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Abstract: The issue of global warming has negatively
affected the global climate, which caused a decrease in
the amount of precipitation and a significant increase in
temperatures and evaporation rates. Iraq suffers from
poor rainfall, which exacerbates the problem of declining
water levels in rivers and the drying up of some tribu-
taries. The Euphrates river, which passes through the
eastern side of the Al-Najaf Governorate, is the case
study in the current research. A statistical downscaling
model is created for rainfall data from 2010 to 2020 with
the aim of predicting the future precipitation biennially
from 2022 to 2028. The model is calibrated and reflects
close results with observations with high accuracy and
reliability. The future precipitation levels are trans-
formed after multiplying these levels by the total surface
areas of the Euphrates river and its tributaries, and the
value of future flowrates to be added to the Euphrates
river is estimated. The results showed that the Euphrates
river will receive a flowrate of 1,535,945m> in 2026,
which is the highest value when compared with the
values of flowrate for the years 2022, 2024, and 2028, which
are estimated at 1,475,072, 1,456,037, and 1,378,403 m°,
respectively.
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1 Introduction

Global climate change is expected to lead to climatic and
hydrological phenomenal impacts that are difficult to
predict due to its extreme extremism and do not follow
a scientific behavior or method that makes these phe-
nomena under control. Global warming is one of the
most important and prominent phenomena that the global
climate is experiencing at the present time, as it has
greatly affected the change in precipitation rates and tem-
peratures and made these parameters follow an extreme
path, causing the complexity of the hydrological cycle in
nature [1,2]. The International Panel on Climate Change
now claims that “there is new and more robust evidence
that most of the heat observed over the last 50 years can be
attributed to human activities” [3]. These changes have led
to many environmental risks toward human health, such
as depletion of the ozone layer, loss of biodiversity [4],
pressures on food-producing systems, and the global
spread of infectious diseases [3]. At present, there is a
neglected aspect of the climate change problem, fewer
research deal with the impacts of climate change on
health, food availability, economic growth, migration,
security, social change, and public goods such as drinking
water compared to that on geophysical changes linked to
global warming. The World Health Organization has esti-
mated that 160,000 deaths have occurred since 1950,
directly related to climate change, and many believe that
these are inaccurate estimates. Research conducted at the
Hoover Institute by economist Thomas Moore indicated
that global warming would lead to high death rates in
the world if rapid and serious scientific measures were
not taken to reduce the severity of this phenomenon [5].
Despite the hydrological complexities of the climate
as a result of external factors and phenomena that are
affected by it, the process of predicting future events
remains under control, and the correct and accurate pre-
diction to a large extent can be made for those events that
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the planet may encounter. Statistical downscaling models
(SDSMs) represent one of the most important techniques
recently used that can be adopted to predict hydrolo-
gical events through identifying/providing those para-
meters needed by the statistical/hydrological models
[6,7]. The spatial coordinates of the area to be predicted
of its future events are important in increasing the accu-
racy of the obtained results. The flow of rivers and its
vulnerability to climate changes need to be studied in
order to predict potential floods in the future. Through
the use of the downscaling statistical models based on
spatial coordinates, it is possible to simulate the flow of
rivers, lakes, and water bodies. The flow of a river is
greatly affected by the factors that the atmosphere suffers
from, which makes it permanently variable in the level of
water and that requires a simulation of the hydraulic head
in order to calculate the flow. Since the rivers have running
water, the changes in the hydraulic parameters of the soil
and the quality of the soil will be ineffective in the quan-
tities of flow, as the soil is saturated with water and its
physical properties are virtually constant and unchanging
over time [8,9].

The subterranean and surface areas represent the
areas most affected by the extremism of hydrological
events resulting from climate change, which gives it the
utmost importance to protect against these changes in
order to preserve the water sources at a minimum level
of vulnerability. The space for climate impacts and
extreme weather events have gained the highest priority
and importance among hydrologists in recent decades,
as the fluctuations in climate directly affect river flows,
such as the phenomenon of tension and tides in lakes
and oceans. Studies that are concerned with studying
the relationship between the flow of water in rivers,
lakes, and water bodies and changes in the atmosphere
that cause predictive climate changes (by using down-
scaling statistical models) are few and limited. These
studies depend largely on the spatial location and the
observed data for the concerned area, as well as some
parameters that need to be provided for the purpose of
applying theoretical equations [10—12]. Recent studies
dealing with watersheds in semi-arid regions to estimate
the value of flow have been using the artificial neural
network, which includes dividing the data range into a
set of miniature statistical ranges and simulating water
flow within the monsoon period in order to study the
effect of waves and its velocity over the flow value
[13-15]. Some scientists have relied on the temperatures
acquired by seawater which through it can know the
seasonal or monthly variables that are to be applied to
create the SDSMs used to predict the value of the flow [16].
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In Britain, the monthly flowrate values were predicted
through the use of SDSMs that depend upon the use of
atmospheric data for the local climate surrounding the
watersheds and the regional climate that is affected by
hydrological phenomena, as the variation in the results
was remarkable due to the fluctuation of the Arctic
weather, which in turn showed climatic signals that
led to the formation of a chart that helped in predicting
the monthly and seasonal flow values of the studied
rivers [17-19]. The effect of climatic fluctuations experi-
enced by the atmosphere and its reflection on the cur-
rent flows in rivers, lakes, and sedimentary plankton in
the waters of these rivers have been studied using
SDSMs, where the results showed that the changes to
the atmosphere affect the variation of annual current dis-
charges in the rivers at a rate ranging between 32-56% in
Siberia and Iceland, indicating that there is no control over
the accurate estimation of the amounts of flow in these
rivers [20,21].

In the last decades of the twentieth century, the phe-
nomenon of climate change began to take a great deal in
its impact on temperatures and rain rates, and the pro-
blem of global climate fluctuations began to exacerbate
in a complex way in the first decades of the twenty-first
century. Changes in the atmosphere have led to complica-
tions in the climatic characteristics, which have a negative
impact on the noticeable increase in the global tempera-
ture and a severe decrease in the rainfall as this was evi-
dent in the decrease and dryness of many watersheds and
rivers in the climatically classified areas as arid or semi-
arid. It shows signs of declining water quantities or droughts,
even in slight climate changes. Good and sustainable man-
agement of surface and groundwater resources requires an
in-depth understanding of the relationship between cli-
mate variables, hydrological systems, and human influ-
ences, which will result in preserving the durability of
those vital resources that humanity needs to sustain life
on Earth [22]. SDSMs aim to represent the climatic state of
a region by predicting the future estimates of weather
(such as the rainfall or temperature events), which will
provide a clear pattern of the likely future climate change.
Knowing the independent changes of the weather will
enable scientists to control the environmental and hydro-
logical impact in addition to assessing the potential effects
of bad climatic future events [23].

The Euphrates river suffers from an exacerbated water
scarcity as a result of the excessive and unplanned use
of all daily needs such as agriculture, industry, domestic
use, and drinking. In addition, the weather in Iraq in
general and the study area in particular, is very bad,
as it suffers from a lack of rain and a significant increase
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in temperature, which sometimes reaches more than
50°C, which creates great pressure on the Euphrates
river through a remarkable increase in evaporation rates.
The Governorate of Al-Najaf is characterized by a large
number of visitors, whether from inside or outside Iraq,
due to the presence of many religious places, where the
number of visitors sometimes reaches more than 5 million
visitors annually, which creates another pressure on the
levels of running water in the Euphrates river. All of
the above called for the provision of a study explaining
the potential future impact that the Euphrates river may
suffer in order to shed light on the scenarios and mea-
sures that can be used by decision-makers to pay poten-
tial damages to Al-Najaf Governorate and its residents,
as well as to maintain the levels of the Euphrates river in
a manner that secures the needs of population essential
to their lives.

The main objective of this study is to estimate the
flowrate values that will be acquired by the Euphrates
river in its two branches (Al-Kufa and Al-Abbasiya rivers
with their branches) within the borders of the Al-Najaf
Governorate for the future short-term period (2022-2028),
forecasted every two years. To determine the flowrate
value, the precipitation data for the period 2010-2020
will be used with the aim of predicting the short-term
future values of rainfall events for the years 2022, 2024,
2026, and 2028 that the Euphrates river is likely to be
exposed to, through which the quantities of water added
to the Euphrates river can be determined, and this will
provide a short-term future study of the events that the
Euphrates river may encounter in the future.

2 The Euphrates river “region of
interest”

The Euphrates river is one of the large rivers in south-
western Asia and the largest river on the Arab plate. The
river originates from the Taurus Mountains in Turkey and
consists of two rivers in Asia minor: Murad Sow (meaning
the water of the destination) to the east, and its source is
between Lake Van and Mount Ararat in Armenia, and the
village of Sow (i.e. black water) to the west and its source
is from northeastern Anatolia. The two rivers flow toward
the west, then meet, and their waters flow southward,
penetrating the southern Taurus mountain range. Then
the river runs to the southeast of Turkey, and many
branches join it before it passes through the Syrian lands,
to run in Iraqi lands and meet the Tigris river in the
Karma Ali region, to pour the Shatt al-Arab, which flows
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into the Arabian Gulf. Among its characteristics is that
this river and the Nile river are the two most prolific rivers
in the Arab world. The Euphrates river enters the Syrian
lands at the city of Jarablus, and in Syria, the Balikh and
Khabur rivers are joining it, then passes through the
Raqqa Governorate and then heads to the Deir Ezzor
Governorate, and exits from the latest at the city of
Albu-Kamal. The Euphrates river enters the lands of
Iraq at the city of Al-Qaim in Al-Anbar Governorate,
then it enters Babel Governorate and the Shatt Al-Hilla
branch, then enters Karbala Governorate, then into Al-Najaf
Governorate and passing through Diwaniyah, Muthanna,
Dhi-Qar Governorates to finally meet the Tigris river
and flows into the Shatt al-Arab, and travels 120 km to
reach the Arabian Gulf. The length of the Euphrates
River from its source in Turkey to its outlet in the Shatt
Al-Arab in Iraq is about 2,940 km, of which 1,176 km are in
Turkey, 610 km in Syria, and 1,160 km in Iraq. Its width
ranges from 150 m to more than 2,000 m at the outlet.
Although the Euphrates river is still one of the most
important rivers worldwide, it faced many problems
that negatively affected it, turning the fertile soil around
it into a dry and arid land [24].

Within the borders of the Al-Najaf Governorate, the
Euphrates river branches out south of the city of Kifl by
about 5 km to two branches, namely the Kufa river (Shatt
Al-Kufa) and the Al-Abbasiya river (Shatt Al-Abbasiya),
as shown in Figure 1. The Shatt of Kufa runs through the

40°0'0"E 42°0'0"E 44°0'0"E

46°0'0"E

36°0'0"N
36°0'0"N

34°0'0"N
34°0'0"N

IRAQ

32°0'0"N
32°0'0"N

N
/\ .0 80 160:240 320
———y
I Kilometers

42°0'0"E

30°0'0"N
30°0'0"N

40°0'0"E 44°0'0"E 46°0'0"E
Figure 1: Al-Najaf Governorate with the Euphrates river branches

(Al-Kufa and Al-Abbasiya).
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city of Kufa and Abuskhair for a distance estimated
at 75.25km, and after that, the river enters the city of
Al-Mishkhab and continues its flow until it branches in
Al-Qadisiyah sub-district (which is part of the Al-Najaf
Governorate) into two main branches (Abu Al-Ashrah
and Al-Ya’ou). There are a number of regulators and
waterfalls that exist along the branches of this river,
prepared to control the water distribution within the
sub-streams. The number of branches located on this
river in the governorate is (30 branches), and the total
lengths of these branches with their sub-branches are
382.4 km, whereas when adding the length of the main
river, the Shatt Al-Kufa to it becomes 457.69 km. In
respect of the Shatt al-Abbasiya, the length of the main
river in the governorate is 28 km. The number of main
branches of this Shatt (12 branches). The total lengths
of the branches with their dendrites reach 202.16 and
230.16 km when the length of the mainstream of Shatt
Al-Abbasiya is added to it. The width of the branches
on Al-Kufa and Al-Abbasiya rivers (which represent
both the Euphrates river within the borders of Al-Najaf
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Governorate) ranges 5-10 m, while the width of the main
lines of both Al-Kufa and Al-Abbasiya rivers ranges
150-200 m. The total length of the Al-Kufa and Al-Abbasiya
rivers, along with their branches in the Al-Najaf Gov-
ernorate, is 687,855 km. The total surface area of the
Al-Kufa river with its branches is about 16,036,750 m?,
and the Al-Abbasiya river with its divisions reaches
6,416,200 m>. Figure 2 shows some cross-sections taken
on the main flowing water lines of the Euphrates river
within the borders of the Al-Najaf Governorate [24].

3 The Euphrates River measured
flowrate 2010-2020

The annual discharge of the Al-Kufa river is (118.7 m?/s)
with the highest and lowest monthly discharges corre-
sponding to 196.5m’/s in July and 77.3m>/s in January,
respectively. The total annual flowrate of the Al-Kufa
river that is released from the Al-Hindiya barrage reaches
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Figure 2: Cross-sections of the Euphrates river showing the widths
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3,745 billion m>. The total area of the agricultural land
that benefits from the main course of the Al-Kufa river
and its branches is about 375 km? Regarding the Al-
Abbasiya river, its annual discharge rate is 121.8 m’/s,
as the highest and lowest monthly discharges are equal
to 183.9 m>/s in June and 72.1m>/s in May, respectively,
with a total average annual flowrate income of about
3,843 billion m>. The area of agricultural land benefiting
from the mainstream of Al-Abbasiya river and its branches
is estimated at 250 km?. It is worth noting that the quan-
tities of released water from the Al-Hindiya Barrage are
discharged (60%) of it to Al-Kufa River, while (40%) of
the water is discharged to the Al-Abbasiya river [25].
Field-observed data play an effective role in creating
the appropriate model that fits with the climatic condi-
tion prevailing on the site to be studied. Where the more
complex the climate in the study site, this requires the
preparation of complex models capable of solving the
complex equations that control that region, and thus
the results of the prepared model are more accurate
and reliable [26]. The Euphrates River, which passes
through the eastern side of the Al-Najaf Governorate,
suffers from excessive daily uses, as well as being located
in an area classified as dry due to the high temperatures
that generate high evaporation rates. Figures 3 and 4
highlight the monthly and annual flowrates in Al-Kufa
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and Al-Abbasiya rivers, which are forming the Euphrates
river in Al-Najaf Governorate, respectively, for the period
2010-2020. In general, it can be noticed that the flowrates
of water running in both rivers decreased significantly in
the second half of the last decade compared to the first
half of it, and the reason for this is due to several factors,
including climate impact, wrong politics, and misman-
agement and use to a large extent. In comparison, the
average annual flowrate of the Al-Kufa river decreased
to nearly 170 m’/s in the year 2020 and decreased to
more than that in the year 2015, reaching approximately
140 m>/s, when compared to the value of 325 m>/s in the
year 2010. The monthly flowrates are usually fluctuated
according to the population’s need for water, whether for
agricultural, domestic, or industrial purposes, and some-
times it fluctuates from one season to another. With
regard to the Al-Abbasiya river, it can be clearly noticed
that the monthly and annually flowrates are much less
than what is required to be prepared for the Al-Kufa river,
as a result of the large agricultural areas that feed on the
waters of the Al-Kufa river compared to those irrigated
agricultural areas around Al-Abbasiya river. In addition,
the monthly provided flowrates of the Al-Abbasiya river
fluctuate according to the agricultural seasons. The annual
average of running water in the Al-Abbasiya river has also
suffered from a decrease to nearly half to become 105 m>/s
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Figure 3: Average flowrate of the Al-Kufa river recorded at 44 stations between 2010 and 2020.
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Figure 4: Average flowrate of the Al-Abbasiya river recorded at 23 stations between 2010 and 2020.

in the year 2020 and other times less than halves like in the
years 2015 (70 m>/s), 2016 (72m?>/s), and 2017 (66 m>/s). In
summary, Figures 3 and 4 explain the significant decrease
in the rates of water supply for the Euphrates river in its
sub-branches, which resulted in a scarcity in providing
water to the population and desertification of large agri-
cultural areas due to the failure to provide the necessary
water for the irrigation process.

4 Precipitation observed data
2010-2020

Hydrological studies and climate research require ana-
lysis of various climate data, the most prominent of
which are the precipitation and temperature data. The
analysis of this data enhances the reliability of the out-
puts, which depends mainly on the degree of their affinity
with the field observations. Managing water resources in
an optimal manner needs to analyze rainfall data as it
falls within different scientific fields such as planning
agricultural production, its effect on climate change, its
effect on groundwater and surface water represented by
rivers and lakes, the extent to which surface runoff is

affected by the severity of precipitation, and climatic
humidity that the most important of which is the pre-
sence of fumes and gases resulting from precipitation
reactions [27,28]. Hydrological and climatic studies take
into account to a large extent the quantities of precipita-
tion and its distribution and intensity in addition to tem-
peratures and relative humidity, which are the most
effective factors in the fluctuation of climatic events
[29]. Figure 5 shows the average monthly and annual
accumulated precipitation rates in the Al-Najaf Gover-
norate for the period from 2010 to 2020. In general,
Figure 5 shows that the monthly accumulated precipita-
tion rates for the period 2010-2020 ranged between 60
and 80 mm, except for the year 2016 to about 200 mm,
and the same can be observed with regard to the annual
rate of precipitation. The precipitation was at its most
severe in the months of November, December, January,
and February, which represents the winter season and
part of the autumn season, while in the months of
October, March, April, and May, the rainfall begins to
recede to its lowest levels. In the summer season and
part of the spring season, June, July, August, and Sep-
tember, which are the months in which the temperatures
rise to relatively high rates, the rainfall rates are equal to
zero. It is noticed in the years from 2014 to 2018 that the
rates of precipitation in the month of January ranged
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Figure 5: Average precipitation values per month and year over the period 2010-2020.

between 0 and 40 mm, which are considered high rates
compared to the same month for other years. Also, it has
been noticed the same thing was repeated in February of
the year 2016, which had an estimated precipitation rate
of 35 mm.

5 Methodology and SDSM
description

Climate changes are characterized by many impercep-
tible fluctuations on the temporal and spatial scale,
which makes the outputs of future forecasting processes
inaccurate or relatively low-accurate, which is reflected
in the lack of reliable hydrological estimates that can be
relied upon to know climate change. General circulation
models (GCMs) have the ability to predict changes in the
earth’s atmosphere, allowing future events to be pre-
dicted on a large scale and with high accuracy. GCMs to
be applied require the provision of a series of reliable
daily data (such as temperatures and precipitation) so
that the temporal and spatial predictive outputs can
represent the future climate events to a reliable extent.
In addition, GCMs address the problem of gaps in missing
data on the spatial and temporal scale by linking the

previously measured data with the subsequent and thus
knowing the statistical values with acceptable accuracy
[30-32]. To implement GCMs, the SDSM tool can be used,
which is a tool that possesses high efficiency and accu-
racy, to create a statistical model (statistical relationship)
between locally measured (predictand) climate data and
those measured data on a large scale under different and
fluctuating climatic conditions (predictors) that can be
adapted to calibrate the data. By relying on the outputs
of the GCMs extracted from the measured climate data on
a large scale and before its introduction into the SDSM
tool, the statistical relationship of the SDSMs can be
calibrated in order to verify the accuracy of the results
for future climate events expected to occur [33]. SDSM
builds/creates SDSMs according to the spatial location
in which the study area is located, which depends on
26 predictors as reported by the Canadian Climate Sce-
nario Center, which depends on the spatial coordinates
and climatic changes of the sites on the surface of the
earth, which fall into three groups: CanESM2_rcp2.6,
CanESM2_rcp4.5, and CanESM2_rcp8.5 [34,35]. In the
current research, the working methodology will be as
follows:
1. Establishing a SDSM of the observed precipitation in
Al-Najaf Governorate for the period 2010-2020 by ana-
lyzing the climatic and spatial correlation of these data



136 —— Hayder H. Kareem and Aseel A. Alkatib

in order to know the appropriate statistical relationship
that corresponds to the area of study. The National
Centers for Environmental Prediction approved by the
National Oceanic and Atmospheric Administration [36]
of 26 predictors will be used.

2. Determining the predictors that provide the least dif-
ference between the measured and future climate pre-
cipitation values, with the aim of minimizing the size
of the difference and dispersion in future data, pro-
vided that the selected predictors have the highest
correlation coefficient.

3. The SDSM prepared using the SDSM tool of precipita-
tion requires calibration to ensure the correctness and
accuracy of the results that it will provide. The SDSM
tool provides optimization algorithms that can cali-
brate future predictions with a set of spatial and tem-
poral variables. The spatial and temporal variables
depend on multiple regression equations that have
the ability to manipulate the input parameters with
the extracted ones, thus raising the independence of
the resulting data and reducing potential differences,
which results in enhanced prediction accuracy for
future events.

4, Using the calibrated SDSM to predict the short-term
future precipitations’ events for the years 2022, 2024,
2026, and 2028, in addition to extracting the rainfalls
for the years 2010-2020 from the SDSM program.

5. Future values of precipitations are converted into water
volumes by relying on the surface areas of Al-Kufa and
Al-Abbasiya Rivers and their branches (which form the
Euphrates River in the study area), which will provide
an insight into the quantities of flowrates likely to
occur in the near future and a study of whether these
volumes of water will lead to the occurrence of flooding
events in Al-Najaf Governorate or not.

6 Results and discussions

6.1 Short-term SDSM precipitation
prediction and model calibration

The global climate in recent decades has been affected by
many extreme weather events, which have negatively
affected the processes of predicting potential future cli-
mate changes. Future prediction is one of the complex
processes that require many accurate parameters with no
gaps, which causes a lack of information and thus a
decrease in the efficiency of the models prepared for
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prediction and a loss of confidence in the extracted
results. For the purpose of forecasting the hydrological
and climatic factors related to precipitation in Al-Najaf
Governorate in the short-term state for the years 2022,
2024, 2026, and 2028, a SDSM is built using the latest
version of the SDSM tool, based on historical rainfall
data collected from official government sources for the
period from 2010 to 2020. The model relies on the daily
rainfall data, which is checked whether there are any
missing or extreme values in order to ensure the correct-
ness of the information entered into the Al-Najaf weather
model. Samadi et al. [26] prepared two models, one using
SDSM and the other using ANN, in order to compare the
results and show the accuracy of the methods used in the
prediction process. Temperature and precipitation rates
were the mainstay of mathematical models to obtain a
future prediction, and this resulted in a discrepancy in
the expected future events resulting from each model.
SDSM tool is used in the current research to predict the
potential future flowrate accumulated only from the preci-
pitation without referring to the total amount of water run-
ning in the Euphrates river, which necessitated the absence
of the need for temperature data. This made the variance in
the results depends mainly on the intensity of the rainfall
in terms of its intensity or its decline. The scenario that is
used in the data analysis process is CanESM2_rcp8.5, after
excluding the scenarios CanESM2_rcp2.6 and CanESM2_
rcp4.5 due to their extreme results as compared to the field
observations, where the predictors of the excluded sce-
narios gave parameters that do not approach zero, indi-
cating a gap between the predicted and field values. The
manual calibration methodology is used in the current
research, which depends on monitoring the estimated
values by the model and the field-measured values in
the study area in order to obtain the optimal perfor-
mance of the model in predicting future hydrological
events. The data collected are divided into two parts:
the first is from 2010 to 2016 for the purpose of calibrating
the model and the second is from 2017 to 2020 for the
purpose of verifying the results of the prepared model.
As the model is prepared to predict future precipitation
events, it is therefore conditional on the fourth root, which
aims to achieve high accuracy in the extracted results.
The CanESM2_rcp8.5 scenario that is used to build the
model contains 26 predictors, where these predictors are
applied to the model through the calibration process,
and only the predictors nceps850g] (specific humidity at
850 hpa) and ncepshumgl (near surface specific humidity)
have achieved the best results when calibrating the
model. Figure 6 shows the residuals of the calibrated
model’s data.
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Figure 6: Residuals of predictors for Al-Najaf precipitation modeled data over the period from 2010 to 2020.

Figure 7 indicates the results of the hydrological
model that is designed/created to predict the future pre-
cipitation events in the Al-Najaf Governorate. The short-
term monthly rates of precipitation are predicted for the
years 2022, 2024, 2026, and 2028. In general, expectations

¥ Precipitation Prediction of Year 2022 ® Precipitation Prediction of Year 2024
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indicate the occurrence of waves of precipitation in Al-
Najaf Governorate biennially in the Autumn season, which
begins in October and ends in December, and also in the
Winter season from January to March. Precipitation will
record its highest values in December for the years 2022,

JUL
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Figure 7: Predicted precipitation at the short-term stage for the years 2022, 2024, 2026, and 2028.
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2024, 2026, and 2028 at rates ranging 15-21 mm, while
January and November rates will be recorded slightly
less, ranging 9-17 mm, followed by October with rates
ranging 5-8 mm. The month of March will record the
lowest values of precipitation 2-3.5 mm biennially. The
spring and summer months (April-September) will record
null precipitation rates as this situation is normal and
expected, given that the region is internationally classified
as a dry region with high temperatures and the rates of
rainfall in these months recede to zero.

6.2 Short-term flowrate prediction of the
Euphrates river

The results obtained from the current research have not
indicated the occurrence of surface runoff events as a
result of future rainfall incidents, while Zhu et al. [34]
did indicate the occurrence of surface runoff in varying
amounts in some stations on the Biliu river basin (Liaoning
province, Northeast China), although both studied sites
are arid or semi-arid areas. The reason for the results’
variance is the disparity in the intensity of rainfall in
both regions. The Euphrates river in Iraq has suffered
from many climatic problems that have led to the drying
of many of its branches due to the lack of sufficient flows in

® Al-Kufa Flowrate Prediction of Year 2022
® Al-Kufa Flowrate Prediction of Year 2028

350000

250000
200000
150000

100000

IR

FEB. MAR.

Al-Kufa and Al-Abbasiya Flowrate Predicition m?

® Al-Kufa Flowrate Prediction of Year 2024
m Al-Abbasiya Flowrate Prediction of Year 2022 » Al-Abbasiya Flowrate Prediction of Year 2024
Al-Abbaslya Flowrate Prediction of Year 2026 = Al-Abbasiya Flowrate Prediction of Year 2028

DE GRUYTER

the main course of the Euphrates river to enable it to
supply the distant bifurcations with water to ensure not
to dry. In the governorate of Al-Najaf, the Euphrates river
in its two main branches (Al-Kufa and Al-Abbasiya) suffers
from additional pressures as a result of the increasing
population and ill-considered use, which exacerbated
the problem of decreasing quantities of running water
in its main course and branches. Drying of the tri-
butaries branching from the Euphrates river has lost
the Al-Najaf governorate’s large agricultural areas as a
result of the lack of irrigation water necessary for these
agricultural lands. Xin et al. [37] have discussed the
prediction of precipitation rates on the Huangfuchuan
Basin without referring to the calculation of the quanti-
ties of flowrates. The current study has adopted the
same mechanism and updated the strategy to estimate
the quantities of flowrates likely to be exposed on the
Euphrates river and their impact in terms of climate and
usage. After identifying the future values of the precipi-
tation for the years 2022, 2024, 2026, and 2028, it became
possible to extract future quantities of water that will be
received by the Euphrates river. Since the surface areas
of Al-Kufa and Al-Abbasiya rivers and their branches are
known, this leads to the possibility of calculating the
total quantities of water, noting that the surface area
of the Al-Kufa river is much larger than the Al-Abbasiya
river. Figure 8 shows future quantities of flowrates for

¥ Al-Kufa Flowrate Prediction of Year 2026
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Figure 8: Future predicted flowrates of Al-Kufa and Al-Abbasiya Rivers (branches of the Euphrates River) biennially.
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Al-Kufa and Al-Abbasiya rivers that are manually calcu-
lated biennially for each month. Figure 8 shows that the
months from April to September for the future years will
not add any quantities of water to Al-Kufa and Al-Abba-
siya rivers coming from the precipitation due to the lack
of rainfall in those months. It is expected that the Al-
Kufa river will receive the largest amount of water in
December of the year 2026, reaching 330,000 m>, while
the lowest amount will be in October of the next year
2022, reaching approximately 80,000 m>. In the future
years, Al-Kufa river will receive quantities of water ran-
ging from 110,000 to 270,000 m’ in January, 80,000 to
220,000 m> in February, the quantities of water will
diminish to range from 15,000 to 52,000 m? in March.
The quantities of water will begin to rise gradually to
range from 80,000 to 140,000 m> in October and will
continue to rise, to range in November from 185,000 to
255,000 m>, and so on, reaching a peak in December to
range from 245,000-330,000 m>. Screening Figure 8
shows that the same scenario of the Al-Kufa river will
be implemented to Al-Abbasiya river, but the quantities
of water added to the level of the Al-Abbasiya river
will be much less than that added to the Al-Kufa river.
At the same time, the maximum and minimum amounts
of water that the Al-Abbasiya river will receive will be in
December 135,000 m® (year 2026) and January 120,000 m>

® The Euphrates River Total Flowrate Prediction of Year 2022 m The Euphrates River Total Flowrate Prediction of Year 2024
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(year 2022), respectively. In general and through tracking
Figure 8, it can be concluded that the quantities of water
that Al-Abbasiya river will receive will be close to half
and sometimes a third of those quantities that will be
received by Al-Kufa river for the months of January,
February, March, October, November, and December.
In contrast, no quantities of water are added to the Al-
Abbasiya river in the months from April to September.
Figure 9 shows the conclusion that the current
research aims to reach, which is the total quantities
of water/flowrates that will be added to the Euphrates river
on the short-term biennially from 2022 to 2028 that is
receiving from the expected precipitation within the bor-
ders of Al-Najaf Governorate. The maximum and mini-
mum amount of flowrates that the Euphrates river will
receive will be equal to 452,000 m> (December 2026) and
397,000m’ (January 2022), respectively. The Euphrates
river will not receive any additional quantities of flowrates
from April to September for the years from 2022 to 2028. In
January, the amounts of flowrates added to the Euphrates
river will range from 280,000 to 293,000 m> (2022-2028),
for February 270,000 to 308,000 m> (2022-2028), for March
30,000 to 75,000 m> (2022-2028), for October 110,000
to 195,000 m> (2022-2028), for November 270,000 to
308,000 m> (2022-2028), and for December 345,000 to
452,000 m°> (2022-2028). The total quantities of flowrates

AUG. SEP. oCT. NOV. DEC.

JUN. JuL
Months

Figure 9: The total future predicted biennial flowrates of the Euphrates river.
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added to the Euphrates river in the year 2022 will be
1,475,072m>; for the year 2024, it will be 1,456,037 m’;
for the year 2026, it will be 1,535,945 m>, and for the year
2028, it will be 1,378,403 m>. Eventually, it is obvious that
in the year 2026, the expected results, as illustrated in
Figure 9 show that the flowrates of the Euphrates river
obtained from rainfall will be greater than the investigated
years that have been studied.

7 Conclusion

Water scarcity is one of the most important issues afflicting
the world in recent decades, which came suddenly as a
result of the exacerbation of global warming. Iraq is
located in the regions classified internationally as desert
and suffers from high temperatures, which causes a rise
in evaporation rates and thus the deterioration of the
sources of water availability represented by the Tigris
and Euphrates rivers. Global warming has a negative
impact on Iraq through a decrease in the intensity of
precipitation, which can help to some extent and reduce
the problem of water scarcity. Therefore, the expected
future rainfall intensity in the short-term every two years,
2022-2028, has been studied in the current research with
the aim of estimating the quantities of water/flowrates that
will be received by the Euphrates river specifically, which
passes through the eastern side of the study area (Al-Najaf
Governorate). The Euphrates river bifurcates its main
corridor within the borders of Al-Najaf Governorate into
two rivers, Al-Kufa and Al-Abbasiya, with a total surface
area for each of them, with their branches estimated at
16,036,750 and 6,416,200 m?, respectively. To predict
future precipitation, a SDSM for the Al-Najaf Governorate
is created using the SDSM tool. The statistical model has
calibrated using the scenario CanESM2_rcp8.5 through the
predictors nceps850gl (specific humidity at 850 hpa) and
ncepshum-gl (near surface specific humidity), and the
results were good and reliable. The results showed that
the rates of rainfalls in Al-Najaf will be close to zero in
the coming years, 2022-2028, from April to September,
while the months that will witness some quantities of
rainfalls will only be January, February, March, October,
November, and December, with varying precipitation rates,
where the maximum of which is 20 mm (December 2026)
and the lowest is 2mm (March 2026). Through relying
on the results of future predicted precipitation and
the available total surface area of the Euphrates river,
which consists of the Al-Kufa and Al-Abbasiya rivers, the
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additional flowrates to the Euphrates river are calculated
from the future estimated precipitation. The results
showed that Al-Kufa river will receive a total flowrate of
1,053,552m> (2022), 1,039,956 m> (2024), 1,097,030 m’
(2026), and 984,507 m> (2028). While the Al-Abbasiya
river will receive a total of additional flowrate from the
precipitation estimated at 421,519 m> (2022), 416,079 m>
(2024), 438,914m> (2026), and 393,895m> (2028). In
conclusion, the total flowrate that will be added to the
Euphrates river will be estimated at 1,475,072 m> (2022),
1,456,037 m> (2024), 1,535,945 m> (2026), and 1,378,403 m’
(2028).
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