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Abstract

:

In the Shatt Al-Arab basin, soil erosion is a major problem due to the steepness of the terrain and the significant difference in altitude between the upstream and downstream parts of the basin. Vast quantities of soil are moved annually, resulting in massive repercussions including soil degradation, structural damage, biodiversity loss, and productivity reduction in the catchment area, huge sediment load, and the pollution of streams and rivers. Consequently, the assessment of soil erosion risk and geographical distribution is essential for constructing a database for developing effective control strategies. Revised Universal Soil Loss Equation (RUSLE) was combined with Remote Sensing (RS) and Geographic Information System (GIS) in the current work to define the soil erosion hazard map in the Shatt Al-Arab basin. The RUSLE model included various characteristics for soil erosion zonation including rainfall erosivity, soil erodibility, slope length and steepness, land cover and management, and conservation support practices. Annual erosion rates in this study in tons per hectare were: extremely high (more than 50); very high (50 to 16.5); high (16.5 to 2.2); medium (2.2 to 1); and low (1 to 0) ton ha−1year−1 representing 16, 4, 13, 7, and 60 % of the basin’s area, respectively. The high soil loss rates are associated with heavy rainfall, loamy soil predominance, elevated terrains/plateau borders with a steep side slope, and intensive farming. Managers and policymakers may use the results of this study to implement adequate conservation programs to prevent soil erosion or recommend soil conservation acts if development projects are to proceed in places with a high soil erosion risk.
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1. Introduction


Human requirements in the twenty-first century, such as foods, fibers, clean water, and clean air, cannot be met without healthy soil [1]. Soils are an essential component of earth system functions that facilitate the supply of essential ecosystem services [2,3]; however, the soil may be degraded by human activities and environmental stressors [4]. Population increase, deforestation, and overgrazing are the three major factors that cause and exacerbate soil erosion [5]. Erosion has many negative effects that are of real concern for a variety of reasons. Firstly, removal of the fertile top layer of soil (topsoil) by erosion affects soil fertility and crop productivity. Secondly, erosion diminishes reservoir capacity and operation and degrades downstream water quality [6,7,8]. Thirdly, soil erosion causes a rise in pollutants and sedimentation in streams and rivers, resulting in the blockage of these waterways as well as a reduction in biodiversity [9]. Fourthly, erosion also transports soil-laden water downstream, which may produce sediment layers that impede the flow of streams and rivers and ultimately cause floods [10]. Lastly, erosion destroys the land that can host fewer plants capable of absorbing climate-warming carbon dioxide. In a given year, soils might theoretically store enough greenhouse gases (GHG) to equal around five percent of all human-made GHG emissions [11]. An approximate estimate indicates that 10 million hectares of croplands are ruined annually owing to soil erosion. Due to this, agricultural output decreases, resulting in declining economies and a rise in malnutrition [12].



In the Shatt Al-Arab basin, a trans-boundary basin between Iraq and Iran, soil erosion is a severe and complicated environmental problem [13,14]. The soil erosion rates in Iran, where most of the basin is situated, are twenty times the world average. Soil erosion treatment costs Iran between USD 56B and USD 112B, which is more than the nation’s annual oil earnings (e.g., USD 53.6B in 2014) [15]. Moreover, degraded areas are often less capable of retaining water, which may exacerbate floods. For instance, massive flash floods in the Shatt Al-Arab basin in 2019 [16] destroyed livelihoods and caused billions of dollars in damage in Iraq and Iran [17,18]. In the region of Khuzestan, where the Shatt Al-Arab basin extends, roughly 18 tons of soil per hectare is eroded each year [19]. Khuzestan province ranks first in Iran due to the high soil erosion rates. Such high erosion levels restrict the viability of agricultural endeavors [20]. In other instances, soil erosion has led to an increase in dust pollution in this area, which has harmed the habitability of rural households [21,22,23]. Moreover, sedimentation caused by erosion affects the storage capacity of dams by about 0.2 billion cubic meters each year. Likewise, Iran’s agricultural land loses are around 33-ton ha−1year−1 of soil due to erosion. A ton of soil encloses around 28 km of nitrogen, phosphorus, and potassium. Consequently, approximately 900 km of nutrients per hectare are lost [24]. Based on the average cost of fertilizers, the annual damage of nutrient loss due to soil erosion is around USD 2.7B [25]. The above-described erosional degradation results in enormous economic impacts in the upper parts of the basin. Moreover, the downstream parts of the basin have a limited potential for soil erosion. Yet, materials that are eroded from the upstream parts may compile in the river’s lower reaches, imposing further economic damages [14]. Studies conducted on soil erosion in the Shatt Al-Arab basin were limited to the Iranian part of the basin, e.g., [26,27]. Such studies were valuable in their own terms. However, they were constrained to specific sites within the basin. Therefore, it is not possible to thoroughly identify the spatial distribution characteristics of the soil erosion in the entire basin. From this perspective, we think that erosion hazard assessment may help both riparian countries, since there is a high likelihood that their citizens and leaders will come to a consensus on the need for collaboration, e.g., [28]. Initiatives and sustainable development programs must be carried out on a realistic geographical scale that enables the full expression of hydrologic interrelationship between all the components of a landscape continuum. In this case, the appropriate scale is the full Shatt Al-Arab river basin.



Soil erosion hazard assessment has been used by scientists since the 1930s [29,30] to forecast and detect control erosion techniques. Various methodologies have been used to estimate soil loss by water at various levels including global, regional, and local [28,29,30,31,32,33,34]. Several models have been created to assess soil loss rates [12,35]. These models are divided into three types: physical-process-based models, empirical models, and semi-empirical models [36]. Field-based models for quantifying soil loss and its spatial variety are expensive and time-consuming, and insufficient sample plots might impair the consistency of the actual spatial degree of the areas experiencing erosion. In the outdated field-based methods, carefully mapping and monitoring the spatial distribution of soil loss in extremely wide zones is an arduous, expensive, and time-consuming task [37]. On the other hand, each regional scale erosion model such as USLE/RUSLE, SEMMED, WEPP, ANSWERS, EUROSEM, LISEM, SWAT, AGNPS, and SWRRB has its unique features and range of application [38,39,40,41,42,43,44,45]. The Universal Soil Loss Equation (USLE) was established by the Department of Agriculture in the United States in 1978 to forecast the amount of eroded soil over time [46]. It is an empirical technique that evaluates the long-term means of rill and sheet erosion based on plot data collected in the eastern United States [47]. The authors of [48] provided a newer version of USLE called the Revised Universal Soil Loss Equation (RUSLE). Despite being an empirical method, the combination of RS, GIS, and RUSLE produces soil erosion estimates and its geographic distribution at acceptable costs and with greater precision across larger regions [49,50,51,52,53,54]. The authors of [40,53,55] observed that the empirical equation of RUSLE remains the most suitable method for assessing soil erosion risk owing to its low data requirements and easy model structure. This is particularly true for most developing nations, where the application of more complicated models may be constrained by a lack of acceptable input data [36]. Therefore, this study aimed to assess soil loss in the Shatt Al-Arab basin using RS, GIS, and the RUSLE model. This may be used by decision-makers for optimal soil restoration planning and sustainable land management practices.




2. Study Area


The Shatt Al-Arab basin consists of the Tigris and Euphrates basins, as well as the Karun and Karkheh sub-basins (Figure 1). The Shatt Al-Arab, which begins at the confluence of the Tigris and Euphrates rivers near Qurna city, flows for about 100 km to the south before forming the boundary between Iran and Iraq for the last 90 km of the route, before emptying into the Gulf. The entire area draining to the river, excluding the Tigris and Euphrates basins but including the Karun and Karkheh sub-basins, is around 143,000 km2. The Karun River, a tributary of the Shatt Al-Arab, flows wholly across Iranian territories between 30° and 34° N and 48° and 52° E. The Karun watershed elevations range from 0 to 4400 m above sea level with annual precipitation ranging from 50 to 1800 mm [56]. The river is 950 km long and has an average discharge of 575 m3/s. The river’s path to the Gulf splits into two main branches: Bahmanshir and Haffar, which join the Shatt Al-Arab. It stems from the Zagros Mountains near Zard-Kuh in western Iran. The watershed consists mainly of elongated piedmont fan and valley terrace deposits [57]. The Karkheh River is situated in Iran’s southwest region between 30° and 35° N and 46° E to 49° E. It is one of the most productive watersheds in Iran, accounting for 9% of the country’s total irrigated land. In addition, the basin produces 10–11 percent of the country’s wheat [58]. The watershed’s elevation varies from less than 10 m above sea level in the south to more than 3500 m in the north. The southern part of the watershed receives roughly 150 mm of annual precipitation, whereas the northern part receives up to 750 mm [59]. The watershed situated in the Zagros Mountains is underlain by Phanerozoic sedimentary sequences that have resulted in the formation of hundreds of anticlines and synclines. The lithology in the basin is classified based on resistance as low (alluvial deposits, marl, and conglomerate); intermediate (gypsum, dolomitic limestone, and gypsums marl); and high (limestone and sandstone) [60,61].




3. Methodology


Soil erosion, the most significant land degradation activity in the Shatt Al-Arab basin, is described as a leveling action in which soil and rock fragments are transported downslope by gravity. The RUSLE, a predictive empirical model, is used in the present study to calculate the annual soil loss in the Shatt Al-Arab basin. The RUSLE is the most extensively used erosion method to forecast the average annual soil loss through computing the soil erosion parameters [48]. It is a refined form of the USLE model [63], which has been thoroughly examined and applied for decades. The RUSLE calculates the average annual soil loss in tons per hectare based on five parameters:


  A = R × K × LS × C × P  



(1)




where A represents the average annual soil loss (ton ha−1year−1); R denotes the rainfall erosivity parameter (MJ mm ha−1 h−1 year−1); K represents the soil erodibility parameter (ton h MJ−1 mm−1); L denotes the slope length parameter; S refers to the slope steepness parameter; C represents the cover and management parameter; and P denotes the conservation support practices parameter. The LS, C, and P are dimensionless parameters [64]. After calculating the RUSLE parameters and preparing a raster format for each parameter, the soil erosion map was prepared by using “Raster Calculator”, which is a tool under “Spatial Analyst Tools” in ArcGIS. The erosion rate of a region pertains to an interaction between climate, topography, soil, and land use (Figure 2). The RUSLE model of predicting soil erosion in the Shatt Al-Arab basin was performed by incorporating all the factors that determine the erosion rates (ton ha−1 year−1).



3.1. Rainfall Erosivity Factor (R Factor)


Rainfall erosivity (R) is a function of rainfall’s ability to cause soil erosion by separating and moving soil particles. R calculation necessitates continual and thorough rainfall data [65]. R-factor computation is a complicated process that is highly dependent on the duration, amount, intensity, energy, and size of raindrops, as well as on precipitation pattern and subsequent runoff rates [66]. The rainfall intensity can be used to calculate rainfall erodibility [48,67]. However, determining the R-factor is a challenging task in most parts of the world due to the scarcity of high-resolution rainfall data [68]. Several studies conducted in Iran in sub-catchments within the Shatt Al-Arab basin used monthly and annual precipitation data, e.g., [26,27,69]. However, due to the lack of monthly precipitation data across the entire basin, we used an equation by [70] that required only annual precipitation data. This equation profitably generated compatible R results with the equation applied in the aforementioned studies, i.e., [26,27,69].


  R = 79 + 0.363 ×      X   a   



(2)




where Xa is the mean annual precipitation. The Climate Research Unit data (www.cru.uea.ac.uk/data accessed on 9 November 2020) was used to retrieve the annual precipitation of the study region from 2011 to 2018. We transformed the precipitation data to a raster layer in ArcGIS 10.4.1 using “Multidimensional Tools” and “Make NetCDF Raster Layer”. Using “Conversion Tools”, the raster layer was then converted to points. Finally, we used “Kriging”, a tool in “Spatial Analyst Tools”, to build the basin rainfall map using the acquired points [62].




3.2. Soil Erodibility Factor (K Factor)


Soil erodibility represents the intrinsic resistance of soil to erosion by rain and runoff, and it is a reflection of the interactions of physical and chemical features of soil that influence detachment, transportation, and infiltration capacity. The soil’s texture, structure, organic matter content, permeability, and its iron, aluminum, and salt concentration are among the most important determinants of erodibility [71]. The soil map of the basin was derived from the Geo Network Web Portal for Food and Agriculture Organization (FAO) Soil Map [72]. In addition, the SWAT Soil archive [73] was queried for soil types. The soils in the research region were categorized into seven textural categories, and the appropriate K value was determined using the table published by [74] (Table 1). The texture is a function of a soil’s grain size distribution.




3.3. Slope Length (L) and Slope Steepness (S) Factor (LS Factor)


The LS factor describes the impact of topography on erosion, which is directly proportionate to the slope’s length and gradient. The LS factor map was generated using the Digital Elevation Model (DEM) in the ArcGIS environment [6]. The terrain effects on erosion are assessed using the LS parameter, which is the product of slope length (L) and slope steepness (slope angle) (S). The escalating runoff accumulation towards the downslope increases the total soil erosion as the slope length (L) increases. Similarly, as the slope steepness rises, the runoff velocity and erosivity rise consequently [75,76]. Using ArcInfo, an ArcGIS Spatial analyst extension, the combined LS factor was calculated. The authors of [77,78] proposed the following equation, which was applied to a 30 m DEM cell size in the present study:


  LS =      Flow   Accumulation  ×  Cell   size    ÷ 22.13     0.4     ×   (  sin   slope  ÷ 0.896 )   1.3    



(3)




where LS equals the merged slope length and slope gradient factors; flow accumulation represents the cumulative upslope contributing region for a particular cell; cell size equals the size of the grid cell; and sine slope equals the sin of the slope angle in degrees. We used ArcGIS Spatial Analyst Plus together with the Arc hydro extension to estimate the flow accumulation and slope steepness from the DEM. The DEM data were retrieved from EARTHDATA Search [79] by defining the basin through the Advanced Spaceborne Thermal Emission and Reflection Radiometer (ASTER) DEM V003. Images of 30 m resolution were then downloaded from ASTER-DEM. We imported these images into



ArcGIS and mosaicked them using “Mosaic to New Raster”, a tool in “Data Management Tools”. After identifying the Universal Transverse Mercator (UTM) zone, the merged map was re-projected. Then, we applied “Fill Sinks” from Arc Hydro Tools > Terrain Processing > DEM Manipulation. Next, we selected “Flow Direction” and “Flow Accumulation” from “Terrain Processing” to obtain the flow accumulation. The slope was generated using the ArcGIS 10.4.1 tools Spatial Analyst Tools > Surface > Slope.




3.4. Cover and Management (C Factor)


The C factor describes how LULC types affect the soil loss rate [48]. Calculating the C factor values within the RUSLE method necessitates information regarding the soil management condition, the function of crops and canopies residues as a soil cover, soil moisture condition, and soil surface unevenness. However, evaluating any of these parameters is challenging due to many potential combinations and the paucity of data [66]. In accordance with [80,81,82], we used LULC classification for C factor determination in this study. The basin was classified into the appropriate LULC categories, and the C parameter was derived from the basin’s LULC map. Then, we converted the raster map to vector format to provide the equivalent C factor for each LULC type based upon a literature recommendation from [83] (Table 2).



We retrieved the LULC data from Earth Explorer’s land cover data [84]. The acquired images were imported into ERDAS IMAGINE 2014 for enhancement and processing. In ERDAS IMAGINE, we categorized the LULC using the supervised method. In the supervised method, polygons are selected, digitized, and placed in an “Area of Interest” layer to generate signature files. Multiple polygons were produced for a certain LULC class to give it a distinct class. The supervised categorization method is time-consuming, but it yields more overall accurate results than the unsupervised categorization method [85].




3.5. Conservation Support Practice Factor (P Factor)


The P factor quantifies the influence of conservation strategies, such as buffer belts of close-growing plants, contouring, and terracing on soil loss at a specific site. Adopting these supportive conservation practices reduces the P-value because they limit runoff volume and velocity and promote sediment deposition on the slope surface. In the literature, several tables and equations suggesting P values for the various supportive conservation actions have been documented [86,87,88,89]. In this study, the Wener approach [90,91] was used to compute the P factor, using the following formula:


  P = 0.2 + 0.03 ×    S   



(4)




where S denotes the slope grade (%).





4. Results and Discussion


4.1. Rainfall Erosivity Factor (R-Factor)


The average annual rainfall data were used to compute the rainfall erosivity (R factor). The latter varied from 79.36 to > 80.81 MJ mm ha−1 h−1 year−1. The prevailing pattern of the average annual rainfall in the study area displays the highest values in the northern portions and exhibits a southwards gradient towards the Gulf. Therefore, a high R factor is anticipated in the northern parts of the study area as R increases in such parts, while it decreases in the south (Figure 3). Specifically, the R factor of the study area has five classes: 79.36 to 79.73; 79.73 to 80.09; 80.09 to 80.45; 80.45 to 80.81; and >80.81 MJ mm ha−1 h−1 year−1 representing 23.5, 20.3, 11.8, 23.0, and 21.4% of the basin area, respectively.




4.2. Soil Erodibility Factor (K Factor)


Clay-rich soils have low K values due to their resistance to separation. Coarse-grained soils, such as sandy soil, have a low K level due to their low runoff potential, although being readily disintegrated. Medium-grained soils, such as loamy soils, have high K levels as they are more prone to disintegration and generate more runoff [64,92]. The research area’s K factor is divided into five categories. These categories are 0.67, 0.58, 0.45, 0.09, and 0.04 ton h MJ−1 mm−1 occupying 90.9, 0.6, 1.7, 5.3, and 1.6 of the basin’s area, respectively (Figure 4) The K factor was high in most parts of the basin where loamy soils were dominant (light blue color in the figure represents loam and clay loam soils). On the other hand, sandy and clayey soils that constitute only around 10 percent of the basin’s area exhibit low erodibility (green and red colors represent sand and loamy sand soils, respectively, while blue and yellow colors represent sandy clay and silty clay soils, respectively).




4.3. Slope Length (L) and Slope Steepness (S) (LS Factor)


The LS factor was calculated by considering the slope and flow accumulation as inputs, although it depends on slope more than on flow accumulation (Equation (3)). The lowest LS values occupy the low-lying southern lands, reflecting the slope effect on the LS outcomes. In contrast, the highest LS values are situated in the complex northern and eastern landforms of the study area with steep slopes [61] between the anticlines and synclines (Figure 5). The LS factor of the basin has five classes: 0 to 2; 2 to 10; 10 to 25; 25 to 50; and >50, representing 63.2, 21.2, 11.8, 2.9, and 0.9% of the basin’s area, respectively.




4.4. Cover and Management Factor (C Factor)


The study area’s primary land-use types are barren, cropland, and shrub land. Water/wetland and urban land use represent a small ratio of the land use categories in the basin. Based on the existing literature, the C factor values assigned to each LULC category were 0.5, 0.015, 0.65, 0.075, and 0 for bare land, shrub land, cropland, urban, and water/wetland, respectively (Figure 6). Cropland that prevails in the northern and middle parts of the basin has the highest C factor (i.e., 0.65). Likewise, bare land that extends over the southwestern parts of the study area has a high C factor (i.e., 0.50). Cropland, bare land, urban, shrub land, and water/wetland occupy 12.7, 50.5, 0.9, 35.1, and 0.7% of the basin’s area, respectively.




4.5. Conservation Support Practice Factor (P Factor)


The P factor is controlled by the terrain slope (Equation (4)). The overall slope pattern in the study area demonstrates the steepest slope in the northern and eastern parts and decreases towards the southwest [61]. Therefore, high P factor values are anticipated in the northern and eastern parts, and low values are in the southwestern parts of the basin (Figure 7). A P factor of 0.20 to 0.54; 0.54 to 1.22; 1.22 to 2.04; 2.04 to 3.33; and 3.33 to 17.56 represents 50.9, 26.9, 15.1, 6.1, and 0.9% of the basin’s area, respectively.




4.6. Estimation of Potential Soil Erosion


Rainfall erosivity, slope length and steepness, soil erodibility, land cover management, and soil conservation represent the main erosion contributors. Figure 3, Figure 4, Figure 5, Figure 6 and Figure 7 illustrate the results of the modeling of these factors. The modeling of rainfall erosivity reveals that the higher the rainfall intensity, the higher its erosion potential. The soil erodibility parameter, which indicates both the soil’s vulnerability to erosion and the rate of runoff, demonstrate that the least transport-resistant soils that generate large runoff had the highest values for K parameter. Modeling the slope’s length and gradient reveal that the steeper the slope, the larger the runoff velocities and, thus, the greater the erosion. Similarly, slope improves the conservation support practice parameter, and thus erosion. The cover and management component that indicates how various LULC types affect soil loss rates [48] reveal that farmland and bare land have the greatest values, while shrub land and urban land use have the lowest. Although all five RUSLE parameters influence the ultimate soil erosion rate, these parameters have a different impact on the erosion rate in the current study. The analyses in this study reveal that such parameters vary in different magnitude. For example, P-parameter, LS-parameter, C-parameter, K-parameter, and R-parameter vary by a factor of 85, 50, 43, 17, and 3.3, respectively (Figure 3, Figure 4, Figure 5, Figure 6 and Figure 7), indicating that these parameters affect erosion rates in the same order. As a result of the final soil loss model, Figure 8 shows the annual erosion map of the study area, which helps to identify the areas that are prone to soil erosion. The annual global average erosion rate is 2.2 tons per hectare [93]. The annual erosion rates in this study in tons per hectare were extremely high (more than 50); very high (50 to 16.5); high (16.5 to 2.2); medium (2.2 to 1); and low (1 to 0), representing 16, 4, 13, 7, and 60 % of the basin area, respectively. The high soil loss rates are linked to areas of high rainfall levels, loamy soil domination, elevated terrains/plateau margins with a steep side slope, and high cultivation activities. Clearly, the upstream parts of the basin represent areas of high soil erosion potential. Thus, the current study’s results may aid in decision-making for improved land conservation and soil management. Public agencies should take the necessary measures to mitigate the influence of these influencing parameters.





5. Conclusions


This study uses the empirical soil erosion model RUSLE in conjunction with RS and GIS to calculate soil loss rates in the Shatt Al-Arab basin. This soil erosion model was selected because it is straightforward, physically easy to decipher, needs fewer datasets, and can be created using accessible inputs. The RS, GIS, and RUSLE empirical model generated a quantitative assessment of soil losses, which was used to categorize the basin area into six soil erosion risk categories. Extremely high to high soil loss of >50 to 2.2 tons per hectare per year accounts for about 33 percent of the basin’s area, while intermediate and low soil loss of less than 2.2 tons per hectare per year comprises the rest of the basin. The erosion elements affecting soil loss, such as high rainfall levels, loamy soil dominance, elevated terrains/plateau borders with a steep side slope, and high agriculture activities, would promote the high soil loss amount. It was determined that the most severely degraded areas are generally situated in the upstream parts of the investigated basin. In contrast, the slightly deteriorated areas are situated in the watershed’s downstream parts. Although the downstream parts of the basin have a limited potential for soil erosion, materials eroded from the upstream parts may collect in the river’s lower reaches. This is particularly true for Shatt Al-Arab, where high sedimentation levels in Basra Governorate, situated in the lower reaches of Shatt Al-Arab, recurrently obstruct drainage regimes [14] and, hence, exacerbate floods. Thus, identifying the most influential factors that govern soil erosion is essential to deal with the problem. Positive measures to combat soil erosion can include changing slopes into terraces, improving slope protection, and increasing plant covering. These measures would assist in improving the fragmentation of erosion patches, reducing the erosive force of surface runoff, and reducing the scale impact of erosion. Finally, the results would aid in implementing appropriate erosion preventive actions in badly impacted locations. The study’s findings may aid in developing management scenarios and supplying policymakers with solutions for the most efficient policies of soil erosion threats and the prioritizing of basin areas for remediation.
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Figure 1. Study site. Note. From “GIS-based Multi-Criteria Analysis for Flood Prone Areas Mapping in the Trans-boundary Shatt Al-Arab Basin, Iraq–Iran” [62]. 
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Figure 2. Flowchart of data processing for RUSLE model. 
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Figure 3. Spatial distribution of R factor in the study area. 
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Figure 4. Spatial distribution of K factor in the study area. 
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Figure 5. Spatial distribution of LS factor in the study area. 
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Figure 6. Spatial distribution of C factor in the study area. 
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Figure 7. Spatial distribution of P factor in the study area. 
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Figure 8. Soil erosion rate distribution in the Shatt Al-Arab basin. 
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Table 1. Soil features and the corresponding K factor.
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	Textural Class
	K Factor (ton/Hectare)





	Clay
	0.49



	Clay loam
	0.60



	Loam
	0.67



	Loamy sand
	0.09



	Sand
	0.04



	Sandy clay
	0.45



	Silty clay
	0.58
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Table 2. The C factor for different land use land cover (LULC) classes.
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	LULC
	C Factor Range
	Mean





	Shrubland
	0.01–0.02
	0.015



	Urban
	0.05–0.1
	0.075



	Crops
	0.3–1
	0.65



	Barren
	0.4–0.6
	0.5



	Water/Wetland
	0
	0
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