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In this study, a hydrological model and a statistical weather generation model were used
to estimate future surface runoff and generate future weather elements for the Higlan
Valley, located in the desert of the Iragi western region. Using the climate model
(LARS.WG), the weather data for the past ten years were used to generate weather data
for the following ten years. The results of this model showed that maximum
precipitation occurs in January, March, and December each year. These data were used
as input weather data for the hydrological model: Soil and Water Assessment Tool
(SWAT). Delineation of the watershed performed in the SWAT modelling yielded 17
sub-basins and 78 hydrological response units. This model simulates data representing
the expected surface runoff for the next ten years for Higlan Valley, which reaches
directly towards the Euphrates River at an outflow location (15 km downstream) from
d/s of Hadith dam as an additional amount of water in the rainy season. The simulation
results from the SWAT simulation showed that maximum runoff occurs in January
(2029) at 12.3 mm, November (2031) at 15.1 mm, and December (2030) at 13.2 mm in
the winter season, and March (2034) at 14.7 mm, and April (2028) at 22.8 mm in the
spring season. The runoff occurs at a rate of two to four times annually. Estimating the
amount of future surface runoff for Higlan Valley is necessary for planning and
managing the water resources of the Euphrates River basin, which has been suffering

from a recent shortage of water supplies in recent years.

1. INTRODUCTION

The world, including the Middle East has been significantly
impacted by climate change, with the water resources sector
being particularly vulnerable, and Iraq is one of the countries
in the region that has been notably affected which has caused
a lack of water inflows of the Euphrates River reaching the
Iraqi Syrian border, coupled with an increasing demand for
water for various purposes, particularly irrigation. Thus,
investigating alternative water resources, such as water
flowing into rivers from valleys, to assess their quantities and
potential utilization, becomes essential. The surface runoff or
overland flow is a flow of water over the ground surface that
occurs when excess rainwater, stormwater, and meltwater can
no longer sufficiently infiltrate the soil, and when the soil is
fully saturated. In addition, the surface runoff usually occurs
because the impervious areas do not allow water to infiltrate
into the soil. The Soil and Water Assessment Tool (SWAT)
model can be considered one of the most efficient hydrological
models for evaluating and estimating the surface runoff caused
by rainfall. This model uses the Geographic Information
Systems (GIS) tools for remote sensing, and the information
that can be merged with the observed database to assess and
estimate the quantity of surface runoff in the objective
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watersheds, which might help in the management and planning
of water conservation measures [1, 2]. Usually, watersheds
contain so-called hydrologic units bound within topographic
features that allow the water to flow as surface runoff from the
highest to the lowest earth's surface due to the rain's interaction
and the land surface [3]. For sustainability, it is crucial to
simulate the surface runoff and measure a hydrological
parameter from all parts of the catchment area using modern
models [4, 5] such as the SWAT model. Also, climate change
affects rainfall and temperature, which affects the quantity of
surface runoff that makes it extreme, especially in the arid and
semi-arid regions [6, 7]. Mohammed and Hassan [8] examined
climate change impact in southern Iraq using the LARS.WG
model. The model simulation was based on two emission
scenarios. The results showed that the annual minimum and
maximum temperatures were increased in all locations
investigated by approximately 6°C at the end of the century.
In contrast, precipitation projection results demonstrated a
declining trend in the same study area examined.

Hassan et al. [9] studied the impact of climate change using
the LARS.WG model in the western and middle of Iraq.
Weather parameters downscaled, including daily minimum
temperature, maximum temperature, and precipitation for
future scenarios by the model. The results showed that the
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average minimum and maximum temperatures were raised by
approximately 0.94 to 4.98°C at the end of the century in all
analyzed locations.

Al-Kubaisi and Al-Kubaisi [10] examined the water balance
of the Kubaisa Basin in the Western Iraqi Desert by employing
the SWAT model. Water discharge simulations and the
variables influencing them, which were used as a basis of the
study investigation over the period of 1990-2023. The study's
findings show that the distribution of water in the Kubaisa
Basin, including the amounts of surface water, groundwater,
and discharges, was estimated during the study period.
Moreover, climatic data results revealed an increased trend for
the total rainfall and temperature; however, the trend lines for
wind speed decreased in the same simulated period.

Thus, the use of climate generation models is vital. The
climate model (LARS.WGQ) is one of these models and is used
in this study to generate weather elements such as rainfall and
temperatures for future periods in the study area. In this
research, SWAT and LARS.WG models were coupled to
investigate the impact of climate change in one of the valleys
located on the right side of the Euphrates River in the Iraqi

desert area. This study aims to expect and estimate the amount
of future surface runoff in Higlan valley for the next ten years
under the effects of climate change, which flows directly to the
Euphrates River. These additional amounts of water contribute
to enhancing the river's supply to meet various requirements.

2. METHODOLOGY
2.1 Study area

The study area represents Higlan Valley, located in the
desert of the Iraqi western region in Al-Anbar city. The area
of this valley is about 336.27 km?. Minimum elevation 108 m
and maximum elevation 318 m. In rainy seasons, Hiqlan
Valley discharges the runoff that collected in its watershed to
the Euphrates River at the outflow point located in Haqlania
District at a distance of 15 km downstream of Haditha Dam in
coordinates 42.3680 E Longitude and 34.0880 N Latitude. The
location of the valley outflow is shown in Figure 1.
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Figure 1. Location of outflow for Higlan Valley

2.2 Model description

2.2.1 LARS.WG model

The climate model LARS.WG is a weather generator model
that is widely used in climate studies and hydrological
modeling. Tools in this model are used to simulate synthetic
weather data with one site under previous and future
conditions and to permit the users to generate a long time
series of both daily and monthly weather variables [11, 12] and
make the correlation between them for approximation of the
probability distributions of both wet and dry series of daily.
LARS.WG model was used in this study, and the following
features describe this model [13].

(1). The nature of stochasticc The LARS.WG model
depends on a stochastic basis in its operation and uses
randomness for the generation of weather data.

(2). The parameterization: The model requires input
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weather data, which is typically collected from sit weathering
stations. These parameters influence the characteristics of the
generated synthetic weather data.

2.2.2 SWAT model

The Rainfall-Runoff model (SWAT), which is called the
"Soil and Water Assessment Tool," represents the
hydrological model as a catchment, basin, or scale model and
a physical model developed by "the Agricultural Research
Servicers" (USDA-ARS) [12]. The SWAT-simulating process
could be divided into two main parts (land and water surface).
Several data inputs in model operation are required, such as
digital elevation model, weather data, soil classification,
vegetation, the land cover changes that occur in the
watersheds, and the land use map [14, 15].

The purpose of using the SWAT model is to predict the
effect of land practices management on the surface water,



sediment, and the yields of agricultural chemicals for long-
term periods within a wide ungauged watershed [16]. The sub-
watersheds are divided in the process of watershed delineation
into several hydrological response units (HRU) to improve the
simulation accuracy [17]. The SWAT model is one of the most
suitable models for basin studies and is widely used in dealing
with many hydrological and environmental problems. This
model is used to simulate and predict the surface runoff as
volume or depth. The model can be described by the following
features:

(1). Inputting weather data: These data, including rain,
temperature, and radiation, are required for operating the
model [18]. These input data can be from previous or future
periods. For the integration of using both LARS.WG with
SWAT models, the results of weather data may be used as
inputs for hydrological simulations. These models could
simulate the impacts of the synthetic climate scenarios on the
water resources and runoff, which are divided into HRUs.

(2). Soil properties: The SWAT model considers the soil
properties such as texture, depth, and water retention
characteristics to simulate the soil-water interactions.

(3). Land Use - Land Cover (LULC): The SWAT model
incorporates the land cover with land use data to represent the
distribution of the different land uses within the watershed
[19]. In addition, simulates changes in both Land use and

management practices.

(4). Simulating the surface runoff: The SWAT model can
simulate and predict the surface runoff as volume and depth,
the quantity of water out from the watershed basin through the
outflow point to the nearest stream [20, 21].

3. MODEL INPUT DATA
3.1 Climate model input data

The weather data, such as precipitation and temperature for
the last ten years, were collected from the Iraqi Meteorological
Organization and Seismology, which are listed in Tables 1-3.
Also, the Haditha weather station data, such as latitude (34.35°
N), longitude (42.0° E), and altitude (140 m. a.m.s.l). These
data are used in the climate model (LARS.WG) for the
generation of future weather data.

The weather data is used by the climate model for
generating the future weather data that is used by the
hydrological model as input data for simulating and predicting
the future surface runoff for Higlan Valley resulting from
rainfall in Iraqi western, which directly reaches the Euphrates
River.

Table 1. Monthly precipitation (mm) - period (2014-2023)

Year Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec.
2014 573 10.1 2.6 11.6 1.7 0.0 0.0 0.0 0.0 2.3 8.6 6.4
2015 9.8 11.3 14.4 53 1.7 0.0 0.0 0.0 0.0 7.5 46.2 234
2016 1.7 36.3 21.3 9.3 0.0 0.0 0.0 0.0 0.0 0.0 1.2 36.1
2017 4.2 11.2 2.6 19.4 55 0.0 0.0 0.0 0.0 1.1 1.3 10.4
2018 2.8 5.9 1.5 7.5 9.4 0.0 0.0 0.0 0.0 33 12.4 342
2019 15.1 54 62.5 13.2 12.1 0.0 0.0 0.0 0.0 2.6 2.4 259
2020 12.4 8.3 38.4 1.6 3.9 0.0 0.0 0.0 0.0 0.00 8.1 1.1
2021 11.3 20.2 5.7 0.0 0.0 0.0 0.0 0.0 0.0 1.3 12.2 2.2
2022 12.2 17.1 6.7 0.0 3.7 0.0 0.0 0.0 0.0 1.8 16.5 15.4
2023 27.3 1.6 28.4 14.6 3.1 0.0 0.0 0.0 0.0 1.4 18.3 16.1
Table 2. Average maximum monthly temperature (°C) - period (2014-2023)
Year Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec.
2014 16 20 27 32 38 42 44 45 40 32 23 19
2015 17 21 25 29 38 41 46 45 43 34 22 17
2016 16 22 27 32 37 42 45 47 40 35 25 15
2017 15 18 24 30 38 43 47 47 43 34 25 20
2018 18 21 29 30 36 42 44 44 42 33 22 18
2019 17 19 22 27 37 44 43 43 40 34 25 18
2020 17 19 24 30 47 45 45 44 41 34 24 17
2021 19 22 25 33 40 42 45 44 39 34 24 18
2022 18 20 22 32 35 43 45 44 40 36 24 19
2023 17 20 26 32 38 41 43 45 43 37 26 18
Table 3. Average minimum monthly temperature (°C) - period (2014-2023)
Year Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec.
2014 5 4 11 15 21 24 26 26 22 16 8 7
2015 4 7 8 14 21 24 28 27 25 18 11 4
2016 4 7 11 15 21 25 27 27 22 16 8 3
2017 2 2 10 14 20 24 29 28 23 15 10 5
2018 4 7 13 14 20 24 26 26 23 17 11 7
2019 4 6 8 13 18 23 24 26 21 18 9 7
2020 4 5 11 15 18 23 25 26 22 18 10 6
2021 3 8 8 13 18 20 24 23 19 14 9 6
2022 4 5 7 14 18 22 24 24 20 17 11 8
2023 4 7 10 13 19 22 26 25 24 15 9 4
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3.2 Hydrological model input data

For the SWAT model operation, many input data are
required to predict the quantity of the surface runoff, such as
digital elevation model (DEM), LULC, the soil map, and the
weather data.

3.2.1 Digital elevation model

For the study area included the Hiqglan Valley, the
topography was represented using DEM by the satellite
imagery, as shown in Figure 2.
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Figure 2. The DEM for Higlan Valley within the study area

3.2.2 The land use map

From the website (http://seamless.usgs), both LULC
satellite images were obtained. For the process of
geometrically digitizing and atmospherically correcting, the
GIS was used [22, 23]. The vegetation cover in the study area
has a low effect on the surface runoff because it is at a low
density compared with the whole. Figure 3 illustrates the (LU-
LC) land use land cover for the study area, which is classified
into two main types: Agricultural Land-Row Crops, Orchid,
and Corn.
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Figure 3. The LULC for Higlan Valley
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Figure 4. The soil map for Higlan Valley

3.2.3 The soil map

In watershed areas, the runoff is affected by the soil texture
in terms of the porosity and permeability [24]. For agricultural
purposes, the desert soils are unsuitable due to a low number
of organic materials, except the alluvial soils that are nearest
to the Euphrates River, which have an acceptable quantity of
organic materials. By GIS, the area was registered, and the soil
hydrologic group was determined using data on textural and
organic matter obtained from the Food and Agriculture
Organization (FAO). Figure 4 illustrates the soil map of the
area of the case study.

4. MODEL OPERATION

The hydrological model SWAT was operated to simulate
and predict the surface runoff for Higlan Valley, through the
interface Arc SWAT. The watershed area of this valley is
divided into subunits, which represent a smaller isolated unit
that is characterized by the difference in physical and spatial
characteristics, where the conformity of the hydrological
procedures was imposed. Means that this model can divide the
watershed into units that have similar characteristics in both
land cover and soil, and they are placed in a similar subbasin,
which is called a Hydrologic Response Unit (HRU) [25]. The
map of land use and the hydrologic soil in the subunits) interior
borders were used to make a unique incorporation, and it can
be assumed that all incorporations, as the identical in physical
properties.

4.1 Delineation of watershed

In watershed delineation, the DEM was used by the SWAT
model. The delineation of the watershed was performed by
ArcGIS with a spatial analysis [26, 27]. The description of the
topography related to characterization, such as the elevation,
slope, stream flow networks, creating the streamlines, the
outlet points of the watershed, selecting the outlets of a
watershed for both definition and calculation of sub-basin
parameters, and dividing the basin into several sub-basins. In
processes for delineation of watershed, the number of Sub-
basins for Higlan Valley, equal to 17, was controlled by the
number of hydrologic response units equal to 78 HRU, which
depends on the value of the suitable threshold, and the nature



of the illustrated situation. For the topography of Hiqlan
Valley, the maximum elevation is 318 m, the minimum
elevation is 108 m, the mean is 211.4 m, and the Std. deviation
is 39.493. The watershed delineation is shown in Figure 5.
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Figure 5. Watershed delineated for Higlan Valley
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Figure 6. Land use reclassified by the SWAT model
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4.2 Analysis of HRU

The smallest segments of a subbasin, which are specified by
the changes in the soil, slope, and the classification of the
LULC are called HRU [28]. The watershed was divided into
areas that have a single land use with the soil incorporating
that assists the model in reflecting the changing situation of
hydrologic for the different land cover and soil, for raising load
predictions that are accurate, with providing of best physical
description in the water balancer. In the analysis of HRU,
many steps were down. The first step is the insertion of the
LULC map that contains classes for the land uses in the basin;
these classes are matched with the Arc SWAT database classes
for reclassification of the land use map. Using high-resolution
images is very important in the validation of land use. In
addition, matching this map and the FAO soil map with the
SWAT default soil database to make the same soil classes as
the soil map. This model gave the user two types of options: a
single slope or multiple slopes. In this study, multiple slopes
were chosen. For the last step, the overlaying was done for the
soil, land use, and slope layers. At this point, the soil, land use,
and slope classes were taken into account in the processing of
the simulation.

4.2.1 Land use reclasses

Reclassification of land use types which is one of the
important performances of the SWAT model, was done to load
data corresponding to the SWAT model that was informed by
overlapping the satellite image of the land use with the area of
the Higlan Valley, as shown in Figure 6.

4.2.2 Soil reclasses

For the performance of the SWAT model, a reclassification
of soil types was done for loading data in the corresponding
SWAT model, which was informed by overlapping the
satellite image of soil with the area of the Higlan Valley, as
shown in Figure 7.

4.2.3 Slope reclassified

The land slope reclassification types were done for loading
data that corresponded to the SWAT model, which was
informed by overlapping the satellite image of a slope with the
area of the Hiqlan Valley, as shown in Figure 8.

The HRU for this valley was summarized in Table 4.
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Figure 8. Slope reclassified by the SWAT model



Table 4. The analysis of HRU for the valley within the study
area

Soil Reclassification

Land Reclassification

Soil Type  Model Area (%) Land Type Model Area (%)
Clay 3 ORCD 70
Sandy Loam 30 CORN 30
Sand 67

5. STATISTICAL TEST ANALYSIS
5.1 The climate model

For LARS.WG model, the autocalibration and statistical
analysis are done by the model software automatically. The K-
S test and p-value test show the perfect suitability of applying
this model for the weather data in the study area. Statistical test
analysis for precipitation and temperature is listed in Tables 5-

7.

Table 5. K-S and p-value test for daily rain distributions

Month K-S p-value Assessment
January 0.132 0.891 V. good fit
February 0.062 1 Perfect
March 0.051 0.953 Perfect
April 0.101 0.991 V. good fit
May 0.161 0.359 Moderate fit
June NO Rain
July NO Rain
August NO Rain
September NO Rain
October 0.126 0.992 V. good fit
November 0.168 0.87 V. good fit
December 0.142 0.965 V. good fit

Table 6. K-S and p-value test for daily (Min. Temp.)

distributions
Month K-S p-value Assessment
January 0.053 0.978 Perfect
February 0.095 0.893 Perfect
March 0.140 1 V. good fit
April 0.039 0.996 Perfect
May 0.094 0.932 Perfect
June 0.018 1 Perfect
July 0.106 0.999 V. good fit
August 0.158 0.913 V. good fit
September 0.044 0.966 Perfect
October 0.087 0.929 Perfect
November 0.017 1 Perfect
December 0.048 1 Perfect

Table 7. K-S and p-value test for daily (Max. Temp.)

distributions
Month K-S p-value Assessment
January 0.106 0.999 V. good fit
February 0.053 1 Perfect
March 0.012 0.965 Perfect
April 0.045 0.989 Perfect
May 0.093 1 Perfect
June 0.106 0.922 V. good fit
July 0.136 0.954 V. good fit
August 0.114 0.831 V. good fit
September 0.033 1 Perfect
October 0.106 0.963 V. good fit
November 0.105 0.948 V. good fit
December 0.044 1 Perfect
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Figure 9. Comparison between calculated and simulated
runoff for both the calibration - validation periods

5.2 The hydrological model

5.2.1 Suitability of applying the SWAT model

For the valleys located in the desert of Iraqi western in
Anbar Governorate that reach their surface runoff in the rainy
season to the Euphrates River directly in the river path
extending from Hadith Dam to Ramadi city. Many researchers
used the SWAT model in their studies to estimate surface
runoff in those regions (valleys). Sulaiman et al. [29]
demonstrated the applicability and suitability of applying the
SWAT model. Because of the unavailability of observed field
data about the surface runoff for Higlan Valley, the observed
rainfall data for the period (2014-2023) were used to calculate
field surface runoff data for this valley using the rainfall-runoff
formula as expressed in Eq. (1).

_(P-028)’

Q_(P+OBS) M

where, Q is the field surface runoff, P is the rainfall, and S'is a
parameter related to the curve number (CN) as expressed in
Eq. (2).

1000
S=——-10 2
cN 2

A comparison was done between the calculated and
simulated surface runoff, as shown in Figure 9.

5.2.2 Statistical test of the SWAT model

Statistical analysis was done to test the goodness and
suitability of applying the SWAT model for Higlan Valley
with its simulated data and calculated (from field data) for the
period (2014-2023). The Calibration for six years (2014—
2019) and Validation for four years (2020-2023) were
conducted. Two Statistical tests (Nash-Sutcliffe (NS)) test, Eq.
(3), and the coefficient of determination (R?) test, Eq. (4) [30,
31], were applied for the two sets of data on Surface Runoff in
both periods.

?:1()/iobs _ yisim)z

NS =1-
lnzl(yiobs _ Yimean)z

3)

where, NS is the Nash-Sutcliffe coefficient, Y is and variable,
obs is observed data, and sim is simulated data by the model.

R? — [Zi(Qmi — Qm) (Qs; — @7)]?
Zi(Qm,i - QrE)ZZi(Qs,i - Qs_)2

4)



where, R? is the coefficient of determination, Q is any variable,
m is measured data, and s is simulated data by the model. The
results of these tests are listed in Table 8.

Table 8. Statistical testing for Hiqlan Valley of the model
calibration—validation

Evaluation of Model NS R?
Calibration - (2014-2019) 0.70 0.76
Validation - (2020-2023) 0.61 0.68

From these results, the values of the NS test for both
simulated and calculated data in the calibration and validation
periods are somewhat similar. Also, the same goodness of
results in the R? test.

6. RESULTS AND ANALYSIS
6.1 LARS-WG model results

The climate model LARS-WG used the historical weather
data for the past ten years (2014-2023) to generate weather
data for the next ten years (2026—-2035), as shown in Figure 10
to generate the precipitation and Figures 11 and 12 to generate
the maximum and minimum temperature, respectively.

Figure 10 illustrates the monthly precipitation (in mm) over
ten years from 2026 to 2035. Precipitation is highly seasonal,
with the majority of rainfall occurring in the first few months
of the year (January to April) and towards the end of the year
(November and December), while the middle months (May to
October) experience significantly lower rainfall. The highest
precipitation levels are observed in January, where some years
record values exceeding 70 mm, while February and March
also display relatively high rainfall but with greater variability
across different years. The months from June to September
exhibit almost negligible precipitation, indicating a dry period.
A noticeable variation in precipitation patterns is observed
across the different years, particularly in peak rainfall months.
For example, some years, such as 2026 and 2035, show
pronounced rainfall in December, while others, like 2029 and
2030, experience peaks in March and April. This suggests
interannual variability, which could be influenced by climate
patterns or local meteorological conditions. Additionally, the
month of November demonstrates moderate rainfall levels,
showing an increase compared to the preceding dry months.
Overall, the data highlights a clear seasonality in precipitation,
with distinct wet and dry periods that may have implications
for water resource management, agriculture, and climate
adaptation strategies.

Monthly temperature variations (°C) are shown in Figure 11
for the ten years from 2026 until 2035. It seems that during the
early months of the year (January and February) and the end
of the year (November and December), lower temperatures are
observed; on the other hand, peak temperatures occur in the
middle months (May to September). This pattern reinforces a
standard climatic cycle in which temperatures increase
gradually from winter to summer, peaking in June, July, and
August before coming down toward the frigid end of the year.

Different years show similarly, which is expected when
looking at temperature values. The summer months, especially
June, July, and August, consistently record temperatures
above 40°C, showing a hot summer. In contrast, the cold
months, primarily January and December, transpire at lower
temperatures, typically between 15°C and 25°C, while the
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transitional months of March, April, October, and November
witness moderate temperatures, connecting the seasonal
extremes.
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Figure 10. Monthly precipitation (mm) within the study area
for the period (2026-2035)
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Figure 11. Average maximum monthly temperature (°C) for
the period (2026-2035)
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Figure 12. Average minimum monthly temperature (°C) for
the period (2026-2035)

In summary, this figure demonstrates that there is a clear
annual temperature cycle with seasonal trends that are almost
predictable. Your research is based on data collected until
October 2023. Furthermore, the small changes from year to
year reveal an overall steady climate with few major
temperature anomalies over the time frame analyzed.

10-year periods of monthly temperatures (°C) for 2026-
2035 are shown in Figure 12. Both discovered a distinct
seasonal pattern, with a lower mean temperature found in
winter months (January, February, November, December) and
a higher mean temperature in summer months (June, July, and



August). From January, the temperature slowly rises, reaching
its peak in the months of June and July and falling back again
by the end of the year, exhibiting a very distinct climatic cycle.

The summer months are relatively constant, with June, July,
and August recording the highest temperatures consistently
above 25°C to almost 30°C. Lows are seen in December,
January, and February, with registered or recorded
temperatures usually not exceeding values less than 10°C in
some cases, indicating winter months. The transient months
like March, April, September, and October show average
temperature levels and act as a transition between extreme
summer and winter.

In particular, there is little variation in temperature between
the different years, which indicates stable long-term climatic
conditions in the region. This suggests that during the period
studied, there were no extreme temperature anomalies or
temporal trends/changes seen. Other areas affected by the
temperature cycle shown in the graphic include agriculture,
energy use, and climate adaptation planning, as clearly defined
warm and cold months shape heating and cooling needs, water
availability, and crop growth patterns.

6.2 SWAT model results

The hydrological model (SWAT) was operating for
estimation and predicting the future surface runoff for Higlan
Valley. The ability of this model in predicting surface runoff
for the next years (future period) depended upon the
availability of input data such as the future weather data (rain,
temperature, and radiation), DEM, the land cover maps, and
all other data required in model operation. The results of the
SWAT model operating represent the simulated and predicted
Surface Runoff in the next 10 years, period (2026-2035) for
Higlan Valley, as shown in Figures 13 and 14 for annual
surface runoff as depth in (mm) and as volume in (Mm?). In
addition, Figure 15 shows results for the expected future
monthly surface runoff as depth. The Annual Surface Runoff
(A.S.R.O.) depth from 2026 to 2035 is shown in Figure 13.
There are significant variations in recorded depth throughout
the data, with the highest depth logged in 2028, followed by a
decrease in 2029 and more fluctuations in the years after. The
peak in 2028 indicates a year of higher surface runoff—Ilikely
resulting from elevated precipitation, extreme weather events,
or land-use changes impacting watershed hydrology.
Variations over the years suggest that the depth of the
composition is not regular and it is probably influenced by the
climate regime, the seasonal distribution of rainfall, as well as
by the specific characteristics of the watershed, like the soil
infiltration capacity or vegetation cover.

A part of the graph of annual surface runoff volume is
shown in Figure 14 for the same period. The trend lags the
depth variations closely, with peak runoff volume again being
in 2028, with a sharp increase in runoff almost matching the
peak in the depth chart. This is indicative that depth and total
runoff volume are closely related and are likely responding to
similar climatic and hydrological drivers. The year-to-year
variability in A.S.R.O. volume also illustrates the highly
variable nature of surface runoff, which may respond to
changes in rainfall intensity, land use, and water management.
The rises and drops or runs in the data indicate that while
climate change is a major factor, there are still seasonal
changes in rainfall events and runoff response, which means
there will still be other contributing variables in water planning
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strategies and infrastructure design, especially with the
potential for extreme event run-off.

Figure 15 shows that the expected future monthly runoff
does not occur in several months for each year, except for a
few months in the winter season (rainy season) from
November to January, and in the spring season from March to
April, with different values of runoff quantity. These results
are very important for knowing the quantities of water for the
future periods that are expected to come from the Hiqlan
Valley, which feeds the Euphrates River. The data related to
the expected quantity of surface runoff as additional water in
the next years from this valley is considered important
information in the water resources management plans for the
Euphrates River basin, since this river suffers from a shortage
and lack of water supplies that come from the Syrian border.
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Figure 13. Annual surface runoff as depth (mm) for Hiqlan
Valley in the period (2026—2035)
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Figure 14. Annual surface runoff as volume (mm?) for
Higlan Valley in the period (2026-2035)
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Figure 15. Expected future monthly surface runoff as depth
in (mm) prediction by the SWAT model (2026-2035)



7. CONCLUSIONS

From the analysis of the results, the following key
conclusions can be drawn from this study:

The generated future weather data indicates that
maximum precipitation occurs in January (2031) at 76.4
mm, March (2033) at 61.1 mm, April (2033) at 50.7 mm,
and December (2030) at 54.5 mm, while the summer
months exhibit minimal or no precipitation. This
seasonal concentration of rainfall underscores the need
for effective water storage and flood management
strategies.

The expected maximum surface runoff occurs in January
(2029) at 12.3 mm, November (2031) at 15.1 mm, and
December (2030) at 13.2 mm in the winter season,
March (2034) at 14.7 mm, and April (2028) at 22.8 mm
in the spring season, as per simulations by the SWAT
model.

Based on the next decade's projected monthly surface
runoff from Hiqlan Valley, it can be concluded that
runoff events will occur two to four times per year. This
frequency of runoff events indicates the intermittent
nature of water availability in the region, which is crucial
for hydrological planning and agricultural water
management.

The results show distinct seasonality in precipitation and
temperature over the decade. In contrast, temperature
follows a steady annual cycle, with higher temperatures
in the summer and lower temperatures in winter, whereas
precipitation is very variable and concentrated in the first
and last months of the year. These reliable seasonal
patterns allow for useful predictions of water resource
management, energy needs, and agricultural planning.
The study's intermixed outcomes reveal a direct
influence of future climate conditions on hydrological
behavior, signaling the need for proactive approaches
towards ensuring sustainable planning of water
resources. Future mitigation, agriculture, and water
conservation efforts in the region will benefit from the
integrated approaches that account for climate
variability, precipitation distribution, and runoff
characteristics.

There is a necessity to construct runoff and surface flow
field measuring and monitoring stations for the valleys
situated on the right side of the Euphrates River in the
western desert area.
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