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Abstract— This study examines the potential impacts of climate change on soil erosion rates in the Badra Basin, Wasit
Governorate, using the Revised Universal Soil Loss Equation (RUSLE) model and future climate projections. Soil erosion is a
significant environmental challenge in the region, exacerbated by climatic variability, including changes in rainfall intensity and
distribution. The RUSLE model was applied to the Badra Basin, integrating spatial datasets, including rainfall erosivity (R-
factor) ranging from 228 to 495 MJ mm ha™' h™! year™!, soil erodibility (K-factor) values between 0.02 and 0.05, and topographic
factors derived from Digital Elevation Models (DEM). Climate change projections, under Representative Concentration
Pathways (RCP 4.5 and RCP 8.5), were used to estimate future soil loss. Results showed that areas in the northern mountainous
regions of the basin are at high risk, with potential soil losses exceeding 200 tons per hectare per year under severe climate
scenarios. The study emphasizes the need for adaptive soil conservation strategies, including reforestation and improved
agricultural practices, to mitigate the projected increase in soil erosion. These findings provide critical insights for policymakers
and land managers to develop sustainable approaches to land use in response to future climate impacts.

Index Terms— Badra Basin, Climate Impact, Land Conservation, RUSLE Model, Rainfall Erosivity, Soil Erosion.

1 INTRODUCTION

oil erosion is a critical environmental concern, particularly in arid and semi-arid regions, where it
significantly affects agricultural productivity, water quality, and ecosystem stability[1]. The Badra Basin,
located in the Wasit Governorate of Iraq, is one such region that faces high soil erosion risks due to
its varied topography and climatic conditions[2]. The basin's northern regions are characterized by
steep slopes, while the southern plains have flatter landscapes, both of which are influenced by
variable and often intense rainfall patterns[3]. Rainfall erosivity (R-factor) in the basin ranges from
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228 to 495 MJ mm ha™ h! year!, contributing to substantial soil loss, particularly in areas with
minimal vegetation cover[4].

The Revised Universal Soil Loss Equation (RUSLE) is a well-established model used globally to
estimate soil erosion based on factors such as rainfall erosivity, soil erodibility, slope length and
steepness, vegetation cover, and conservation practices[5]. Despite its widespread use, RUSLE has
primarily been applied to assess current soil erosion rates, with fewer studies focusing on its
application under future climate change scenarios[6]. Climate change is projected to increase the
frequency and intensity of extreme weather events, including heavy rainfall, which could further
exacerbate soil erosion in vulnerable regions like the Badra Basin[7].

Soil erosion is a well-documented environmental issue that leads to the degradation of ecosystems,
agricultural productivity, and water resources[8]. According to soil erosion is responsible for the
loss of approximately 75 billion tons of soil worldwide each year, significantly impacting food
security and increasing the vulnerability of agricultural lands[9]. The process of soil erosion is
primarily driven by rainfall, wind, and human activities such as deforestation, overgrazing, and
unsustainable agricultural practices [10]. These factors lead to the detachment, transportation, and
deposition of soil particles, resulting in the loss of fertile topsoil, increased sedimentation in water
bodies, and reduced water infiltration, which in turn negatively affects crop yields and ecosystem
services [11]. In arid and semi-arid regions, where vegetation cover is often sparse, soil erosion
becomes particularly problematic due to the fragile nature of the soils and the intensity of rainfall
events [12]. In such regions, soil erosion not only leads to reduced agricultural productivity but also
contributes to desertification, which further exacerbates land degradation and poverty[13]. The
Badra Basin in Irag, with its combination of steep slopes and intense rainfall patterns, exemplifies
the challenges faced by such regions [14]. Understanding the causes and impacts of soil erosion is
crucial for developing effective land management and conservation strategies that can mitigate the
negative effects of this process[15]. The Revised Universal Soil Loss Equation (RUSLE) is one of
the most widely used models for predicting soil erosion rates. It was developed as an update to the
original Universal Soil Loss Equation (USLE) by incorporating additional variables and improving
the accuracy of the model [16]. The RUSLE model estimates average annual soil loss based on the
following factors: rainfall erosivity (R), soil erodibility (K), slope length and steepness (LS), cover
management (C), and conservation practices (P). By combining these factors, the RUSLE model
provides a comprehensive assessment of soil erosion risk, which can be used for land management
planning and the implementation of soil conservation practices [17].

This study aims to fill the gap by integrating future climate projections, such as those based on
Representative Concentration Pathways (RCPs) 4.5 and 8.5, into the RUSLE model to assess how
soil erosion rates in the Badra Basin are likely to change. Understanding these potential future
impacts is crucial for developing effective soil conservation strategies and mitigating long-term soil
degradation in the region. The results of this research will provide valuable insights for
policymakers and land managers, helping them to devise adaptive measures that ensure sustainable
land use and protect the region's agricultural productivity from the adverse effects of climate
change.
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2 METHODOLOGY

This section outlines the approach used to estimate current and future soil erosion rates in the Badra Basin
using the Revised Universal Soil Loss Equation (RUSLE) model. The methodology integrates geospatial
analysis with climate projections to assess how climate change may influence erosion dynamics in the
basin.

2.1 Study Area

The Badra Basin, located in the Wasit Governorate of Irag, covers approximately 1063 square kilometers.
The region features diverse topography, with northern areas characterized by steep slopes and southern
regions consisting mainly of flatter plains. Rainfall in the basin varies significantly, contributing to the
region’s vulnerability to soil erosion. The study area was selected due to its agricultural importance and the
increasing risks of soil erosion exacerbated by climate change.

2.2 Data Collection

The following datasets were used to run the RUSLE model:

o Rainfall Data: Historical and projected rainfall data were obtained from local meteorological
stations and global climate models (GCMs) for Representative Concentration Pathways (RCPs) 4.5
and 8.5. Rainfall erosivity (R-factor) was calculated using this data.

« Soil Data: Soil properties, including soil texture and organic matter content, were used to calculate
the soil erodibility (K-factor). This information was sourced from soil surveys and regional studies.

o Topographic Data: A Digital Elevation Model (DEM) with 30-meter resolution was used to derive
the slope length and steepness (LS-factor) required for the RUSLE model.

e Land Cover Data: Vegetation and land use information were derived from satellite imagery using
the Normalized Difference Vegetation Index (NDVI) to estimate the cover management factor (C-
factor).

« Conservation Practices: The P-factor was calculated based on land management practices in the
basin, considering the presence of terraces, contour farming, and other conservation techniques.

2.3 RUSLE Model Application

The RUSLE model was applied to estimate both current and future soil erosion rates in the Badra Basin.
The equation used is[18]:

A=R*xK*LS*C %P i v iee e e e vee eee e [ 1)
Where:

e Alisthe annual average soil loss (tons/ha/year),

e Ris the rainfall erosivity factor,

« Kiis the soil erodibility factor,

o LS represents the slope length and steepness factor,
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o C is the cover management factor, and
e P isthe conservation practices factor.

The model was run twice: once using current climate data and again using projected climate data for RCP
4.5 and RCP 8.5 scenarios to assess future erosion risks.

2.4 Integration of Climate Projections

Future climate projections for the RCP 4.5 and RCP 8.5 scenarios were obtained from global climate
models. These scenarios represent moderate and high greenhouse gas concentration pathways, respectively.
The projected changes in rainfall patterns were incorporated into the R-factor of the RUSLE model to
estimate future soil erosion rates. Spatial analysis was conducted using Geographic Information System
(GIS) tools to visualize areas most susceptible to increased erosion under these scenarios.

2.5 Data Analysis and Validation

The results of the RUSLE model were validated using field observations and historical erosion data from
the region. Soil loss estimates were compared to documented rates of erosion and sedimentation to ensure
the model’s accuracy. Sensitivity analysis was conducted to evaluate the influence of different factors (R,
K, LS, C, and P) on the overall erosion estimates.

3 Results and Discussion

This section presents the findings of the study, highlighting the spatial and temporal variation of soil
erosion rates in the Badra Basin under current and future climate scenarios. The discussion focuses on the
implications of these results for soil management and conservation strategies, considering projected climate
change impacts.

3.1 Current Soil Erosion Rates

The RUSLE model was applied to estimate current soil erosion rates in the Badra Basin. The results show
that soil erosion is highly variable across the basin, influenced by topographic and climatic conditions. The
highest erosion rates were observed in the northern region, where steep slopes and high rainfall intensity
dominate, leading to an average annual soil erosion rate of 80 tons/ha/year. The central region, with
moderate slopes and a more diverse land cover, experiences lower erosion rates, averaging 60 tons/ha/year,
while the southern region, characterized by flatter terrain, has the lowest erosion rate of 45 tons/ha/year.
The overall distribution of current circulation rates in the Badra Basin, measured in tons per contribution
per year, illustrates the trend in topographic analysis and circulation coefficients resulting from current
climate data as shown in figure (1).
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Fig. 1:Current Soil Erosion Rates in the Badra Basin (tons/ha/year)

3.2 Projected Soil Erosion Under RCP 4.5

Under the RCP 4.5 scenario, which represents moderate climate change, soil erosion rates are projected to
increase across all regions of the basin due to an anticipated rise in rainfall intensity and more frequent
extreme weather events. The northern region is expected to see a 50% increase in soil erosion, reaching 120
tons/ha/year. The central region is projected to experience a 33% increase, with erosion rates rising to 90
tons/ha/year, while the southern region's erosion rate will rise by 44% to 65 tons/ha/year. Figure 2 shows
the projected erosion rates in the Badra Basin under the RCP 4.5 climate change scenario. The figure shows

the geographical variations of increased erosion due to changing rainfall patterns.
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Figure 2:Projected Soil Erosion Rates Under RCP 4.5 (tons/ha/year)

3.3 Projected Soil Erosion Under RCP 8.5

The RCP 8.5 scenario, representing more severe climate change, predicts an even more dramatic increase
in soil erosion. The northern region is expected to experience soil erosion rates of up to 160 tons/ha/year, a
100% increase compared to current conditions. The central region’s erosion rate is projected to rise to 120
tons/halyear, while the southern region is expected to experience an erosion rate of 85 tons/ha/year, almost
double its current level. Figure 3 shows projected erosion rates in the Badra Basin under the RCP 8.5
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climate change scenario. The figure highlights a significant increase in erosion rates, especially in the
northern regions.
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Figure 3: Projected Soil Erosion Rates Under RCP 8.5 (tons/ha/year)

3.4 Discussion

The results clearly indicate that climate change will exacerbate soil erosion in the Badra Basin, with both
moderate (RCP 4.5) and severe (RCP 8.5) scenarios showing substantial increases in soil loss. The northern
region, already vulnerable due to its steep slopes, will face the greatest challenges, with erosion rates
potentially doubling under severe climate change. The central and southern regions, while less affected, are
also expected to see significant increases in soil erosion.

The implications of these findings are critical for land management in the Badra Basin. Increased soil
erosion can lead to the degradation of arable land, reduced agricultural productivity, and increased
sedimentation in water bodies, which can affect water quality and storage capacity in reservoirs. The
projected increases in soil erosion highlight the need for immediate action to implement effective soil
conservation measures.

3.5 Suggested Mitigation Strategies

To mitigate the projected increases in soil erosion, the following strategies are recommended:

1. Reforestation and Vegetation Cover: Increasing vegetation cover, particularly in the northern
region, can help stabilize the soil and reduce runoff. Native species should be prioritized to enhance
soil retention.

2. Contour Farming and Terracing: Implementing contour farming practices and constructing
terraces in sloped areas can reduce the velocity of water flow, thus preventing soil erosion.

3. Soil Conservation Structures: Physical barriers such as check dams, terraces, and silt traps can be
employed to reduce soil erosion in areas most vulnerable to increased runoff under future climate
conditions.

4. Sustainable Land Use Practices: Promoting sustainable agricultural practices, including reduced
tillage and the use of cover crops, can help maintain soil health and reduce erosion. Figure 4
presents proposed strategies to reduce erosion in the Badra Basin, including reforestation, terraced
agriculture, and the construction of dams to reduce runoff.
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ECCOMMENDED SOIL CONSERVATION PRACTIC
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Figure 4: Recommended Soil Conservation Practices

4 Conclusion

This study assessed the current and projected soil erosion rates in the Badra Basin, Wasit Governorate,
using the Revised Universal Soil Loss Equation (RUSLE) model integrated with climate projections under
RCP 4.5 and RCP 8.5 scenarios. The results indicate significant spatial variability in soil erosion rates
across the basin, driven by topographic and climatic differences. Under current conditions, soil erosion
rates range from 45 to 80 tons/ha/year, with the northern region experiencing the highest levels of soil loss
due to its steep slopes and high rainfall intensity.

Climate change is expected to exacerbate soil erosion, with projected increases in both frequency and
intensity of rainfall events. Under the RCP 4.5 scenario, soil erosion rates are projected to increase by 30-
50%, while under the more extreme RCP 8.5 scenario, erosion rates could double, particularly in the
northern region, where the projected rate reaches up to 160 tons/ha/year. These findings underscore the
vulnerability of the Badra Basin to the impacts of climate change and the urgency of implementing soil
conservation measures.

The study also identified several key strategies to mitigate soil erosion in the Badra Basin. Reforestation,
contour farming, check dams, and the use of cover crops are among the recommended practices that can
significantly reduce soil loss and improve soil stability. Implementing these strategies, particularly in high-
risk areas, is essential to preserving the agricultural productivity of the region and preventing land
degradation.

In conclusion, the results highlight the need for proactive, climate-resilient land management practices to
mitigate the adverse impacts of climate change on soil erosion in the Badra Basin. By integrating soil
conservation measures with sustainable land use planning, the region can maintain its agricultural
productivity, protect its natural resources, and ensure the long-term sustainability of its ecosystems in the
face of climate change. Further research is needed to explore the socioeconomic impacts of soil erosion and
to refine adaptive strategies tailored to local conditions and future climate scenarios.
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