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Introduction

Iraq has two Rivers Tigris and Euphrates. The two rivers start at Turkey and keep flowing
through Syria, Iraq, and join to form Shatt al Arab in the south of Iraq and then pour into the
Arab Gulf. The Tigris and Euphrates rivers are major water resources to the life of Irag, but
they sometimes threaten it because the disturbance of seasonal water flows. Different parts of
these rivers are frequently flow very rapidly while most of time the water flows very smoothly
(Al-Ansari, 2016). The level of water in these rivers are at lowest from September to December,
and high level in spring season through months March, April, and May, also may cause a flood
in this time. Otherwise, one season's flood may be ten or more times as great as that in another
year (Nadia and Al-Khagani, 2016; Al-Hathal et al., 2012).
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The two Rivers have experienced radical reductions in water flows in recent years due to
Turkish hydro-engineering structures and regional droughts (Adamo et al., 2018; De-Menocal
et al., 2000). Turkey and the Syrian have construction many dams at Euphrates River basin,
these dams are caused a sharp decrease in downstream flow, the quantity of water entering Iraq
fell by 25 % causing acute tension between the countries (Al-Azawi et al.,2013). Also, most of
water resources in Iraq have suffered from serious an unconscionable management especially
Euphrates River. The water crisis has serious sociological and economic effects and caused
serious change in rivers system like develop more islands and sand bars and consequently
reduce rivers capacity (UNEP, 2004).

In this context, this work is evaluated the Euphrates River in center of Iraq, which suffer
from many problems which increased from last century. The majority of flow in Euphrates
River comes from precipitation in Turkey which receives an average of 1000 mm of rainfall
per year compare to 300 mm t0150 mm in Syria and Iraq (Al-Azawi et al., 2013; UNEP, 2004).
The climate factors are varied with river direction between the region of river entering Iraq
border upstream at Hassiba station and downstream region until reach Shatt Al Arab due to
topographic variation (Klaphake et al., 2005; Nasirian and Salehzadeh, 2019). The most notable
natural hazard in Irag and surrounding areas further to the arid climate are extreme temperature,
low humidity, little precipitation and strong sand -dust wind (Medzini and Wolf, 2006) Since
last decades, Iraq suffers from the hydrological drought events due to different climatic factors
as results of global climate change (Klaphake et al., 2005; Moneer, et al., 2022).

There are other factors made water crisis escalate, lead Iraq entered into a water deficit
that does not keep pace with its average needs estimated at 60-75 billion m3 (Klaphake et
al.,2005; Wolman and Gerson, 1978). The first aspect is the drought, its accompanied with
political and legal aspects, related to the fact that water sources collapse of Iragq has occurred
outside its borders. Thus, the upstream countries control water quantity and build dams on it,
ignoring the rules of the international rivers law (Medzini and Wolf, 2006). The second aspect
is environmental pollution due to source countries dumping wastewater and the accompanying
chemical fertilizers and pesticides (Al-Ansari, 2013; Abdulraheem, 2015). As for third aspect
of water problem, it is the large population growth in Irag, estimated at 4%, and this rapid
increase will put a great pressure on the available water resources, which they cannot bear
(WBG, 2020; Al-Barakat et al., 2018 ).While for the fourth aspect represented by global
climatic changes, and be the most dangerous natural factor that cause water crisis, even if they
were originally caused by human causes (Zang and Liu, 2013; Al-Jawadi et al., 2023).
Evaporation has an impact as climatologically factor, which strongly related with temperature,
strong winds, land use and other water resources (Sissakian et al., 2013). It has great extent to
help to determine the number of contaminants and sediment in water to reference the quality of
the water resources. It has an effect on instability event and movement in the soil mass that
deliver large input of fine grained sedimentary (Al-Ansari et al., 2012).

In Iraq, despite of hypothesize that dam construction and water development projects
have been a primary driver of change in annual water flow and hydrologic regime, but there is
another important factor led to serious changes in water regime. Therefore, the aim of this study
is evaluated main reasons causing water scarcity crisis, it is expected the impact of these factors
will increase cumulatively, and the crisis of water scarcity will escalate with it. The objectives
of research are identifying these reasons including; 1) Severe climate change and high
evaporation caused degradation in river system besides drainage water effect; 2) the changes in
Euphrates River hydrology due to upstream dams’ operation; 3) and the construction of
hydraulic structures in Iraq.
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Study Site

After passed Iraqgi- Syrian border, the Euphrates River is continuous in flowing crossing
narrow valleys and desert lands until entering the Mesopotamian plain to reach Al Hindiyah
Barrage where splits into two branches Al-Hillah channel and Al-Hindiya channel. The
watershed is selected to study is situated around main stream of Euphrates River (Al Hindiyah
channel) which extended from northern Al Hindiyah Barrage until Al kifil town. This area is
considered as one of the most important regions that Euphrates River passes through (Figure
1). The river stream is only and most important resource of water to the agricultural lands and
human uses. The massive lands use (e.g. built dikes and drainage networks) have severely
affected river hydro-pattern from last century (Moneer et al., 2022). The mean annual rainfall
in the area is 98- 110 mm that occurs mainly in winter season between November and March
The rainfall is unreliable with a large fluctuation from year to year (UN-ESCWA, 2013). The
summer in this region is very hot and dry with day shade temperature frequently reached a
maximum 48.0 °C in July and August. As well, a lot of environmental problems have risen as
a result of installation a wide-open drainage network and a wide field drain spread in both sides
of channel which designed to reduce salinization problems from thousands of hectares of
agricultural lands (Al-Ansari et al., 2012). In another way, the climate events have a significant
affect in Physical and chemical properties of river water.
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Fig. 1. Map of Iraq (left); the start and the end of study reach along Euphrates River (right)

Despite of maintains efforts to increase the capacity of river to carry water, but there is a
necessity to evaluate main factors have an effect on river regime. This research will identify the
change in the flow system of the Euphrates River and recognize the roles of dams versus climate
on these observed changes. The climate with its multiple elements like the intensity of rain,
change in temperature, and evaporation which are the most important factors directly affecting
on water resources.

Methodology
Data Sources

The monthly climatologically parameters are collected from GCMSM (General
Commission of Meteorological and Seismic Monitoring) to the cities surrounding river reach
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for period between 1971 and 2022. The increase in temperature is recorded in the upstream
region comparison the downstream river with a rate of 31% and 37.5%. The central part of river
basin experienced severe changes in annual temperature (Al-Ansari et al., 2012).

Data Analysis

A statistical analysis is used for analyzing the homogeneity of hydro-climate data and test
the significant change- points to evaluate trends over time period. The probability of identifying
change-points depends on how large variation is relative to the change (Al-Jawad et al., 2019;
Bozkurt and Sen, 2013; Villarini et al., 2011). The position and significance of change-points
were analyzed using a non-parametric test (Pettitt's test) that requires no assumption about data
distributions and applied to detect a single change-point in continuous data (Salarijazi, 2012;
Bosch and Hewlett, 1982). It uses the Mann-Whitney statistic for Hypothesis testing, the Null
Hypothesis HO and the Alternative Hypothesis H1for two samples (before and after the change-
point) come from the same distribution. Choosing the change-point that maximizes the
statistical approximate probability is good if p <0.5 (Pettitt, 1979). Homogeneity is calculated
in Microsoft Excel using the XLSTAT tool, and analyzed over selected period of record
between (1930 and 2022). The analysis is performed for flow rate Heet upstream station and
AL Hindiyah downstream station, while the rainfall and temperature data are analyzed for
Jarablus station in Syria, Al Hindiyah station in Iraq; and Annual fluctuation in temperature for
three cities around river reach; for comparison the connection between observed changes in
climate of Euphrates River basin. The correlation between rainfall and mean annual flow at two
stations in Iraq (e.g. Heet and Al Hindiyah) are regressed against specific discharge (i.e. the
flow divided by catchment area).

The potential Evapo-transpiration is another factor strongly related water resources and
(Thornthwaite - Penman) method is more precisely defined the potential Evapo-transpiration
[27,28]. This method is used to calculate ETp based on daily meteorological records of air
temperature and hours sunshine for period (1987-2022). The potential Evapotranspiration is a
theoretical monthly value based on 30 days/month and 12 hr sun shine / day as follows:

ETp= 16(%“)“ (iv—z) (D)

12 Ti\1514
o =0.675*10%*]3- 0.771*10**J 2+ 0.01792* J+ 0.49239 .... 3

Where; ETp is Potential evapotranspiration for each month (mm / month), Ti is mean
monthly air temperature in C°, and N is average number of hours between sunrise and sunset
in a month.

Results and Discussion
Climate Change

In view of impact the climate with its multiple elements like the temperature, rainfall, and
evaporation as the most important factors directly affecting the Euphrates water feeding and as
basic components effect on water resources, thus, details of analysis is representing as follows:

Temperature

The temperature has a direct effect on atmospheric pressure, and then on wind movement,
rainfall and the amount of evaporation, whose rates rise with the rise of temperature (Addinsoft,
2019; Akanda, et al., 2007). The temperature range above 45 C° in June, July and August to
lower than 8 C- and sometimes below freezing from December through February. The study
area classed as (arid — desert) hot region according to Koppen's climate classification and sub
arid — moist according to climate classification.
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According to the collected data from (Iragi Meteorological Organization, 2022), the
annual fluctuation in temperature during the period from 1971 to 2022 between stations in Syria
and middle region of Iraq are presented in (Figure 2 A and B). The homogeneity test shows
very clear rise in temperature and significant variation records between two riparian countries
Iraq and Syria.

The Annual fluctuation of temperature in main (Karbala, Al Najaf, and Babylon) around
study river reach is shown in (Figure 2 C) for period from 1971 to 2022.Between one decade
and another there is arise between 2.0 and 3.1C°. Thus, the average temperature in Iraq is
increased with about 10 C° from1971 until 2022, and this became clear after decade of the 1990.
It has estimated that temperature will rise more than 3 degrees above its average during next
twenty years, and this rise has serious environmental effects (Al-Azawi et al., 2013).

From statistical analysis to the annual temperature values, the change-points at Jarablus
station in 1993, which analyzed with the Null Hypothesis Ho=10.8, while Alternative
Hypothesis H1=11.5; and give a good probability P<0.0001. In AL Hindiya station, the change
-Point in 1994, with Null Hypothesis Ho= 177.3; and Alternative Hypothesis H1=137 with
probability P= 0.026 as indicated in [Figure 2 A and B]. This value is seemed small but
significant in statistics, because its below least 5% (or 0.05). Therefore, it’s important to
conclude that the data supports the Alternative Hypothesis; there is a relationship between the
variables.
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Fig. 2. The Isometric lines of annual temperatures for period between (1970 and 2022); A) Jarablus in
Syria, and B) Al Hindiyah in Iraqg; C) Annual fluctuation in temperature for three cities around river
reach
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Rainfall

Another effective element is the rainfall, it is not reliable into the region and records have
shown large fluctuations from year to year. When rainfall is used as a base to classify the
climate, two seasons can be noticed; dry season starting from April to September and wet season
starting from October to May (IPCC, 2007). The characteristics of topographical area and
climate behavior play important roles in this variation. According to the monthly data collected
from (Iragi Meteorological Organization, 2022) for period between 1970 to 2022 indicated the
rainfall is sparse in Iragi lowlands of Mesopotamian Plain, short duration high-intensity
rainstorms account for the dominant contribution to low annual total
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Fig. 3. The isometric lines of annual rainfall for period between (1970 and 2022); A) Jarablus in Syrian,
and B) Al -Hindiyah in Iraq, C) Annual fluctuation of rainfall for some station around study river reach.

rainfall (Al Ansary, 2012). The rainfall in [Figure 3] shows noticeably reduction and
variation from year to year with an irregular distribution in time and space

The extreme yearly variability in the wet and dry periods between 43 and 167 mm /year
on the rain gauge measure and a mount can drop to minimum value as 42.82 mm in dry water
years. The records in (Figure 3 A and B) are indicated that decreasing in amount of rainfall
records downstream regions of river at a rate of 33% ranging between 100 and 150mm/year
with overall average annual rainfall of order 107.51 mm per year with around 73% occur during
November, December, January, and February. The intensive rainfalls storms take place during
December to March while no rain cover the rest period of year (IPCC, 2007). The annual rainfall
is detected for Jarablus station in (Figure 3 A), and also a significant decrease in rainfall is
detected in Al Hinidiyah station (Figure 3 B). It is noted that the amount of rain in AL Hindiyah
station is less than quantity in upstream Jarablus by more than 400 mm.
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From statistical analysis to the rainfall over the period of record from1970 to 2022, the
significant change-point at Jarablus station in 1993 with the Null Hypothesis H0=17.5; and
alternative Hypothesis H1=18.5 with approximate probability for a two-sided test is calculated
P<0.0001. The change —points at AL Hindiya station in1994 with the Null Hypothesis
H0=198.8; and Alternative Hypothesis H1=167.4. While the approximate probability is good
for P=0.024 (Figure 3 A and B). Therefore, the p-value is less than .05, thus the data supports
the Alternative Hypothesis, there is a relationship between the variables.

When reviewing (Figure 3 C), it noticed the amount of change in rainfall during the period
1971-2022 in three main cities around Euphrates River reach indicates that during decade of
1980 s was less than the amount of fell during the decade of the 1970 s. While its slight
decreases in the 1990 s than in 1980 with amount of 10.8, 4.9, and 10.1 mm, for main cities
respectively. As for the decade of 2000 the amount of rain in all stations decreased by an amount
5.1-85.7 mm and as a percentage value between 4.1 -39.3 %than 1990s.

The characteristics of topographical area and climate change play important roles in this
variation for example; at a day at Babylon city with about 42 mm of rainfall occurred, even
though the total annual rainfall in the same year was 105 mm compared with other stations.
There is an increase with about 0.5- 31.8 %, and these varieties of rainfall events can produce
a great surface runoff resulting erosion.

In general, it is noted that the trend is toward a decline in the amount of rain, especially
during the decade of the 2000 s due to growing effects of global warming and climate change.
Consequently, limited rainfall may expect to deteriorate of Euphrates water discharge
downstream in terms of increasing salinity and decreasing nutrients because of high evaporation
process, leading to decline renewal water rates with rainwater and runoff (Al -Qatrani, 2012;
UNDP, 2009). While high intensity rainfall has a great influence on groundwater replenishment
and on leaching of soluble salts from soil profiles the shallow groundwater and then to the river
waterway.

Evapotranspiration and Aridity Index

The results of potential Evapotranspiration ETp and Aridity Index are calculated based
on daily Meteorological records between1987 to 2022, and the values are illustrated in (Figure
4). The mean annual values of Evapo-transpiration are ranged between 1303-1713 mm/year for
main cities around studied river reach stations. Rainfall is exceeded Evapotranspiration range
between December and March as between 6 and 12 mm/month depend on the amount of
moisture available.
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In area around river reach the evaporation rates are higher with hot summer months June,
July, and August. The mean annual Evapo-transpiration values are between 300 to 450 mm per
month and average annual value about 2416 mm per year. For example, its extent to average
2170 mm as max. value in Lake Abu Dibiss that feeding by Euphrates River. While the
evaporation rates is raised at Al Hindiya station with about average value 3286 mm. it has a
significant impact on increase water losses by evaporation. The average monthly evaporation
rates are ranged with about 375 mm in July, unlike winter months which record with average
valuen52 mm. Aridity index is significant factor for tracking the effect of climate change on
local water resources (Holthaus, 2014; UNDP, 2009). Aridity is a function of rainfall, the
potential Evapotranspiration rate, temperature, winds and humidity factors. Whether climate is
moist or dry is dependent upon both the amount of rain and temperature and whether or not the
rainfall is greater or less than the amount of water needed to offset evaporation and plant
transpiration. The fluctuation values of aridity index values range between 0.028 and 0.128 as
shown in (Figure 4).

Thus, depend on the classification of (UNDP, 2009) the calculated Aridity Index Al is
0.0714. 1t is classified as arid region which have low Humidity. The evaporation from free
water surfaces is up to 12 mm/ day (IPCC, 2007), while an average annual evaporation is about
1500-2000 mm depend on maximum temperature and humidity.

Thus, depend on the classification of (UNDP, 2009) the Aridity Index Al represented the
average degree of was calculated 0.0714. Its classified along arid region which have low
Humidity. The evaporation from free water surfaces is up to 12 mm / day (IPCC, 2007), while
annual evaporation is about 1500-2000 mm depend on maximum temperature and humidity.

Hydrological Condition
Sources of Discharge

Due to a large area of the Euphrates basin in Iraq, it has been variety in water feeding
sources, and the rainfall is the first source of feeding (Al-Ansari and Knutsson, 2011). As for
the percentages of water supplied to the river that 82 % comes from Turkey, 9 % from Syria,
8.97 % comes from the seasonal desert valleys in Irag, and 0.3 % comes from Saudi Arabia
(Al-Ansari, et al., 2014a). It is noted that Iraq is contributed by very few and fluctuating
proportions of their imports due to their exposure to seepage and evaporation because of its arid
climate. The feeding is concentrated during the winter and spring seasons ranging between 6.41
and 3.49 %. Despite the high percentage of rain feeding, the discharges during this period are
unstable and fluctuated according to the fluctuation of rain falling on the whole river basin.

The second source of feeding water is the melted snow in mountain of Turkey, and its
nutrition concentrated in the spring. It begins with melting in the months of April and May
because of rising temperatures addition to the rainy season. It occupies the second place in the
nutrition ratios as ranged between 26.2 and 41.1 % of the total expenditures. This period is more
stable than the previous period because it’s relied on the melting of snow accumulated on the
heights after the high temperatures, addition to the falling rains, so it will build and maintain
more nutrition and stability.

As for the third source is the groundwater which is related the amounts of rain and melted
snow that seep into the ground, and the groundwater recharge of rivers occurs in the summer
due to the interruption of other sources of nutrition (Al-Ansari, et al., 2014b). It occupies the
last rank in the nutrition ratios, which ranged between 14 and 27.4%. The previous ratios on the
sources of nutrition for the three types of rivers gave a very clear view to the size of contribution
of each source despite their overlap with each other. However, one should not lose sight of the
annual variation of these ratios in relation to their rates depending on the characteristics of the
water year, whether it is dry, medium or humid (UNDP, 2009). The Hydrograph of the mean
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monthly flow at AL Hindiyah Barrage site is separated as before and after 1973 as shown in
(Figure 5).
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Fig. 5. Hydrograph of the mean monthly flow at AL Hindiyah Barrage as before and after 1973
Flow Conditions

From documents are issued by the (Ministry of Water Resources / General Directorate of
Water Resources Management), the variation in rate of flow data at station Jarablus in Syria
and three main stations in Iraq (e.g. Hussiaba, Heet and Al Hindiyah) for period 1930-2022 are
represented in (Figure 6). It is noted the discharges at Husaiba site has decreased very clearly
since 1970, and reached their lowest level in the 2000 s with about 517 m?/ sec, which is lower
than the general average of 819.5 m3 /sec by37 %. The average annual discharge of the
Euphrates River at Heet is 1000 m /s and changed widely from less 200 m®/s to more than 2000
m3/s through the period of records depending on the volume and timing of rainfall in upstream
countries.

The data analysis shows fluctuation changes in monthly and annually discharges records
in period between 1930 and 1989, there is a sharp fell to 98.85 m 3/sec in 1974. There is a
sudden increase in annual average discharge in flood season as 1272.3 m 3/sec and 888.44 m
3/s recorded in 1969 and 1988 respectively. then a significant increase during the main rainy
season, where the average monthly discharge is dropped from 595.10 m ¥/s for the period 1930-
1989 to about 257.13 m 3/s for the period 1990-2014. As well as, the case downstream Al-
Hindiya Barrage site with the exception of slight rise in the eighties. Then, it returned to decline
and reached its lowest level in the two thousand decade reaching 213 m?® /s, which is lower than
the general average of 515 m 3 /sec by 58.6%.

In general, the flow data of river regime during a period 1970 to 1990 considered, as there
was limited in water regulation of the runoff-generating area in Turkey. The natural flow regime
has represented with a high-flow season from October to April and a low-flow season from
June to September. This is a regular feature in hydrological of arid regions where no /or few
tributary rivers discharge within the area. The discharge has increased during the flood season,
because the high flow generated in upstream highlands and typical in 1970.

After 1990, the fluctuation in annual discharge data is continued with a significant fell
trend in level of records compared to the last periods until the end of measurement years. The
impact of the dry years in 2000 and 2001 is more pronounced, with release rates approximately
1/3 rd of the normal water release rates. Under the current water management regime, droughts
form a major natural hazard that affect water supplies in the basin, as witnessed in recent
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decades in Irag. While the decline in outcome from Al Hindiyah discharge rate in period 1990-
2022 year is because construction and operation of the Keban dam in Turkey and the Tabga
dam in Syria led to a shift the Euphrates flow regime. The increased regulation of the naturally
flow regime of the Euphrates resulted in less powerful seasonal flow variation with higher dry
season flows and lower wet season flows.

Jarablus , Syria (120,000 km?) A Hussaybah, Iraq(221,000 km?) B
2000
2400 =
2 2000 ':5, 1600
51600 g nw
e =
= 1200 3
E 3 800
= 800 8
= s
= : 400
= 400 -
0 0
ST Lo TOMNOOoOTREMNOSOD TSSO T
T TN NS S0 o O O
[ = = W W= O W e e e e e e e O e e e e e e e e}
e o o e L
Time ( Year) Time ( Year)
00 C 1400 Al Hindiyah.Iraq(274,100 km?) D

1800 change Point :1971 )
- Hy=957.8 H,= 1200 change Point :1989
21600 ot Hy=578.9 H,=230.7
g 1400 ¢ 1000 P<0.0001

Mean monthly flow ( m3/s)
2
—]

Time (Year)

Fig. 6. Mean monthly flow in Euphrates River from 1930 to 2022 at stations: A) Jarablus in Syria, and
three stations in Iraq B) Husiaba, C) Heet and; D) Al Hindiyah

Homogeneity tests as statistically significant change-point applied over the period from
1930 to 2022 for identified in Euphrates River flow at two stations Heet and Al Hindiyah. At
Heet station statistically significant change-points in 1971 with Null Hypothesis H0=957.8 and
Alternative Hypothesis H1= 583.6, The approximate probability is P < 0.001. The p-value is
less than .05, the data supports Alternative Hypothesis. While at AL Hindiya station the change-
point in 1989 with H0=578.9, H1=230.7 and probability <0.0001 as indicated in (Figure 6 C
and D)

Effect of Hydraulic Structures

In this research, it is important to consider the effect of hydraulic structures, old Al
Hindiyah Barrage and New Al Hindiyah Barrage are located upstream river reach. The function
of new Barrage was controlled water level and distributed water as rotation system for every
branch that located northern side barrage and the main stream of Euphrates River at another
side. From last century, the sediment augmentation was threating the studied river reach n spite
of efforts to maintain processes to remove excess of sedimentation. This issue has led to reduce
the capacity of river width, depth and change the cross sections patterns of river. Besides,
minimize the amount of the discharge and block water streams by fluvial sediment. The
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sedimentation process increased the silting areas and many bars and islands appeared due to
water scarcity and minimize rate of flow.

In 2009, a UNESCO report formed that the level of water in the Euphrates River have
retraction by more than two- thirds and premonitory these vital lifelines could dry up completely
by 2040. This problem threatens an environmental catastrophe in Irag. Iraq also constructed a
complex network of canals on the Euphrates River, diverting Euphrates water to the dam lakes
such as Al -Habbaniyah lake and Al Tharthar lake, which store overflow flood water, but
recently these lakes suffer from shortage of water. These structures have also suffered from a
large accumulation of sediment which caused a serious flood in upstream tributaries were
featured to concern that reservoirs have become a reason for trapping sediments (Al-Ansari, et
al., 2014c). The sediment augmentation was threated Euphrates River downstream Al Hindiyah
Barrage in spite of efforts to maintain processes to remove excess of sedimentation. This issue
has led to reduce the capacity of river, river depth and change the cross sections patterns of
river. Besides, minimize the amount of the discharge and block water streams by fluvial
sediment. The sedimentation process increased the bars and islands appeared due to water
scarcity and minimum rate of flow.

The values in (Figure 7) is illustrated the relationship between Euphrates River flow rate
and water storage at Al Hindiyah barrage comparison main dams in riparian countries with data
separated as (pre-1971) and as (post-1971) periods. In particular, the year of 1974 marks in
which Keban and Tabga dams have operated for the upper Euphrates basin, and this alteration
resulted in decreased flow and reduced flood peaks due to regulation. After 1990, Turkey
construction many dams at Euphrates River (e.g. Ataturk Dam), these dams caused a sharp
decrease in downstream flow, the quantity of water entering Iraq fell by 25 %.
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Fig. 7. Hydrological changes in Euphrates River flow from 1930 to 2022 and accumulated reservoir
storage in the basin plotted with mean annual flow at Al- Hindiyah Barrage site

The Impact of Climate Change on Flow Rate

The relationship between rainfall and specific discharge (i.e. the discharge divided by
catchment area) is illustrated (Figure 8) for two stations Heet and Al Hindiyah with data into
separated as natural flow (pre-1971) and regulated flow (post-1971) periods of time. In
particular, the year of 1974 marks in which Keban and Tabga dams were operated for the upper
Euphrates basin, and this alteration has resulted in decrease flow and reduced flood peaks due
to regulation. At both stations, the natural flow regime was described by a relatively relationship
between flow and annual rain with regression R? = 0.677 and R?= 0,637 for Heet and AL
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Hindiyah stations respectively. The slope varied between 0.41 and 0.18 in two stations
indicating that 41% and 24% of weighted basin area and recorded mean annual flow of 967 m*
/s and 638 m 3 /s at the Heet and Al Hindiyah stations. While regulated flow at both stations
had much lower regression factor R?=0.432 and R?= 0.413 for both stations respectively
indicating a vast reduction in water transportation and utmost shift in the Euphrates River flow
system.

The relation between rainfall and specific discharge in regulation period (post-1971)
indicating a vast reduction in water quantity and utmost shift in the Euphrates River flow
system. This clearly shows the impact of climate change on water scarcity, especially since rain
occupied the first place in water nutrition ratios as well as its impact on other sources of feeding.
Perhaps this relationship between rainfall and Specific discharge is due to human intrusion in
amount of discharge. It was consistent with the climatic data that recorded a decrease in the
amount of rain and an increase in temperature for the same period, and it has noted that most
stations recorded the highest temperature increase after 1999.
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Fig. 8. Mean annual Euphrates River specific discharge at Heet and Hindiyah versus area weighted
rainfall in the natural and regulated periods before and after 1971

The amount of rainfall also decreased in the same year, which reached its peak in the
2000s, especially in two years 2007 and 2008, and this clearly shows the impact of climate
change on water scarcity, especially since rain occupied the first place in water nutrition ratios,
as well as its impact on other sources of nutrition. It is not a requirement that all of mention
correlations be medium to show the relationship of climate change with decline in water
quantities, as the problem of water and water drainage has affected by several factors that
contribute in different proportions to its emergence as mentioned previously.

Conclusion

Euphrates River is one of the main rivers in Iragq country and playing a vital role as a key
of freshwater source. This river was affected negatively by climate change and an
unconscionable management policy of riparian countries by constructed large water projects
have caused serious variation in river regime and created a threat to the natural cycle. Therefore,
this assessment is evaluation to the essential factors causing serious change in the river regime
and water flow since 1970. Thus, the results of evaluation are outstanding to the following
points:
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1. The Iragi water crisis has principal causes, and the climate change is one of the most
important reasons. Also, the diversification in Iraqi hydrological and topographical
conditions from upstream to downstream have assessed for more alteration in river regime.

2. The upstream countries have a significant effect on flowing water by causing serious
reduction in downstream water flow since the early 1970 s with construction more Dams has
affected river basin in downstream

3. There is a clear correlation between the decline in water revenue, the decrease rain for and
the rise in temperatures in most of the stations in Irag, and thus the impact on the decline in
the rates of water supply from the various sources of feeding the river.

4. From statistical analysis to rainfall fluctuation the significant change-point in Jarablus in
1993 with the Null Hypothesis HO=17.5 and Alternative Hypothesis H1=18.5 with
approximate probability for a two-sided test is calculated P<0.0001. The change —points at
AL Hindiya station in 1994 with the Null Hypothesis H0=198.8 and Alternative Hypothesis
H1=167.4. While the approximate probability is good for P=0.024.

5. Iragi dams’ operation has an effect on Euphrates River inflow, the Change-point at AL
Hindiya station in 1989 with H0=578.9, and H1=230.7 and probability P<0.0001.

There are some recommendations must be taken with a strategic goal of the Iraqgi
governments, if the river has retained the vital role in the region, it should strengthen operational
capacity and enhance the ability to monitor and regulate rainwater harvesting, hydrological
tracking weather patterns and geographical mapping of groundwater levels. The Euphrates
River basin is expected to experience change in weather due to the global EI Nino phenomenon
and proactive warning for multi-year forecasting to the future effect of drought and mitigating
its risk on water resources.
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