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Abstract: The empirical soil loss model, RUSLE, was used with conjunction of remotely sensed data
and geographic information system technology to delineate the soil erosion and watershed priori-
ties in terms of conservation practices at seven boundary sub-watersheds (labeled as SW-00, SW-01,
..., SW-06) between Iraq and Iran at Ali Al-Gharbi area, southern Iraq. The six factors of the RUSLE
model, ie. the rainfall erosivity, the soil erodibility, the slope steepness length, the crop management,
and management practice, were calculated or estimated using information from different data
sources such as remotely sensed data and previous studies. Finding showed that the annual soil
erosion loss ranges from 0 - 1890 (tons h-1 y-1) with an average of 0.66 (tons h-1 y-1). Values of soil
erosion were classified into five classes: very low, low, moderate, high, and very high. The potential
soil loss in the high and very high classes ranges from 14.84 to 1890 (tons h-1 y-1), and these classes
occupy only 27 km2 of the study area, indicating that the soil loss is very low in the area being
examined. In terms of the spatial distribution of soil loss, the northern and northeastern parts
(mountains and hills) of the sub-watersheds where the slope is steeper are more likely to erode than
the plain area in the southern and southeastern portions, indicating that slope, in addition to rainfall
erosivity, has a dominant effect on the soil erosion rate. The study of soil erosion in the watersheds
under consideration reveals that only the northern portions of the SW-00, SW-02, and SW-04 water-
sheds require high priority conservation plans; however, these portions are primarily located in
mountain regions, making conservation plans implementation in these areas impractical. Due to
low soil loss, other sub-watersheds, particularly SW-01, SW-03, SW-05, and SW-06, are given low
priority.
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1. Introduction

Watersheds are globally facing significant environmental challenges like extreme cli-
mate changes, droughts, floods, and intensive agriculture practices that cause soil erosion.
The impact of all these challenges deteriorates the soil and water quality of the watershed,
on which the sustainability and productivity of the watershed depend. Environmental
processes in a watershed are all interdependent where the change in one can influence the
other. The process of soil erosion is the detachment and transport of soil particles due to
erosion forces. The forces of erosion may be caused by wind, ice, or water, such as raindrops
or surface runoff [1-4].In addition to reducing soil fertility and soil degradation, soil ero-
sion has a negative influence on the sustainability and productivity of agricultural areas
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[5,6]. A decrease in soil fertility is also a consequence of soil erosion, which has caused water
quality problems and a threat to sustainable agriculture [7].

Prioritizing watersheds is a procedure for identifying environmentally stressed sub-
watersheds to take action for soil conservation. The process of prioritizing a watershed
involves ranking different micro-watersheds in order of their treatment with suitable soil
conservation measures [8]. Therefore, prioritizing sub watersheds will help in their effi-
cient adoption and allocation resources on the priority basis [9]. The degradation of land
is not the only consequence of erosion; it also directly impacts watershed health by affect-
ing quality and quantity of water. By carrying the loose soil with it, water causes erosion,
reducing the storage capacity and life of reservoirs and dams [10] and directly effects wa-
tershed health.

To quantify soil erosion many empirical models suitable for ungagged basins were de-
veloped in the past. For instance, soil erosion models such as the Soil and Water Assessment
Tool (SWAT) [11], EROSION 3D [12], universal soil loss equation (USLE)[13] or its revised
version (RUSLE)[14] have been broadly applied around the world.

In recent years, the integration of RUSLE model with geospatial modeling, geographic
information systems, and satellite imagery data has led to its widespread use in assessing soil
erosion on a regional scale in a cost-effective and accurate manner [15-19].

On the basis of the results of its simplified structure and ease of incorporating pa-
rameters, The RUSLE model was applied by many researchers to estimate the most vul-
nerable zones that can be potential sources of sediments and estimate volumes of the sed-
iments load for any basin [20-24]. For instance, this technique has been conducted to pre-
dict soil erosion by combining and extracting some parameters of the RUSLE model with
Google Earth Engine[25]. Alternatively, other studies have been conducted to evaluate soil
erosion loss in different regions by utilizing remote sensing (RS) and Geographical Infor-
mation System (GIS) techniques besides using the empirical soil erosion model [26,27]. Soil
erosion models will provide useful information including soil erosion evaluation and moni-
toring for any wide area [28-30]. Therefore, the quality of the outputs for the models is
variable depending on the difference in the computational approaches and the number of
required inputs.

Given the economic significance of the Ali Al-Gharbi, northern Mayan Governorate,
southern Iraq as a promising agricultural region and the likelihood of land degradation due
to natural (soil erosion) and anthropogenic factors, this study area necessitates comprehen-
sive studies to establish management practices and determine the priorities of the water-
sheds. Therefore, in this study, seven transboundary (between Iraq and Iran) sub-watersheds
(transboundary sub-watersheds) were assessed to priority watersheds in terms of soil ero-
sion using RULSE model. The results of RULSE model were used a guide to initiate conserva-
tion plans in the study area to protect land and agricultural areas. The spatiotemporal vari-
ation of soil erosion for the four years 2017, 2018, 2019, and 2020 were evaluated to deter-
mine how the temporal variation of soil erosion as a result of rainfall and LULC variation
over the basin may influence watershed priority.

2. Materials and Methods
2.1. The study area

The seven sub-watersheds are located between Iraq and Iran and cover an area of
approximately 3770 km?, (Figure 1). The main watershed spans a large portion of western
Iran (Ilam province) and northeastern Maysan Governorate in Iraq. The study area con-
tains several relatively large valleys as well as numerous smaller ones. The majority of
these valleys, which flow eastward towards Iraq, are found in western Iran. The catch-
ment area in Iraq is mostly flat land with elevations ranging from 25 meters at the south-
east end to 400 meters at the international border. The Iranian portion of the basin, on the
other hand, is comprised of high lands with elevations exceeding 2500 meters. The major-
ity of it is made up of hills and mountains, and the highest points of the mountains mark
the division of the catchment area [31].
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Figure 1. Location of the study area.

Subtropical desert climate (Koppen-Geiger type BWh) predominates in the water-
shed's Iraqi portion, and hot semi-arid climate (Koppen-Geiger type BSh) predominates
in the watershed's Iranian portion. The average yearly temperature for Ali Al-Gharbi is
30.79 °C, which is 4.02 percent higher than the national average for Iraq. There are 32.41
rainy days on average each year, with annual precipitation totaling 16.85 mm. The sub-
northern most watershed's region, Dehloran in Iran, experiences daytime highs of 19°C
and nighttime lows of 11°C. 20.48 mm of rain falls on average each year, and the humidity
level is very close to 41%. According to the digital soil map of the world [32], the three
main soil types in the study area are clay loam, loam, and sand, (Figure 2). For clay loam,
loam, and sand, respectively, the three textures occupy 1257 km? (33%), 2090 km? (55%),
and 423 km? (11%) of total land area. The soil is highly permeable, resulting in high infil-
tration rates and low runoff, according to the distribution of loam and sand textures that
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belong to the B and A hydrological groups. The study area's northern and eastern portions
are covered in loam and sandy soils, while the middle and majority of the southern part
are covered in clayey loam, suggesting that these regions are likely to experience runoff
and flooding and thus it more vulnerable to soil loss.
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Figure 2. Soil texture map.

The Mesopotamian Foredeep basin and a small portion of the Zagros Fold belt oc-
cupy the Iraqi portion of the research area, whereas the Zagros Fold Belt encompasses the
Iranian territory (Figure 2). The Mesopotamian Foredeep basin is an elongated epiconti-
nental basin that formed over an earlier continental or migration basin [33]. It has buried
structures such as folds, faults, and diapiric structures. The Zagros fold belt is a zone of
deformed crustal rocks formed by the collision of the Arabian margin and the Eurasian
plate following the closure of the Neo- Tethys Ocean during the Tertiary [34,35].

2.2. Techniques and data used

A wide selection of data was acquired from different sources as listed in Table 1.
These include a digital elevation model (DEM) at 30 m resolution, crop management fac-
tor (C), Erosivity Database, land use, soil, as well as meteorological data. The geopro-
cessing tools within ArcGIS 10.8.1 software were applied to resample and calculate slope
using elevation data with resolution (30 m x 30 m) of all original data.

Table 1. List of data used in the current study.
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Spatial

. Source
Resolution

Type of Data

Digital Elevation Model

(DEM) 30 m x 30 m USGS. http://earthexplorer.usgs.gov/

http://www.omafra.gov.on.ca/english/en
gineer/facts/12-051.htm
European Soil Data Center (ESDAC)
(https://esdac.jrc.ec.europa.eu/content/glo
bal-rainfall-erosivity#tabs-0- des criptio
n=1)
Sentinel-2 10m Land Use/Land Cover
Time Series

Crop Management Factor (C)  10m x 10m

Erosivity Database 1 km x 1Km

Land Use/Land Cover

(LULC) 10m x 10m  https://www.arcgis.com/apps/mapviewer

/index.htmI?layers=d3da5dd386d140cf93f
9ecbf8dabe31
Sanchez et al., 2009;
Soil Vector unit https://www.fao.org/soils-portal/data-

hub/soil-maps-and-databases/en/
Meteorological Data Weather station NOAA, http://gis.ncdc.noaa.gov/

3. Results

Water erosion occurs when soil particles are detachment, transported, and deposited.
Raindrops impacting the surface and water flowing over it are the major forces affecting
water erosion. The factors affecting erosion can be calculated by using Equation (1) [36]:

E = f(C,S,T,SS, M) (1)

where E means erosion, C is climate, S is soil properties, T is topography, SS is soil
surface conditions, and M is human activities.
RUSL is a function relationship expressed by Equation (2) [13]:

A=R-K-LS-C-P @)

where A is the average annual soil loss (tons ha year), R is the rainfall erosivity (M]
mm ha' h' year), K is the soil erodibility factor (tons ha", h”, M] mm), LS is the slope
length-steepness factor (dimensionless), C is the cropping management factor (dimension-
less), and P is the practice support factor (dimensionless).

RUSLE equation aims to guide conservation planning by providing methodical
guidelines. With the aid of the equation, the planner is capable of predicting the average
rate of soil erosion on any given site for every possible combination of cropping systems,
management strategies, and erosion control measures.

3.1. Rainfall erosivity (R)

Basically, R is a measure of how much erosion, rain could cause. R is the most crucial
component for calculating erosion with RUSLE, according to a number of studies [13,37-
38] and has a strong correlation with soil loss at many rain-station locations throughout
the globe. It defined as product of the maximum intensity of rainfall over a 30 minutes
and the kinetic energy of rainfall storm event [13]:

1 n
R=1> ) (Eho) Q)
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where 7 is the number of years included in the analysis, m; is the number of erosive
events during year j, and Elzo (MJ mm ha-1 h-1) is the R for event k.
For a particular event, erosivity is calculated as follows:

Elzy = (i ér: Ur) RED 4)

r=1

where e, is the kinetic energy per unit of rainfall (MJ ha! mm™); v, is the rainfall
depth (mm) for the hydrograph’s time interval 7; r is subdivide into m subintervals; I3 is
the maximum rainfall intensity for a 30-minute timeframe.

In ungagged watersheds such as the considered study area, Equations (3 and 4) re-
quire information rarely found. Therefore, in this study, the Global Rainfall Erosivity Da-
tabase (GloREDa) [39] was used to map the R in the unit of (M] mm ha h' yr) over the
study area. Approximately 3625 stations from 63 countries are included in the GloREDa
to estimate the erosivity values as R-factors.

The global erosivity map of GeoTIFF format type at ~ 1 km spatial resolution is avail-
able for free download in the European Soil Data Center (ESDAC) (https://esdac.jrc.ec.eu-
ropa.eu/content/global-rainfall-erosivity#tabs-0- des criptio n=1).

To obtain the spatial distribution of R in the study area, the global raster map of R
was first downloaded from the previous website after completing a request form, and
then extracted with a mask of the study area, reprojected, and then resample to 30m res-
olution in ArcMap 10.8.1 software.

3.2. Soil erodibility (K)

Basically, K is the degree to which a soil is erodible by raindrops and runoff. It is the
product of susceptibility of soil particles to erosion per unit of rain erosivity factor (R) for
a specified soil on a unit plot, which is defined as a 22.13 m length of uniform 9% slope
continuously in clean-tiled fallow [40]. Although soil texture is the main factor affecting
K, organic matter, structure, and permeability are also important. The typical values of K
are between 0.02 to 0.69 (tons ha, h'', M] mm-). The K factor for the study area was esti-
mated using the FAO global soil map [32] and its database in addition to the table pro-
vided by Roose (1996)[41], (Table 2).

3.3. Topographic factor

Topographic factors LS consists of slope length (L) and slope steepness (S). L, which
is the ratio of soil loss from the field slope length to that from a 22.1m length of the same
soil type and gradient, is used to represent the influence of slope length on erosion [42]. It
denotes the distance from the source of overland flow to the point of concentration or
deposition. Due to the gradual accumulation of runoff downslope with increasing L, ero-
sion increases. S, on the other hand, represents erosion due to slope steepness. It is defined
as the ratio of soil loss caused by the field gradient to that caused by a 9% slope under
otherwise similar circumstances [43]. It is more rapid for soil loss to increase with slope
steepness than with slope length.

The easiest way to calculate LS is through using DEM and hydrologic analysis. The
following equations were used to calculate L, S, and LS [42]:

L = [(FA X raster cell size)/22.13]™ (5)
S = [(sinf x 0.01745)/0.09]" (6)

LS = (L x S)/100 )
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where FA is flow accumulation layers produced by hydrologic analysis, cell size rep-
resents the DEM cell size, m ranges from 0.2-0.6, § is slope angle in %, and n ranges from
1.0-1.3.

Table 2. Estimating K based on soil texture and organic material content [41].

Textural class Soil composition Mean K (based on % organic material)

Sand Silt Clay Unknown <2% 2>2%

Clay 0-45 0-40 40-100 0.22 0.24 0.21
Sandy Clay 45-65 0-20 35-55 0.20 0.20 0.200
Silty Clay 0-20 40-60 40-60 0.26 0.27 0.26
Sand 68-100 0-14 0-10 0.02 0.03 0.01
Sandy Loam 50-70 0-50 0-20 0.13 0.14 0.12
Clay Loam 20-45 15-52 27-40 0.30 0.33 0.28
Loam 23-52 28-50 7-27 0.30 0.34 0.26
Loamy San 70-86 0-30 0-15 0.04 0.05 0.04
Sandy Clay Loam 45-80 0-28 20-35 0.20 0.20 0.20
Silty Clay Loam  0-20 40-73 27-40 0.32 0.35 0.30
Silt 0-20 88-100 0-12 0.38 0.41 0.37

Silty Loam 20-50 74-88 0-27 0.38 0.41 0.37

Note: the table in the FAO soil database accounts for % organic matter (OM), not just organic carbon
(OCQ). The value of OC should be multiplied by 1.72 to get OM.

3.4. Crop management factor (C)

C factor refers to the ratio of soil loss from cultivated land compared to fallow, clean-
tilled land in specified conditions [40,44]. The C factor will indicate how the conservation
plan will contribute to soil loss and how that soil loss might be distributed over time. This
factor describes the impact of vegetation and erosion control practices on soil loss. Its
value ranges from 0 in water bodies to slightly greater than 1 in bare land [45]. In the
present study, the C factor values have been assigned from already available studies such
as USLE fact sheet (http://www. omafra.gov.on.ca/english/engineer/facts/12-051.htm),
U.N, Food and Agriculture Organization (http://www.fao. org/docrep /T1765E/ t1765e0
c.htm), and RUSLE handbook[46]. Table 3 shows the typical values C factor for the LULC
derived from ESRI 10m sentinel data.

Table 3. LULC derived from ESRI 10m sentinel data and associated C values.

LULC class number Class name C value

1 Water 0

2 Trees 0.025
4 Flooded Vegetation 1

5 Crops 0.05

7 Build Area 1

8 Bare Ground 1

9 Snow/ice 0

10 Clouds 0

11 Rangeland 0.4

3.5. Practice support factor (P)

The ratio of soil loss at a site caused by surface conditions to soil loss from uphill
and downbhill cultivation is known as the P factor [40]. The lower the P value, the more
effective the conservation measure at reducing soil erosion is thought to be. The P factor
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value is set to 1 for the entire study region because no data on management practices for
the relevant area is available.

4. Discussion

The calculated rainfall erosivity (R) values range 184 — 423 with an average of 626
(MJ] mm ha h' yr). Spatially, rainfall erosivity (R) increases from southwest toward
northeast as shown in Figure 3. The low and moderate R values are distributed in the Iraqi
portions of watersheds, whereas the high and very high R values are located in the Iranian
mountain parts of watersheds. Specifically, the R factor strongly correlates with the de-
creasing trend of elevation and rainfall in the northern and eastern parts of the study area
[47] . For each soil mapping unit, SNUM is a sequential number linking soil information
at the first level to the expansion file, the sequence of a sequential code ranges from 1 to
6,999, some numbers have not been used.

As illustrated in Table 4, the estimated soil erodibility (K factor) values for the study
area range 0.04 to 0.33 with an average of 0.22 (tons ha'h' M] mm). The spatial distribu-
tion of K'in the study area is depicted in Figure 3, from which it can be concluded that low
values of K are distributed in the study area's center, while moderate and high values are
concentrated in the northern and southern parts of the considered watersheds. Conse-
quently, the middle parts of the study area are less likely to experience erosion than the
rest of the study area. Therefore, K factor values reflect a compound relationship between
soil physical properties and their impact on increasing soil erosion [48-50]. The type of
DEM used to generate LS factor for the purpose of this study was SRTM with a spatial
resolution of 30m. Based on the generated LS factor rater layer for the study area (Figure
4), it can be said that the northern regions of the study area are more vulnerable to soil
erosion. However, soil erosion increases due to the gradual accumulation
of runoff downslope with increasing slope length [51,52]. According to the calculated LS
values, the study area is less prone to soil erosion except where the slopes are high in the
mountains and hills. The C values for four node years (2017, 2018, 2019, and 2020) were
mapped using Table 3 to show how the LULC variation affects the distribution of C over
the study area (Figure 5). The C value range of (0.83 -1) decreases as the years proceed,
and lowest spatial extension of this range was found in the years 2019 and 2020 due to the
dominance of the rangeland (shrub) class over bare ground and crop LULC classes. In
many cases, the potential erosion of rangeland is changed with time due to either partic-
ular management practices or natural cyclic impacts like growth during winter and spring
[53,54].

To map soil erosion for the four node years, the raster calculator of ArcGIS 10.8.1 was
used. The calculated soil erosion in (tons h' y7) for the four node years were classified
into five classes using natural break classification scheme[55]: very low, low, moderate,
high, and very high. The natural breaks scheme is a data clustering method that deter-
mines the best classification of values by minimizing each class's average deviation from
the class mean while maximizing each class's deviation from the means of the other
groups. Based on the RUSLE model, the maximum yearly soil loss was estimated to be
1890 (tons h'' y), for all node years, as shown in the results (Figure 6). In spite of the minor
changes in C and the dominance of rangeland in the years 2019 and 2020 over bare ground
and crop classes, soil loss remains the same and within the range 0 - 1890 (tons h!y).
There was potential loss in two classes ranges from 14.84 to 1890 (tons h1y), and these
classes occupy only 27 km? of the study area which indicates that the soil loss is very low
in the area being examined. There is the highest risk for soil loss in the northern portion
of the study area, because of the steep slopes. The high slope areas of the study area erode
significantly more rapidly than the level areas in the southern part[56,57], and this may
explain why soil erosion is relatively high there.

The study of soil erosion in the considered watersheds reveals that only the northern
portions of the SW-00, SW-02, and SW-04 watersheds require high priority conservation
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plans; however, these portions are primarily located in mountain regions, making imple-
mentation of conservation plans in these areas impractical. Other sub-watersheds, partic-
ularly SW-01, SW-03, SW-05, and SW-06, are given low priority due to low soil loss.
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Figure 3. Map of rainfall erosivity in (M] mm ha? h' yr?).
Table 4. K values for the study area.
. Soil composition
Soil texture SNUM ; OM K
Sand Silt Clay
Loam 3122 40 39 21 2.01 0.26
Clay 3136 37 46 17 5.40 0.21
Clay 3254 18 61 21 60.66 0.21
Loamy Sand 3529 86 10 4 3.38 0.04
Clay Loam 3554 40 39 21 2.01 0.28
Clay 3627 26 63 11 1.97 0.33

Clay 3634 37 46 17 5.40 0.21
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Figure 5. LS factor (dimensionless) map.
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4. Conclusions

This study demonstrated the use of RULSE soil loss model in conjunction with RS
and GIS technologies to estimate the potential of soil erosion and priorities of transbound-
ary of sub-watersheds at Northeastern Maysan Governorate, southern Iraq in terms of
erosion conservation practices. The effects of changing LULS on erosion loss were also
investigated. Results of the soil loss model indicate that the annual average loss range 0 -
1890 (tons h-!y1). The amount of soil spatially varies significantly, with the northern and
northeastern parts of sub-watersheds inside the Iranian land (the mountain and steep
slope areas) is more prone to erosion than the plain southern and southwestern areas at
the Iraqi land. Additionally, results confirmed that the northern portions of the SW-00,
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SW-02, and SW-04 watersheds require high priority conservation plans; however, these
portions are primarily located in mountainous areas, making it difficult to implement con-
servation plans there. Due to low soil loss, other sub-watersheds, like SW-01, SW-03, SW-
05, and SW-06, are given a low priority. Findings of this study also show that R and LS
were the more soil loss model factors affecting soil erosion than other components.

It is suggested that future work include a more appropriate P factor and use more
advanced and high-resolution satellite imagery to reveal vegetation cover across the study
area, which is a critical component to preventing soil loss and watershed priority against
erosion. Additionally, the final soil loss model should include gully erosion type to correct
spatially zone soil loss and suggest right conversation plans.
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