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ABSTRACT 

       The expansion in water projects implementations in Turkey and Syria becomes of great 

concern to the workers in the field of water resources management in Iraq. Such expansion with the 

absence of bi-lateral agreement between the three riparian countries of Tigris and Euphrates Rivers; 

Turkey, Syria and Iraq, is expected to lead to a substantially reduction of water inflow to the 

territories of Iraq.  Accordingly, this study consists of two parts: first part is aiming to study the 

changes of the water inflow to the territory of Iraq, at Turkey and Syria borders, from 1953 to 2009; 

the results indicated that the annual mean inflow in Tigris River was decreased from 677 m
3
/sec to 

526 m
3
/sec, after operating Turkey reservoirs, while in the Euphrates River the annual mean inflow 

was decreased from 1006 m
3
/sec to 627m

3
/sec after operating Syria and Turkey reservoirs. Second 

part is forecasting the monthly inflow and the water demand under the reduced inflow data. The 

results show that the future inflow of the Tigris River is expected to decrease to 57%, and reaches 

301m
3
/sec. The Mosul reservoir will be able to supply 64% only of the water requirements to the 

downstream.   The share of Iraq from the inflow of the Euphrates River is expected to be 58%, 

therefore the future inflow will reach 290 m
3
/sec. The Haditha reservoir will be able to supply 46% 

only of the water requirements to the downstream, due to reduced inflow at Iraqi border in the 

future. 

 

Keywords: Time series; Reservoir operation; Tigris –Euphrates River; Dam; and Forecasting. 

      

 تحليل تذفق البياناث لسذي الموصل وحذيثت
 مريم نعيم عودة                             احمذ عبذ الصاحب محمذ علي  

 مٍىذص     انبزفظُر    

 َسارة انمُارد انمبئٍت                                                                                                               خبمعت بغذاد  -كهٍت انٍىذطت    

 

 الخلاصت

ان انتُطع فً اوشبء مشبرٌع  انمٍبي فً كم مه تزكٍب َطُرٌب تمهك انعبمهٍه فً حمم ادارة انمٍبي فً انعزاق حٍث نٍض ٌىبن       

اتفبلٍت ثىبئٍت بٍه انذَل انمتشبطئت )تزكٍب َطُرٌب َانعزاق ( نلاشتزان فً مٍبي ٌذان انىٍزان انذَنٍبن دخهت َانفزاث ممب طبب فً 

 نُاردة نهعزاق. اوخفبض كمٍبث انمٍبي ا

ٌذي انذراطت تتكُن مه خشءٌه :اندشء الاَل ٌُ  دراطت انتغٍز فً كمٍت انُارداث انمبئٍت انمبدمت نهعزاق عبز انحذَد انتزكٍت      

.  َاشبرث انىتبئح انى ان انمعذل انظىُي نهُارد عىذ انحذَد نىٍز دخهت اوخفط مه  2009انى عبو  1953َانظُرٌت نهفتزة مه عبو 

و 677
3

و 526/ ثب  انى  
3

/ ثب بعذ تشغٍم انظذَد انتزكٍت. امب ببنىظبت نىٍز انفزاث فأن انمعذل انظىُي نهُارد عىذ انحذَد اوخفط مه 

و 1006
3

و 627/ ثب  انى 
3

/ ثب بعذ تشغٍم انظذَد انتزكٍت َانظُرٌت. اندشء انثبوً ٌُ  تخمٍه انُارد انمبئً انشٍزي َالاحتٍبخبث 

و301% نٍصم انُارد انى57هت انُارداث انمبئٍت, حٍث ان انُارد انمظتمبهً نىٍز دخهت طٍصم بىظبت انمبئٍت فً ظُء ل
3

/ثب َان طذ 

و 290% مه الاحتٍبخبث انمبئٍت نىٍز دخهت. ان انُارد انمظتمبهً نىٍز انفزاث طٍصم انى 64انمُصم طٍهبً 
3

/ ثب عهى اطبص ان 

 مه الاحتٍبج انكهً نىٍز انفزاث.% 46ت % َعهًٍ طٍهبً طذ حذٌث58انحصت انمبئٍت انعزالٍت  مه وٍز انفزاث ًٌ 
 .; انتخمٍه طذَد   ; وٍزي دخهت َانفزاث ; : انظهظهت انشمىٍت ; تشغٍم انخشاوبثكلماث رئيسيت 
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1. INTRODUCTION  

        The Tigris River is the second longest river in southwest Asia (1,840 km). The Tigris River 

rises in eastern Turkey near Lake Hazar and flows southeast to Iraqi borders at PaishKabur city, 

some of 400km from its source in Turkey Kolars and Mitchell, 1991. Through Iraq, numerous 

tributaries enter the lift bank of The Tigris River from the Zagros Mountains. Among these 

tributaries are the Greater Zab, the Lesser Zab, the Adhaim, and Diyala Rivers. While, the 

Euphrates River is one of the largest rivers of the Middle East; it originates in the mountainous 

areas of Turkey where up to 80% of the entire run off volume is formed, thenit crosses the 

territories of Turkey, Syria, and Iraq. The Euphrates River enters Iraq border at Hussaiba town. 

Many researchers have studied the Euphrates River and Tigris River basins and the Turkish 

Great Atatourk Project (GAP). Kolars and Mitchell ,1991 introduced a chart for projected 

sequential depletion of the Euphrates River for the period 1990-2040.  Ishaq ,1998 studied the 

monthly optimal operation for the Iraqi water resources system for the periods (1962-1996)by a 

adopting an objective function to minimize the release and storage penalty. The result of 

optimization and simulation model indicated a deficiency in water supply for the periods (1974-

1976) and (1989-1992). 

 El-obaidy ,2006 studied the effect of Turkish future projects implementation on Tigris River, 

this study consist of three parts; the first is to find synthetic time series. The second covers 

operating the existing and proposed reservoirs on Tigris River in Turkey. The third is to find the 

future expected water quality in accordance with the operation of the reservoirs.  The optimum 

operational policies, from the Turkish point of view, show that the minimum flow irrigation 

requirements equal to 200 cumecs at the borders with Iraq.  

Al-Bedyry ,2009 considered the Ilisu-Cizre reservoirs system as the case study, aiming at predict 

the effect of its optimal operation (from a Turkish point of view) on the flow of the Tigris River 

at the Turkish-Iraqi boarders, based on 51 years of real inflow data of the Tigris River recorded 

at Ilisu. The objectives were to test and remove a non- homogeneity from a historical monthly 

inflow data for Mosul, Dokan, and Haditha reservoir from 1952 to 2009, to analyze and forecast 

flow data of Tigris and Euphrates Rivers and to correct the monthly inflow coming to Iraqi 

borders, and the water demand according to reduced inflow data. The result of the study show 

that the annual flow at Iraqi borders will be equal to 9498MCM after operating Ilisu-Cizre 

reservoir.    

 

2.   THE STUDY AREA  

       The control system was divided into two sub systems. The first sub system consists of Mosul 

reservoir on Tigris River. The second sub system consists of Haditha reservoir on Euphrates 

River. 

        A- Mosul Dam is an embankment dam, it is the largest dam in Iraq. It is located on the 

Tigris River at the west of Ninawa governorate, approximately 50 km northwest of the town of 

Mosul, Iraq. The project is located approximately 65 km south from Iraq- Turkish border. The 

reservoir of the dam has been operated since 1986. it’s a multi- purposes reservoir used mainly 

for flood control, supply water to Jazira irrigation projects and downstream river and generating  

hydro- power with a maximum capacity of 750MW ,Swiss Consultants, 1979. 

       B- Haditha reservoir is located in the western part of Iraq about 140 Km from the Iraqi –

Syrian border. The location of the reservoir is characterized by a dry and hot summer and a mild 

winter with low precipitation. It is an embankment reservoir, with a multi-purpose project 

intended for the control of the Euphrates River run off in order to meet the demands of irrigation, 

http://en.wikipedia.org/wiki/Dam
http://en.wikipedia.org/wiki/Iraq
http://en.wikipedia.org/wiki/Tigris_River
http://en.wikipedia.org/wiki/Ninawa_Governorate
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electrical power generation and flood control to a certain extent. The reservoir has been operated 

since 1986.  

 

3. HYDROLOGICAL TIME SERIES  

       Hydrologic time series is defined as continuous sequential observations which is usually 

expressed as an average value over specific intervals of time such as mean daily, mean monthly, 

or mean annual flows. Hydrologic time series may consist of four components depending on the 

type of variable and the average time interval Yevjevich ,1972. In seasonal stream flow series 

four components exist as shown in Eq. (1): 

 

Qt = Jt + Tt + Pt + E t                                                                                                                    (1) 

 

 where: 

  Qt    is the time series value (actual data) at period t,   

  Jt   is the jump component at period t, 

 Tt    is the trend-cycle component at period t, 

  Pt is the periodic component at period t, and 

  Et is the irregular (or remainder) component at period t. 

 

    For the test and removal of non-homogeneity, the suitability of the historical data must be 

checked. The homogeneity definition requires at least two conditions: - 

1. The hydrological data series must not contain any systematic error. 

2. All the hydrological conditions should be constant. 

          If these conditions are satisfied then the series may be considered as homogeneous. These 

two conditions imply that homogenous series should be free from trend and jump component 

respectively; therefore homogeneity should be insured at the beginning of the analysis by the 

detection and removal of jump and trend components. 

        1. Jump is a sudden considerable change in the parameters of historical data such as mean 

and standard deviation of the stream flow data. A sudden increase is called a positive jump, 

while a sudden decrease is called a negative jump.          

      2. Trend component is defined as a systematic and continuous change over an entire sample 

in any parameter of the series. The causes of trend are either sequential man-made changes 

within the catchments area, extensive urban or natural causes or inconsistency (systematic 

errors).  

       There are many methods to detect the existence of jump components, such as statistical tests 

(t-test, F-test, etc.),  which can be used to check for any significant changes in means or standard 

deviations of two samples at the desired percent probability level of significant. If those tests 

indicate significance changes then it means that the two sub-samples are from different 

populations and a jump and/or trend components exist. Trend can also be detected by regression 

analysis and described mathematical by means of polynomial function. The most powerful 

method for testing homogeneity is suggested by Yevjevich ,1972. where the test for 

homogeneity is made by using the spilt-sample approach to ascertain whether or not the 

differences between the mean and standard deviation of the two sub-samples are significantly 

different from zero at the 95% confidence interval. This test requires that the sample be divided 

into two sub-samples. 
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4. ANALYSIS AND FORCASTING OF FLOW DATA  

 4.1  Mosul Dam 

      There is a gauge station at upstream Mosul dam on Tigris River. The mean monthly 

discharge data sample (1953-2009) is divided into two sub-samples; the first is (36) years long, 

(1953-1988), and the second is (21) years long, (1989-2009). Fig. 1 and 2 show the annual 

means and standard deviations of the original time-series The solid line of those Figures 

represents the average of the annual means and standard deviations of the series. The results of 

Split – Sample Test of original data are shown in Table 1.  From this table, the jump component 

exists in the annual mean and annual standard deviation. 

       The jump component on the data of the first sub-sample is removed by applying Eq. (2). 

 

 

 

where: 

 

          j,t = the annual and seasonal positions of observations, respectively. The overall mean and 

standard deviation of the last 21 years (1989-2009), were 460 m
3
/sec and 526 m

3
/sec, 

respectively. 

 

   The test is repeated using [Y (j, t)] series as the new first sub-sample, and the original second 

sub-sample, the result are shown in Figs. (3) and (4) for the annual means and standard 

deviations respectively. These Figures indicated the removal of the jump component from the 

hydrological data. Trend was detected by fitting linear regression equations for annual means and 

standard deviations against years. The correlation coefficients after removing the jump 

component are shown in Figs. (1) and (2) Those Figures show the existence of the trend 

component in the annual mean and annual standard deviation. The trend component on the data 

of the sample is removed by applying Eq. (3): 

 

)3(526460*
)12/(6.0478

)12/(5.0.540),(
),( 
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where: 

          j, t = the annual and seasonal positions of observations, respectively.  The overall mean and 

standard deviation of the last 21 years (1989-2009), were 460 m
3
/sec and 526 m

3
/sec, 

respectively. 

         After that the test was repeated using [Y (j, t)] series as the new series for all sample, the 

results are shown in Figs. (3) and (4) for the annual means and standard deviations, respectively. 

Those figures  show that the correlation coefficients are very small for linear trends, which 

indicates the absence of linear trend component. As shown in Figs. (3) and (4), the slopes of 

these lines are mild enough to be attributed to sample fluctuations, which indicate that the trend 

component is removed from the hydrological data. The series now may be considered 

homogeneous, i.e. free from jump and trend components. 

        The Results of Split – Sample Test of data after removing the jump and trend components 

are shown in Table 2, which indicates that the jump and trend component does not exist 

anymore in the annual mean and annual standard deviation. 

)2(526460*
588

677),(
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        The expansion in water projects implementations in Turkey and Syria is reduces the water 

inflow to the territory of Iraq. Therefore, the inflow data under the developement of the 

construction of additional reservoir and increase of the irrigation projects since 1952, must be 

corrected to find the optimal monthly operation rules for Mosul, and Haditha reservoirs.  The 

method used to correct the inflow data was by applying the annual flow at Iraqi border which is 

equal to 9498MCM ,Al-Bedyry, 2009. The annual mean of 57 years were 16587 MCM. So, K 

(factor) from Eq. (4) is 57.3%, the future annual mean from Eq. (5) is 301.4 m
3
/s and the future 

annual standard deviation from Eq. (6) is 264m
3
/sec. 

 

   K (factor) = annual flow at Iraqi border / annual mean at this time in Iraqi                        (4) 

   

New annual mean = Annual mean inflow after Removing the jump and trend*   K (factor)    (5) 

   

New annual standard Deviation= Annual standard Deviation after Removing the jump and 

trend* K (factor)                                                                                                                        (6) 

 

The corrected data inflow calculated by Eq. (7) as follow. 

  

 

 

 

where: 

    Y (j, t): new monthly inflow data (1953-2009). 

   X (j, t): old monthly inflow data (1953-2009). 

    The new corrected [Y (j, t)], as new series for all samples, are shown in Figs. 5 and 6 for the 

annual means and standard deviations, respectively. 

 

4.2 Haditha Dam 

      A gauge station is existed at Hesaiba town upstream of Haditha dam on the Euphrates River. 

A mean monthly discharge data sample (1953-2009) was divided into two sub-samples; the first 

is (20) years long (1953-1972), and the second is (37) years long (1973-2009). Figs. 7 and 8 

show the annual means and standard deviations of the original time-series. The solid line of those 

Figures represents the average of the annual means and standard deviations of the series. Figs. 7 

and 8 show is the presence of jump in the annual flow data of Haditha dam. 

The results of Split–Sample Test of original data are shown in Table 1.  From this table it is clear 

that the jump component exists in the annual mean and annual standard deviation. 

         The jump component on the data of the first sub-sample was removed by applying Eq. (8): 

 
        
 

 

where 
       j,t = the annual and the seasonal positions of observations, respectively, the number 241 

m
3
/sec and 627 m

3
/sec are the overall mean and standard deviation of the last 37 years (1973-

2009), respectively. 
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      The test repeated using [Y (j, t)] series as the new first sub-sample, and the original series as 

the second sub-sample, as shown in Figs. 9 and 10 for the annual means and standard deviations, 

respectively. Those Figures indicate that the jump component was removed from the 

hydrological data.  

       Trend was detected by mean of regression analysis. That was made by fitting linear 

regression equations for annual means and standard deviations against years. The correlation 

coefficients after removing the jump component are shown in Figs. 7 and 8. Those figures show 

that the trend component was existed in the annual mean and annual standard deviation. The 

trend component was removed by applying Eq. (9): 

 

)9(627241*
)12/(6.04.258

)12/(3.23.695),(
),( 






ji

jitjY
tjY  

where: 

         j, t = the annual and seasonal positions of observations, respectively, the numbers 241 

m
3
/sec and 627 m

3
/sec are the overall mean and standard deviation of last 27 years (1973-2009), 

respectively. 

         The test repeated using [Y(j,t) ] series as the new series for all samples, the result for the 

annual means and standard deviations are shown in Figs. 9 and 10.  Those figures show that the 

correlation coefficients were very small for linear trends, which indicates the absence of linear 

trend component. As also shown in Figs. 9 and 10, the slopes of these lines are mild enough to 

be attributed to sample fluctuations, which indicate that the trend component was removed from 

the hydrological data. Accordingly, the series can be considered homogeneous, i.e. free from 

jump and trend components. 

          The results of Split–Sample Test of the data after removing the Jump component are 

shown in Table 2.  This table show that the jump and trend components do not exist in the 

annual mean and annual standard deviation. 

Considering that the total inflow of Euphrates River at the Turkish-Syrian border as 500m 3/sec, 

and the share of Iraq from this inflow is equal to 58% (Ministry of Water Resources), then  

 Annual flow at Iraqi border =500 * 0.58 =290m
3
/sec, and  

 Annual Standard Deviation =134.0 m
3
/sec.  

 

 

 

 

Accordingly, the correct inflow data is calculated by Eq. (10). 

 where: 

Y (j, t): new monthly inflow data (1953-2009). 

X (j, t): old monthly inflow data (1953-2009).                           

          The new corrected [Y (j, t)], as new series for all samples, are shown in Figs. 11   and                                             

12 for the annual means and standard deviations, respectively. 

 

 

5.RESULTS AND CONCLUSIONS  

 The analysis of the 57 years (for the period 1953-2009) of historical monthly stream flow 

downstream Mosul , and Haditha reservoirs  indicate significant changes occurred through the 

period of the record, which means that the series is not homogenous. There was jump and trend 

)10(0.2900.134*
1.241

4.626),(
),( 




tjX
tjY



Journal of Engineering Volume    20    May      -     2014 Number  5 
 

 

67 
 

components exist in the data and indicated by the mean and the standard deviation. The annual 

inflow at further of Tigris River will be decreased to 57%, meaning reduction from (526 m
3
/sec to 

301m
3
/sec). 

 The annual inflow at further of Euphrates River will be decreased to 58%, meaning 

reduction from (626 m
3
/sec to 290m

3
/sec).  

 Mosul reservoir can supply 64% of the water requirements downstream with an 

actual value of 469 m
3
/sec, while the adopted value is 301 m

3
/sec due to the expected 

reduction of the inflow at Iraqi border in the future.    

 Haditha reservoir Mosul reservoir can supply 76.3%, of the water requirements 

downstream with actual value of 723m
3
/sec, while the adopted value is 551m

3
/sec at 

current study and will supply 46.3% with actual value of 551 m
3
/sec where the 

adopted value is 255m
3
/sec due to future inflow reduction at Iraqi border. 

 

6. RECOMMENDATIONS  

 This study recommended that statistical analysis should be done from time to time to 

monitor the drops in the annual inflow due to the operation of the new dams and 

irrigation projects in Turkey and Syria to improve the quality of the data in order to be 

taken into consideration in the operation of Iraqi reservoirs system. 

 The operating rules for Iraqi reservoirs must be reviewed to account for the inflows 

reduction. 

 New researches that focus on the operation of Turkish and Syrian future projects 

implementation on Tigris, Euphrates, Grater Zab and Less Zab River will be required 

to determine the future inflow and salinity at Iraqi borders. 

 Optimization of the operation of Mosul, Haditha, Dokan, Hemreen, Derbendikhan and 

Al-Tharthar reservoirs after operating new reservoirs in Turkey and Syria. 
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Figure 1.  Annual flow upstream Mosul Dam (m
3
/sec ). 

 
 

 
 

Figure 2.  Annual standard deviation of the flow upstream Mosul Dam. 
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Figure 3. Annual flow at upstream Mosul Dam (m
3
/sec ), (After removing the jump and trend 

components). 

 

 

 
 

Figure 4.  Annual standard deviation of the flow at upstream Mosul dam (m
3
/sec). (After removing 

the jump and trend components). 

 
 

y = -0.0124x + 550.51 
R² = 1E-06 

A
N

N
U

A
L 

FL
O

W
 I

N
 C

U
M

EC
S 

YEAR 

period

Linear (period)
Annual mean =-0.012*(year)+550.5 
R=0.001 

y = -0.0122x + 484.61 
R² = 1E-06 

A
N

N
U

A
L 

ST
A

N
D

A
R

ED
 D

EV
IA

TI
O

N
 I

N
 

C
U

M
EC

S 

YEAR 

period

Linear (period)Annual standard deviation =-0.012*(year)+484.6 
R=0.001 



Journal of Engineering Volume    20    May      -     2014 Number  5 
 

 

70 
 

 
 

Figure 5.  The adjusted monthly inflow (m
3
/sec) of Tigris River up stream Mosul dam. 

 
 

 
 

Figure 6.  The adjusted monthly standard deviation (m
3
/sec) of Tigris River up stream Mosul dam. 
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Figure 7. Annual flow at Haditha dam (m
3
/sec ). 

 

 
 

 
 

Figure 8.  Annual standard deviation of the flow at Haditha dam (m
3
/sec ). 
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Figure 9.  Annual flow at Haditha Dam (m
3
/sec), (After removing the jump and trend components). 

 

 
 

 
 

Figure 10.  Annual standard deviation of the flow at Haditha dam (m
3
/sec), (After removing the 

jump and trend components). 
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Figure 11.  The adjusted monthly inflow (m
3
/sec ) of Euphrates River up stream Haditha dam.  

 
 

 

  
 

Figure 12.  The adjusted monthly standard deviation of the flow at Haditha dam (m
3
/sec ). 
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Table  1.  Results test of original data. 

 

Reservoir 

Statistical 

Parameters 

Annual Mean 

m
3
/sec 

Annual Standard Deviation m
3
/sec 

M
o
su

l 

No. of Years 36 36 

1
st.

 Periods (19531988) Average 677.46 588.44 

Standard 

Deviation 
252.83 240.10 

No. of Years 21 21 

2
nd.

Periods(19892009) Average 526.44 460.76 

Standard 

Deviation 
186.76 193.79 

t-value 2.381 2.072  

t-table 2.002 2.002 

Jump 

Component 
Exist Exist 

H
a
d

it
h

a
 

No. of Years 20 20 

1
st.

 Periods (19531988) 
Average 1006.57 867.32 

Standard 

Deviation 

357.44 340.75 

No. of Years 37 37 

2
nd.

Periods(19892009) Average 627.62 241.47 

Standard 

Deviation 

285.24 145.14 

t-value 2.508 4.375  

t-table 2.002 2.002 

Jump 

Component 
Exist Exist 
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Table  2.  Results test of data after removing the jump and trend component. 

 

Reservoir 

Statistical 

Parameters 

Annual Mean 

m
3
/sec 

Annual Standard Deviation m
3
/sec 

M
o
su

l 

No. of Years 36 36 

1
st.

 Periods (19531988) Average 521.20 454.33 

Standard 

Deviation 
195.20 185.40 

No. of Years 21 21 

2
nd.

Periods(19892009) Average 534.82 471.11 

Standard 

Deviation 
189.90 196.84 

t-value -0.256 -0.322 

 
t-table 2.002 2.002 

Jump 

Component 
Not Exist  Not Exist  

H
a
d

it
h

a
 

No. of Years 36 36 

1
st.

 Periods (19531988) Average 502.00 191.42 

Standard 

Deviation 
119.45 125.28 

No. of Years 21 21 

2
nd.

Periods(19892009) Average 515.05 262.51 

Standard 

Deviation 
217.92 127.45 

t-value -0.293 -2.054  

t-table 2.002 2.002 

Jump 

Component 

Not Exist Not Exist 

 

 
 

 


