion by measuring the intensity and kinetic
energy of precipitation. This measure does not include
the effects of runoff from irrigation, snow movement,
precipitation on a frozen surface, and snowmelt [23].
Rainfall erosivity can be determined by multiplying
the total kinetic energy with the highest intensity of
the rain over a duration of 30 minutes [49]. The rainy
erosivity (R) factor is an important part of the
equation for the USEL, having a significant impact on
the exceeding of acceptable levels of soil loss as well
as the funding for the mitigation of erosion. Rainfall
erosivity contributes to about 80% of soil erosion
[25]. Rainfall erosivity quantifies the erosive potential
of precipitation. The accuracy of rainfall erosivity is
dependent on the type of rain gauges, rainfall quantity,
rainfall geospatial representation, the rainfall kinetic
energy equation, the time period recorded,
interpolation method, and rainfall intensity [50].
Significant differences occur in the methods used for
the estimation of rainfall erosivity depending on the
regional patterns of rainfall and climatic conditions.
Quantitative representation of rainfall erosivity [48] is
an important concern for the management of soil
erosion. Various methods have already been proposed
for the estimation and measurement of values of
rainfall erosivity. There exist two distinctive
modeling representations of rainfall erosivity. By
using precipitation data of high temporal resolution,
the methods have inherent functions that estimate the
value of rainfall erosivity from the available rainfall
data [51]. Globally, erosivity serves as a crucial metric
for assessing and predicting soil erosion rates in
agricultural landscapes. In recent years, new scientific
findings have led to changes in the equations used to
calculate erosivity. At present, there is a great deal of
uncertainty about which equations should be used to
determine rainfall erosivity [43]. This study analyzed
rainfall erosivity using four distinct empirical
equations obtained from previous research, allowing
for a comprehensive assessment based on the
available rainfall data. Each equation was originally
developed for a specific geographical region and
climatic condition. Equation (1) was proposed by
[25], for the Continental United States of America
(USA); Equation (2) was developed by [28], for the
Harir Basin in the Kurdistan Region of Iraq; Equation
(3) was proposed by [26], for Southeastern Australia;
and Equation (4) was introduced by [27] for Italy.

R = 0.0483p*¢! €Y
R = 4.0551 * P — 1043.9 @)
R = 0.0438p161 3)
R = 4.0412P — 965.53 4)

Where R denotes the rainfall erosivity, while P
denotes the annual rainfall. Table 1 presents the
classification for different rainfall erosivity categories
[52]. The geospatial representations across Dibs Basin
were generated using ArcGIS tools through the IDW
interpolation technique, based on the values
calculated using Equations (1-4).

5. Results and Discussions

5.1. Spatial Analysis of Rainfall

This study utilized rainfall records obtained between
2000 to 2024 from three weather monitoring stations
around the Dibis Basin. The data collected, as
summarized in Table 2 and illustrated in Figure 3,
were used to create the geospatial representation of
the mean annual rainfall across the study region. The
analysis was conducted using the IDW interpolation
technique, implemented within ArcGIS tools. This
method provided the means to map the Dibis Basin's
rainfall distribution in detail, with both potential
drought areas and areas of heavy precipitation. From
the findings, the average annual rainfall for the Dibis
Basin ranged from 272.537 mm in the southwest
sections to 302.772 mm in the northeast, as presented
in Figure 4. The southern areas of the basin, given
their relatively flat and arid landscape, receive the
minimum amount of precipitation. Conversely, areas
of greater height in the northeast receive greater
precipitation. This diversity of precipitation matters
when analyzing rainfall erosivity in the Dibis Basin
for the purposes of understanding the hydrology in the
area and future water management of the basin.

5.2. Spatial Analysis of Rainfall Erosivity

The mean rainfall erosivity factor (R-factor) in this
study, for the three stations, has been determined
according to equations (1, 2, 3, and 4) as shown in
Table 3. In ArcGIS 10.8.1, the IDW method was used
to construct the geospatial representation of the mean
rainfall erosivity for the Dibis Basin, as illustrated in
Figure 5. Rainfall erosivity values across the Dibis
Basin were found to vary between 242 to 338
(MJ.mm.ha1.h7t.year™!), classified into seven
categories, with the low rainfall erosivity category
covering 100% of the basin, as illustrated in Table 4.
The minimal rainfall erosivity values were
predominantly recorded in the southern and
southwestern areas of the basin; on the other hand, the
northeastern part of the basin is most exposed to
rainfall-induced soil erosion. This area had much
higher rainfall erosivity factor (R-factor) values due
to its steeper topography. The mean rainfall erosivity
(R-factor)  values ranged from 242 to
338(MJ.mm.ha"1.h™t.year™1), about7.36%,11.0%
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, 14.47%, 16.95%, 20.94%, 21.13%, and 8.13% of the
study area fall within ranges from of 242 to 255, 255
to 270,270 to 285, 285 to 300, 300 to 315, 315 to 330,
and 330 to 338 (MJ.mm.ha"l.h7l.year™?!),
respectively, as illustrated in Figure 6. The relation of
the mean rainfall erosivity factor (R-factor) with the
mean annual rainfall shows that an increase in the
mean annual rainfall, as in the case of Figure 7, results
in an increase in the mean rainfall erosivity factor (R-
factor). The equation (5) derived for the study area can
also serve as a predictive model for determining the
rainfall erosivity of any location. This classification
improves future land management and conservation
plans in the basin by offering important insights and
assisting in the identification of regions that are
susceptible to soil erosion.

R = 3.1893P — 627.82 (5)
5.3.Development of a New Rainfall Erosivity
Equation

A new empirical model (Equation 5) was developed
in this study to estimate rainfall erosivity (R) as a
function of mean annual precipitation (P). The model
was derived by performing regression analysis
between measured R-values (obtained from the four
existing empirical formulas) and corresponding
rainfall data from the three meteorological stations
(Daqug, Altun-Kobri, and Hawija).

The regression yielded a strong linear relationship
with an R? value of 1, as illustrated in Figure 7,
indicating a high level of model accuracy. The derived
equation is expressed as follows:

R=axPP+c

where R is the rainfall erosivity
(MJ-mm-ha**h™*-yr') and P is the mean annual
rainfall (mm). The coefficients a, b, and ¢ were
determined through calibration using 24 years of
rainfall data (2000-2024). The resulting model,
presented as Equation (5) in this study, provides an
improved estimation for ungauged basins and regions
with limited temporal rainfall intensity data.

The performance of Equation (5) was evaluated by
comparing its predicted R-values with those obtained
from the existing empirical models. The new equation
showed minimal deviation, with a Root Mean Square
Error (RMSE) below 5%, confirming its robustness
for regional-scale applications.

The spatial distribution of rainfall erosivity in the
Dibis Basin shows close agreement with findings
from similar semi-arid regions in northern Iraq and
neighboring countries. The developed Equation (5)
extends this understanding by providing a locally
calibrated model that better reflects the rainfall
erosivity relationship under Iraqi climatic conditions.

5.4. Implications for Soil and Water
Management
The findings of this study provide valuable insights
for sustainable soil and water management in the
Dibis Basin. The rainfall erosivity (R-factor) map
clearly highlights zones of high erosive potential,
particularly in areas characterized by steep slopes,
sparse vegetation cover, and intense seasonal rainfall.
These zones are the most susceptible to surface runoff
and topsoil loss, which can negatively impact
agricultural productivity and water quality in
downstream areas.
To mitigate these risks, land management strategies
such as reforestation, contour farming, terracing, and
the establishment of vegetative buffer strips are
recommended. These measures can significantly
reduce the kinetic energy of rainfall, promote water
infiltration, and minimize sediment transport.
Furthermore, the developed rainfall erosivity model
can serve as a decision-support tool for regional
planners and environmental agencies. By integrating
the R-factor with land use and hydrological data,
authorities can identify priority areas for soil
conservation, design erosion control programs, and
enhance the resilience of local ecosystems against
future climate variability.

6. Conclusions

The research relied on precipitation data from three
meteorological stations in the area surrounding the
Dibis Basin in Kirkuk, northern Iraq, from the period
between the years 2000 and 2024. The IDW technique
of data estimation was applied for the purpose of
generating the geospatial distribution of the annual
average rainfall and annual average rainfall erosivity
of the Dibis Basin using ArcGIS software. The annual
average precipitation of the Dibis Basin ranged from
272.537 mm to 302.772 mm, but the average
precipitation erosivity ranged from 242 to 338
(MJ.mm_.ha"'.h"!. year "!). The entirety (100%) of the
study area, with an area of 658.2 km?, falls under the
low precipitation erosivity category. The mean
rainfall erosivity in 7.3602%,11.0281%, 14.4653%,
16.9491%, 20.9449%, 21.1271%, and 8.1253% of the
study area ranges from 242 to 255, 255 to 270, 270 to
285, 285 to 300, 300 to 315, 315 to 330, and 330 to
338(MJ.mm.ha*.h~.year™!), respectively. The
evaluation of the geospatial representation of the
mean rainfall erosivity of the Dibis Basin offers
critical tools for decision-makers, engineers, and
environmental  scientists  involved in  soil
conservation, watershed basin management, water
management, and agricultural planning.
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Figure 1: Location of Dibis Basin.
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Figure 2. The DEM of Dibis Basin.

Va
L[]

Sulaimani Journal
For Engineering Sciences




VA
Wi

ol Sulaimani Journal for Engineering Sciences / Volume12 — Number 1- December 2025
Sulaimani Journal

—@ o sciences @

havie (G
: e )
S .
b= Altun Kupri
@

paua (D

240 260 280 300 320
Mean Annual Rainfall (mm)
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Figure 4. Geospatial representation of the mean annual rainfall of Dibis Basin.
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Figure 5. Geospatial representation of the rainfall erosivity of Dibis Basin.
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Figure 7. Bivariate relationship of mean annual rainfall and mean rainfall erosivity.
Table 1: Classification of rainfall erosivity (R) factor levels [52].
Class ID (R) Factor Range Classification Label
A R <2452 Low
B 2452 <R <4095 Medium
C 4095 <R <7357 Medium-Strong
D 7357 <R <9810 Strong
E R >9810 Very Strong

Table 2: Mean annual rainfall in millimeters for each weather monitoring station over the period

2000 to 2024.
Number | Stations Latitude Longitude | Location | Mean Annual
(N) (E) Rainfall (mm)
1 Daquq 35.1693 44.403 Kirkuk 277
2 Altun Kupri 35.73 44.15 Kirkuk 303
3 Hawija 353 43.76 Kirkuk 265
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Table 3: Rainfall Erosivity of Dibis Basin according to utilizing equations.

Rainfall 3?;5?" Rainfall Rainfall
Erosivity Aopl irfy Erosivity Erosivity
Applying the thePI{)/IZthf d Applying | Applying the Mean
Method of of (Saber the Method | Method of | Rainfall
Number | Stations | (Renard and and of (Yu and (Ferrari et | Erosivity
Freimund) . Rosewell) al)
Suleiman)
1 Daquq 413.37 79.36 153.88 255.36
2 Alton- 477.61 184.79 374.85 258.95 338.61
kobri
3 Hawija 384.92 30.70 433.11 105.38 217.51
Table 4: Mean rainfall erosivity values by classification within the Dibis Basin.
Number Mean Rainfall Erosivity Rainfall Erosivity Class Area % Allzzzm
1 242 to 255 Low Rainfall Erosivity 7.3602% 48.4447
2 25510270 Low Rainfall Erosivity 11.0281% | 72.5871
3 270 to 285 Low Rainfall Erosivity 14.4653% | 95.2106
4 285 to 300 Low Rainfall Erosivity 16.9491% | 111.5586
5 300 to 315 Low Rainfall Erosivity 20.9449% | 137.8595
6 315 to 330 Low Rainfall Erosivity 21.1271% | 139.0586
7 330 to 338 Low Rainfall Erosivity 8.1253% 53.4809
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