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Abstract 
Tigris and Euphrates rivers represent the artery of life in Iraq. Tigris River rises 
from Turkey and flows toward the southeast to enter Iraq. It drains a catchment 
area of 473 100 km2 of which about 58% lies in Iraq. In this study the reach, 
about 50 km long, of the river inside Baghdad was been studied. It starts at Al-
Muthana Bridge and ends at Tigris-Diyala River confluence.  Generally, the 
river reach is part of an alluvial plain, single channel and meandering. The bed 
material of the river is composed mainly of fine sand and small portion of silt 
and clay. Other significant features of the reach are the growing islands and 
bank depositions. 
Recently water resources of Iraq are negatively affected by climatic changes and 
the huge water projects in the riparian countries. As a result, the flow of Tigris 
River at Baghdad city has significantly decreased where the average monthly 
flow is 520 m3/s for the period 2000-2012 which represents about 50% reduction 
compared to previous periods. The estimated trend for the average monthly 
discharges is a reduction of 5.4 % during the last 23 years. 
Low flow and low water levels have enhanced the water to erode the banks 
below its protected part. This might affect the future stability of the banks. The 
drop of the river discharge together with debris from the last wars in 1991 and 
2003 enhanced the growing of islands in the river. In this research, changes in 
the morphology of Tigris River within Baghdad are to be investigated and the 
causes will be highlighted in order to take the right measures to restore the river 
system. This is a first step toward studying the hydrological characteristics of 
the reach. 
One-dimensional gradually varied flow model, using HEC-RAS, was applied to 
examine the flood capacity and the possibilities of inundation of the banks. The 
geometry of the river was represented by the findings from the river survey of 
2008. Additional data about the locations and dimensions of the bridges were 
supplied to the model. The average monthly discharge at Sarai Baghdad for the 
years 2000-2012 was assumed as the base flow. A range of different scenarios 
were examined by increasing the discharges in order to determine the critical 
discharge that may cause inundation. Model calibration was achieved by 
adjusting the Manning’s roughness coefficient for an observed water surface 
profile along the lowest part of the reach. The associated error with the 
computed water surface profiles was in order 0.026m. Additional water level 
observations at Sarai Baghdad were used for verification purposes.  
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It was found that the discharges higher than 2700 m3/s could cause partial 
inundation in some areas in the northern part of the reach and these areas extend 
to approximately 9 km for discharges greater than 3500 m3/s. The southern part 
of the reach is still safe from inundation for discharges below 3500 m3/s. The 
slope of water surface profile varies from 6.03 to 10 cm/km for discharges 
between 400 and 4000 m3/s respectively.  
In this study, a field survey was conducted between May, 2012 and January, 
2013. It involved the installation of 25 bench marks, surveying the upper river 
banks (from the crest of the stony protection to the water surface) and 250 cross 
sections. 
Three kinds of samples were collected at this stage work: (i) river bed material, 
(ii) suspended load samples and (iii) bed loads samples. Hydraulic 
measurements were conducted and included water surface elevations, water 
depths at sampling points, water discharges and transversal velocities. Water 
temperature and other environmental measurements were also conducted. 
Particle size distribution, specific gravity and concentration of suspended 
sediment were executed in the laboratory for the collected samples. 
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1. Introduction 
Iraq lies in the center of the Middle East, extended between longitudes and 

bounded by six countries, Turkey from north, Iran from east, 
Kuwait and Arabian Gulf from south, Saudia Arabia from south-southwest, Jordan from west 
and Syria from northwest. The longest border is with Iran for 1458 km while the shortest one 
is with Turkey for 58 km. Figure 1.1 display the geography of Iraq with the terrain.  
Iraq has the 59th gradation in the list of the largest countries [Wikipedia, 2013a] with total 
area of 438317 km2. Only 20.15% from the land are cultivated [World Bank, 2009] and 0.2% 
are inland water [Al-Ansari and Knutsson, 2011].  
 

 
Figure 1.1: Geographical Map of Iraq. [Encyclopædia Britannica, 2012] 

 
1.1 Topography 
Iraq is divided into four zones, mountain ranges, uplands, alluvial plain, and desertic plateau 
and it is distinctly shaped like a basin (Figure 1.2). Ground elevations started from sea level in 
Faw, few meters below sea level in some locations in Basra, and gently rises to few tens 
meters to the north of Baghdad consisting of the alluvial plain. The width of this portion is 
varied; it starts from 100 km near Samarra and extends towards the middle of the zone to 
reach the widest 200 km and narrows towards Basra to less than 45 km. [Al-Ansari et. al., 
2012] 
Continuing towards the northwest, the uplands region starts between the Tigris north of 
Samarra and the Euphrates north of Hit, is known as Al-Jazerah and is part of a larger area 
that extends westward into Syria and Turkey. Rivers in this region flow in deeply cut valleys. 
[Wikipedia, 2007] 
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The western plateau is located along the east bank of Euphrates River, which is an extension 
to the Arabian Desert. The elevations rise gradually towards the west to reach 940 m near the 
Jordanian borders. To the northeast of Iraq, two mountain ranges are located, the Himren 
Mountains which is the nearest to Tigris River and the Zagros Mountains which is a 
continuation to Taurus -Zagrus mountains range, and it also has the highest elevations up to 
3000 m [Al-Ansari et. al., 2012]. They extend from the northwest towards the southeast at the 
Iraq-Iran border.   
 

 
Figure 1.2: Topography of Iraq [Wikimedia, 2007] 

 
1.2 Climate 
The climate is mainly of subtropical semi-arid type for most of Iraq and according to the 
Köppen-Geiger System of Climate Classification (Figure 1.3). It is under the BWh zone, the 
desertic hot arid climate, which is an arid and hot climate with precipitation that does not 
exceed 200 mm annually and the maximum rainfall occurring during the winter months. The 
temperature during summer is usually over 43oC in the warmest months (June, July and 
August) of the year and frequently exceeds 48°C at day and drops to 25°C at night.  
Some of the uplands and the mountain regions are located within the BSh sub-climate type. 
This climate tends to have hot summers and moderate to warm winters. The average daily 
temperature during winter is about 16°C and drops at night to 2°C with a possibility of frost 
for about 10 days a year [Iraqi Ministries, 2006b, Al-Ansari and Knutsson, 2011]. 
Extreme north of Iraq is located in the Csa temperate climate, which is rainy in winter, 
precipitation ranges between 400 and 600 mm, and hot dry summer. The headwater of the 
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Tigris-Euphrates is located within the Dsa zone also the peaks of northern Iraqi mountains. 
This zone is of continental climate characterized by cold-wet winter with precipitation ranges 
between 600 to 1000 mm in some areas, with occasional heavy snows, and a dry season 
during summer [Kliot, 1994].  
 

 
Figure 1.3: Map of Köppen-Geiger climate classification system for Europe and west Asia, 

updated in September 2010. [Peel et.al., 2007] 
 
In general, the rainy seasons extend from October to May for the whole area of the country. 
The intensive rainfalls take place during December to March while low precipitations cover 
the rest of the period between November to April in the middle and southern parts of Iraq 
[Iraqi Ministries, 2006a]. The average annual precipitation increases slowly from 100 mm 
over 60% of the country in the south, it could drop to 43 mm towards the southwest, up to 600 
mm in the north and northeast, sometimes it reaches 1200 mm (Figure 1.4) [Al-Ansari and 
Knutsson, 2011].  
 
1.3 Tigris River 
Tigris River rises from the Taurus Mountains range in the southeast part of Turkey and flows 
toward the southeast for 400 km before entering the Turkish-Syrian borders (Figure 1.1). 
Three major tributaries (Butman Su, Karzan and Razuk) join the river in the Turkish part. For 
44 km, Tigris River flows through the Syrian borders without valuable tributaries.  
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Figure 1.4: Mean annual precipitation map of Iraq [UNOSAT, 2003] 

 
At the Iraqi northern borders, Khabour Tributary joins the main river as the first of five 
tributaries which contribute the river inside Iraq (Figures 1.1 and 1.5). Inside the Iraqi 
borders, River Tigris flows toward the south and reaches the first major city (Mosul) 188 km 
downstream. South of Mosul City, the Greater Zab River joins Tigris River in the midway 
between Mosul and Sharqat cities (Figure 1.5). The main river continues to the south to meet 
the Lesser Zab River at Fatha near Baiji City about 390 km from the entering point to Iraq 
(Figure 1.5). Further 90 km downstream, Tigris River passes through Samarra City and its 
barrage then it meets the fourth tributary, Al-Adhaim, at Al-Dhuluiya before it reaches 
Baghdad City (Figure 1.5). Before the Tigris leaves the southern border of Baghdad, the last 
considerable direct tributary, Diyala River, joins it at that last meander in the city (Figure 1.5). 
South of the confluence of Diyala River and until Amarah City in the south of Iraq, Tigris 
River receives small contribution from small wadies, either flow directly to the river such as 
Chabab to the south of Kut or through the marshes like Naffath, Haran and Badra. Between 
Amarah and Qurna, only the return water from Haweza Marsh can contribute Tigris River 
(Figure 1.5). Tigris River joins Euphrates River at Qurna, north of Basra, to form Shat Al-
Arab [Al-Ansari and Knutsson, 2011, Kliot, 1994, and Al-Shahrabaly, 2008]. 
Tigris River has the longest stretch and number of tributaries within Iraq (Table 1.1).  

 
Table 1.1: Percentage of passing lengths of Tigris River through the riparian countries [Kliot, 

1994] 
Country Length (km) Percentage (%) 
Turkey 400 21.6 
Syria 44 2.4 
Iraq 1418 76.6 

Total 1580 100 
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Figure 1.5: Tigris River Hydrological System. 
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Several cities have been built on the banks of the Tigris since the dawn of civilization.  
Among this is Baghdad, the capital of Iraq.  Parts of all of these cities (Mosul, Samara, 
Baghdad and Al-Kut) were inundated by the spring floods of the river in 1954, 1971 and 
1988. 
 
1.3.1 Discharges of Tigris River 
Tigris River drains a catchment area of 473 103 km2 which is divided on many basins shared 
by Turkey, Syria, Iraq and Iran (Table 1.2). The largest portion of the basins, about 58%, lies 
in Iraq (see Figure 1.6). The Greater Zab River drains an area of 25.8 103 km2 of which about 
62% lies in Iraq. The Lesser Zab Tributary drains an area of 21.5 103 km2 of which 75% lies 
in Iraq. Adhaim tributary drains an area of 13 103 km2 which lies totally in Iraq. Diyala River 
basin is 31.8 103 km2 where about 80% lies in Iraq. [Al-Ansari and Knutsson, 2011] 
 
Table 1.2: Distribution of drainage areas of the Tigris River basins [Al-Ansari and Knutsson, 

2011] 
Country  Catchment area (km2) Catchment area (%) 
Turkey  57614 12.2 
Syria  834 0.2 
Iraq  253000 58 
Iran 140180 29.6 
Total  473103 100 

 

 
Figure 1.6: Drainage Basins for Tigris and Euphrates Rivers [University of Victoria, 2010] 
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Three major tributaries (Butman Su, Karzan and Razuk) in Turkey with Khabour tributary at 
the Turkish/Iraqi border supply Tigris River by about 44% of the flow volume of water while 
the rest quantities are contributed by the tributaries inside Iraq. [Al-Shahrabaly, 2008] 
Khabur is the smallest one of the tributaries inside Iraq. The mean flow volume of Khabur is 
2.14 km3/year. Greater Zab River is one of the largest water suppliers with a mean flow 
volume of 12.3 km³/year for the past eighteen years, between 1990 and 2007. The Lesser Zab 
Tributary has a mean flow volume of 6.3 km3/year. The mean flow volume of Adhaim 
tributary reaches 1 km3/year where it runs dry during June to November each year. The mean 
flow volume of Diyala River is 4.8 km3/year. Small quantities of water (about 7 km3/year) 
come from small wadies which contribute the southern marshes directly. [Al-Ansari and 
Knutsson, 2011] 
During last two decades, water flow of Tigris and Euphrates Rivers entering Iraq decreased 
dramatically (Figure 1.7), due to the huge water projects constructed on these rivers in 
Turkey, Syria and Iran [Al-Ansari and Knutsson, 2011]. In addition, the problem became 
more severe due to the recent dry climatic period in Iraq and the region.  
No detail has been given for anticipated discharge of compensation waters from the 10.4 km3 
capacity reservoir to be created by the Ilisu Dam, yet to be completed, in Turkey and their 
potential impact on the water movements in the middle Tigris valley area. 
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Figure 1.7: Average annually flow of Tigris River for the period 1933-2007 [Al-Shahrabaly, 

2008]. 
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1.3.2 Major control structures along Tigris River in Iraq 
A number of dams, barrages and regulators have been constructed on Tigris River and its 
tributaries during and since the second half of the twentieth century (Figure 1.8 and Table 
1.3). The functionality of these structures varied between flood control, water storage, 
recreation and hydropower generation. Starting from 1939, Al-Kut Barrage was constructed 
on the river in Kut City to the south of Baghdad about 308 km to regulate the water 
discharges for irrigation purposes followed by the Samarra Barrage to the north of Baghdad 
where it was constructed to protect Baghdad city from floods. The first multi-purpose dam 
projects are the Dokan Dam on the Lesser Zab tributary and Darbandi Khan Dam on the 
Diyala River, where they have been started their duties at the beginning of the sixties of the 
last century.  
Later on, at the eighties, the Hemrin Dam on the Diyala River and Mosul Dam on Tigris 
River have been established.  
The only significant major dam constructed and operated since the last two decades was the 
Al-Adhaim Dam in 1999.  Al-Amarah Regulator has been established on Tigris River for 
irrigation purposes at the beginning of twenty-first century.  
More established control structures on the tributaries of Tigris River in Iraq are not mentioned 
here because of their minor impact on the hydrological conditions of Tigris River.  
 

 
Figure 1.8: Iraqi Dams and Regulators along Tigris River 

Dukok Dam 

Mosul Dam 

Badaush Dam 

Samarra Barrage 

Bakhma Dam 

Dokan Dam 

Darbandi Khan 
Dam 

Al-Adhaim Dam 

Hemrin Dam 

Al-Kut Barrage 

Amarah Regulator 

Baghdad City 



9 
 

Table 1.3: Dams and Barrages on Tigris River and its tributaries inside Iraq [Al-Ansari and 
Knutsson, 2011, Al-Shahrabaly, 2008 and USACE, 2003] 

River Dam Reservoir 
Capacity (km3) Function Operation 

started 

Tigris  Mosul  11.11 flood control, storage, 
hydropower, irrigation 1986 

Tigris Badoush 10 hydropower, water level 
regulating 

Under 
construction 

Greater Zab  Bakhma  17 hydropower, flood control Under 
construction 

Lesser Zab  Dokan  6.8 flood control, storage, 
hydropower, irrigation 1961 

Adhaim  Al-Adhaim  1.5 flood control, hydropower, 
irrigation 1999 

Diyala  Darbandi 
Khan  3.0 flood control, irrigation, 

hydropower, recreation 1962 

Diyala  Hemrin  2.4 hydropower, flood control, 
power generation 1981 

River Regulator Max. Discharge 
(m3/sec) Operation level (m.a.s.l.) Operation 

started 
Tigris Samarra 7000 69 1956 
Tigris Al-Kut 6000 16.75 1939 
Tigris Al-Amarah 373  2004 
 
1.4 Tigris River inside Baghdad City 
The study area considered in the following work is the Tigris River reach inside Baghdad City 
starting from Al-Muthana Bridge to the north of Baghdad and ending at the confluence 
between Tigris and Diyala Rivers to the south of the city along about 50 km of the river reach 
as shown in Figure 1.9.  
Generally within the study area, the river is of alluvial plain; single channel; compound 
meandering reach.  The reach includes one major acute meander; which has length of 15 km 
and radius of curvature about 1 km, and eight meanders of different degree of curvatures. 
Growing islands and bank depositions are other significant features of the reach. Not less than 
ten islands and ten bank depositions are diagnosable easily in the reach inside Baghdad City 
as shown later in Figures 4.12 and 4.13.  
Tigris River was neglected for more than 15 years. No monitoring of its morphology was 
carried out since the lining measures of the upper parts of its banks.  The drop of the river 
discharges coupled with the debris of destroyed bridges during the last two Gulf wars in 1991, 
and 2003 enhanced the growing of islands in that reach. 
Accordingly, the river morphology changed and this was associated with reduction of its 
flood capacity, impairing the possibility of navigation along the reach for transporting 
purposes as well as the ecological consequences on the river system 
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Figure 1.9: Tigris River reach inside Baghdad City 

 
1.5 Scope of work 
Tigris and Euphrates rivers represent the artery of life in Iraq. The importance of these rivers 
dates back to the dawn of civilization. Recently, Iraq was involved in a number of conflicts 
with neighboring countries. These conflicts caused the neglecting plenty of projects, including 
the projects concerning this two rivers. 
River Tigris was used a navigable route for thousands of years, unfortunately; it cannot be 
used for this purpose now due to the changes in its morphology and the appearance of the 
islands through its reach within Baghdad due to the debris of destroyed bridges and the 
decrease in its discharges. The purpose of this research is to study the morphology of the river 
within Baghdad to highlight the causes of these changes to help decision makers to take the 
right measures to restore the river. 
This is to be achieved as follows: 

1. Collection and analysis of previous river survey data. 
2. Understanding the mechanism of sediment movement with the corresponding 

hydrological conditions in the study reach. 
3. Diagnosing the zones of erosion and deposition for recent sediment flow patterns in 

such a way could help the planners for the policy of exploiting the river for navigation 
purposes. 

4. Estimating the rates of erosion and deposition for the current islands and the 
possibility of emergence new islands in the study reach in such a way could help the 
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Iraqi ministry of water resources and the dredging company for drawing future plans 
or seeking for more appropriate treatment methods. 

As a first step, one dimensional model is to be used to study the Tigris River reach. Then 
other models will be applied using the field measurements taken and the data obtained by 
direct field work in 2012. 
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2. Literatures Review 
In the past several studies had been conducted on the River Tigris within Baghdad City. This 
review is restricted to the work executed which is related to this research. 
In 1977, Geohydraulique conducted a training study of Tigris River for the benefit of Iraqi 
Ministry of Irrigation to improve the river flow conditions and the usage of the banks. They 
conducted a land and bathymetric surveys for a reach of 59 km of Tigris River within 
Baghdad City as shown later in Figure 4.7. The total cross sections surveyed were 285 during 
1976. Four islands and eight banks depositions were recognized in this survey.  
The conducted hydraulic field measurements included daily and weekly water levels at eight 
stations and transversal velocity distribution at 11 cross sections. Suspended load samples 
were taken from three cross sections. As far as suspended sediments are concerned, 954 
samples were collected at different columns and levels for the period June 1976 – March 
1977. While 77 bed material samples were taken from the same sections at three points with 
the section.  
The suspended sediment concentration analyses showed that the concentration of the 
suspended sediment relatively “weak” and did not reach to 3 g/l on the whole period, while it 
was less than 0.2 g/l during low flow. Some samples that were taken near the bed (deeper than 
90% of water column) contained percentages of sand varied between 0% to 55% depending 
on their locations from the section and the corresponding discharges (the higher sand 
percentage samples are those closer to the inner bank or the higher water discharge). The 
particle size distribution analyses for bed material samples showed that the samples formed 
predominantly from sand and those samples contained higher silt percentage were taken 
closer to the river banks. Specific weight was calculated for nine bed samples distributed on 
the beginning, middle and end of the reach.  
They conducted flume experiments to verify incipient movement for three samples of bed 
sediment. It was concluded that Tigris River bed sediment were always in motion in form of 
ripples even in low discharge periods.  
They established an equation for the suspended sediment discharge with respect to water 
discharge. They used six formula of bed load sediment discharge to predict it and they 
proposed a band of bed load discharges with respect to water discharge instead of preferring a 
single formula. The estimated bed load discharge was between 1600-4300 m3/day for the 
mean annually water discharge (1035 m3/s) while the estimated suspended load discharge was 
8500 m3/day. These values were considered “high” for the suspended load and “important” 
for the bed load sediment. The annually total sediment discharge was estimated as 11 million 
tons for the mean hydrological year.  
Furthermore, it was stated that the river was unstable with erosion on the outer banks of 
meanders and sand bars of various dimensions will continue to appear, move or disappear.  
Gradually varied flow model was applied, using the standard step technique, to evaluate the 
flooding capacity of the river and to compute the corresponding water surface elevations. A 
calibration for the roughness coefficients of the bed and the banks was achieved by means of 
observed water levels at eight gauging stations along the river. The inundation levels for the 
discharges 4000 and 5500 m3/s were calculated and locations of the inundation were 
specified.  
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In 1979, Al-Ansari et.al. applied nine formulas of sediment discharge on Tigris River at Sarai 
Baghdad gauging station. They used the geometry and hydraulic conditions gotten from 
Geohydraulique (1977) and direct suspended sediment measurements for the period 1969-
1975. They obtained that the Yang formula (1973) was close to the actual sediment 
measurements which was about 4.6 million ton/year in average. They concluded that the 
unstable banks and islands represent the major characteristics of the reach at Baghdad and 
well protection for the banks are required to stabilize the channel to prevent further erosion.   
 
In 1984, Al-Ansari and Toma studied the morphology of Tigris River between Al-A’ameh 
and Al-Sarafiya Bridges (4.7km reach length). They conducted a bathymetric survey for the 
river bed and collected 109 bed material samples from 24 cross sections of the bed and the 
islands. The bathymetric survey proved that the changes in the geometry occurred for the bed 
of the river exclusively and they took the sinuosity form. The bed material texture of the river 
bed was a mixture of coarse, medium and fine sand with a trace of clay while the clay 
presence increased for the islands and the banks to reach to 37% as shown from the particle 
size distribution analyses done for the collected samples. The mean, median, sorting and 
skewness values were computed for the bed material samples and they showed very well 
sorting and fine skewness sediment with kurtosis ranged from platy to meso. The average 
annual sediment discharge at Sarai Baghdad was calculated from the field measurements for 
the period 1959 to 1982 and from the field measurements conducted by the authors in 1982-
1983, it was 23.6 million ton/year. A comparison was hold for the measured data with the 
predicted values from six formulas of sediment discharge. The Straub-DuBoys was given as 
the best that coincides with field measurements.  
 
In 1986, Al-Ansari et.al. observed the suspended and solute loads of Tigris River at Sarai 
Baghdad continuously for the years 1983-1985. They concluded that the average daily 
discharges of suspended and solute loads were 30000 ton and 40000 ton respectively. The 
studied period years was considered as dry year especially the year 1984 where the average 
daily discharge for it was 571.3 m3/s while for the whole period was 728.8 m3/s.      
 
In 1988, Khalaf built his study about the sediment transporting in Tigris River on an 
assumption that the total transported sediment load is coming from the suspended load. He 
considered the same reach of Tigris River as in Geohydraulique (1977) and selected two 
stations for collecting suspended load and bed material samples north Baghdad and Sarai 
Baghdad gauging stations. A set of historical records for suspended load discharge for the 
year 1953 and 1959-1982 were considered also. Fourteen of sediment transporting formulas 
were used to predict the total sediment load in the river. Filtration, specific gravity and 
particle size distribution analyses were carried out for the collected samples.  
Among all formulas used, he concluded that Laursen’s and modified Yang’s formulas with 
slight adjustments were giving the best predictions for the sediment load. He also 
recommended using Inglis-Lacey for extrapolating sediment load beyond the measured range 
of sediment due to the normality of the distribution which dose follow and the highest 
correlation coefficient which it had. He also concluded that the peaks of the water discharge 
and the sediment discharge were coinciding. He attempted to derive a new prediction formula 
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based on dimensional analysis concept. The derived formula was mainly related to the 
effective shear stress. The derived model’s mean of the predicted values didn’t show a 
significant difference from the mean of the observed values.  
 
In 1988, Al-Ansari and Al-Sinawi studied the effect of the agricultural activity near the banks 
of Tigris River upstream Baghdad on the suspended sediment concentrations in the river and 
their periodicity. They used suspended load samples collected continuously at 2h intervals 
from two stations (upstream Al-Muthana Bridge and near the suspended bridge) for the period 
31th August – 6th September 1987. They concluded that the suspended load deposits along the 
considered reach as shown from the decreased concentrations and diminished the cycles of the 
short periodicity at the second station (the mean values of the suspended sediment 
concentrations for the first and second stations were 182.5 mg/l and 86.6 mg/l respectively). 
This conclusion was confirmed by the large number of islands within the considered reach.   
 
In 1992, University of Technology in Iraq conducted a training study of Tigris River similar 
to that executed by Geohydraulique (1977) for the benefit of the Ministry of Agriculture and 
Irrigation. They considered two surveys conducted a for the river reach within Baghdad in 
1988 and 1991 where they included 565 and 437 cross sections respectively. They applied a 
2-Dimensional morphological model to the river to determine the velocities and elevations 
distributions that could be used to specify the locations of the required banks protection, types 
of protection to be considered, and locations of depositions and islands formation.  
According to the indications given by the model about the continuous changes in the bed and 
the banks and the changes in the dimensions of the islands, they concluded that Tigris River 
was still unstable where the fixity coefficient increased in 1976 and 1991 from 2.5 to 3.1 
respectively. The flood of 1988 brought considerable quantities of fine sediments, so that, 
depositions contained fine sand, silt and clay which were found in some locations. They 
recommended a list of locations that requires protection from erosion either by stones or sheet 
piles. Also, they recommended using of groins of 50-80m length for deposition locations.  
  
In 1999, Khalaf coupled and applied three models, 2-D depth-averaged hydrodynamic model, 
2-D transport-dispersion model and a morphological model based on dynamic equation of 
sediment continuity, on Tigris River between north Baghdad and Sarai Baghdad gauging 
stations to predict the river behavior under certain conditions. He considered the geometry 
and the field measurements for velocities and suspended sediment discharges conducted by 
Geohydraulique (1977) and University of Technology (1992) without calibration for the 
models. He expected a tendency of scouring at the outer banks and at scour regions whereas 
no significant changes in depth of deposition regions and at the straight part of the reach could 
be notice. The recommendation given was to consider a calibrated bed load formula to reduce 
the calibration requirements of the applied models. 
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3. Methodology  
To apply any kind of mathematical model in the field of river engineering, a set of elements 
and tools should be available and applicable to insert in the modeling procedure to produce an 
effective, precise, and friendly use model. We can divide these elements into two groups. The 
first includes the physical properties of the case study such as topography and materials of the 
river bed. The second group includes the set of inputs and outputs of the system (discharges, 
velocities, water levels and sediments flow). Mathematical equations that could cover the 
concept of the phenomena and the mathematical techniques that could make these equations 
solvable are included under the toolkits in the model. 
Generally, in mathematical modeling, there is no way to avoid using some adjusting tools 
whether they are arbitrary or they a have physical interpretation to improve the agreement 
between the experimental results or field investigations with the model results.  
Field’s investigations for this study cover the following: 
1. Surveying the bed and banks of the studied stretch of the river. 
2. Collecting samples from specified locations along the river. These samples represent 

suspended load, bed load and bed material of the river. 
3. Conducting hydraulics measurements for water depths, water flow discharges and the 

corresponding velocities’ distribution for the same considered locations for sampling 
mentioned above. 

4. Conducting laboratory analyses for the collected samples.  
Only the bed material samples and their analyses were used at this stage of the study, while all 
other measurements and analyses will be used in the future work of the study.  
 
3.1 River Survey: 
River bed topography is one of the important components of the morphological characteristics 
of the river, and it’s the main factor that influences the velocity distribution sparsely as well 
as the river bed material.  
Topographical surveying for the Tigris River inside Baghdad City was conducted three times 
before this study. The first occasion was conducted in 1976 by Geohydraulique for a reach of 
Tigris River of length 59 km. The survey included surveying of 284 cross sections at average 
spacing intervals of about 200m. These cross sections were measured using two kinds of 
instruments, regular land surveying equipment for the parts of the banks and islands that are 
above the water surface and a sounder device to measure the section profile under water.  
The second survey was conducted by the Iraqi Ministry of Agriculture and Irrigation in 1991. 
More than 450 cross sections were measured in this survey along a reach of about 52 km, 
mainly, by the same procedure that was used in the previous survey.  
The third survey was conducted by Iraqi Ministry of Water Resources in 2008 along a shorter 
reach about 49 km long and 219 cross sections were produced in that survey. Locations of 
most of these cross sections were identical with those measured in 1991 with some exceptions 
depending on the occupation’s situation and use for the banks of the river at that time.  
The main differences between these three surveys are the differences in the geodetic datum 
used for each one. In the first survey, Iraqi national GTS projection was used for leveling the 
bench marks along the river reach, while the ellipsoid GRS-Clark-80 projection was used for 
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the second the third surveys. The difference between the levels from GTS and GRS 
projections was measured for Sarai Baghdad gauging station as a reference.  
For the current work, field surveying was conducted recently between May-2012 and 
January-2013 which includes three main stages:  
1. Installing 25 bench marks on the banks of the river along the study reach (see Figure 3.1). 

The DGPS device TOPCON GNSS GR3 was used for determining the coordinates of these 
benchmarks based on UTM-WGS84 coordinates system also a transformation to the Iraqi 
national triangulation network (known as “Polservice” according to the Polish firm that 
established these points) was done. The northern part of the study reach (between BM0 and 
BM15) was easier to establish such benchmarks because all the banks are lined by 
limestone and cement mortar as well as no security constrains were practiced to prevent the 
work in the area (Figure 3.2).  On the contrary the southern part of the reach, the stony 
protection of the right and left banks ended at BM20 and BM21, respectively. This caused 
difficulties in finding solid locations for the benchmarks. There were many security 
problems involved during the work in this part of the river due to the presence of the 
Republican Palace and other institutions which are referred to as “the green zone”. 
Consequently, the benchmarks for the southern part of the river were quantitatively less 
than those for the northern part. 

2. Surveying the upper river banks from the crest of the stony protection to the water surface 
at an average spacing of about 200m between the sections along the northern part of the 
river reach (between BM0 and BM15). Nothing from this work was conducted for the 
southern part of the river due to either security or topographical difficulties. Instead of 
river banks surveying for the southern part, the as-built drawings for the stony protection 
of the river banks and the latest survey were used with the assistance of the satellite images 
to determine river banks topography. Leica Builder 405 and TOPCON GTS 225 total 
stations were used in these measurements with the same coordinates system of the 
benchmarks (Figure 3.3).  

3. Two hundred and fifty cross sections were surveyed at the same locations considered in 
step 2 using EAGLE SeaCharter 480DF sonar with GPS and WAAS external antenna (see 
Figure 3.4). Water surface elevations were measured at the beginning and the end of the 
reach segment which was surveyed every working day to transform the water depths to bed 
elevations as well as the location’s coordinates.  Intensive surveying of water depth were 
done around existing islands.  

  
3.2 Collection of Samples: 
Three kinds of samples were collected in this work: river bed material, suspended and bed 
loads samples. Most of the coordinates of these three kinds of samples were identical along 
the river to reduce the possible distraction in the robust of the measurements. 
1. River bed material samples: The bed material is defined as that forms the bed and lower 

banks of the river and its playing important role in forming the geometry and the 
morphology of the river [Church, 2006].  
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Figure 3.1: Locations of the benchmarks along the study reach. 

 

 
Figure 3.2: The working team while they were measuring a benchmark’s coordinates. 
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Figure 3.3: The working team while they were conducting the land survey. 

 

 
Figure 3.4: EAGLE SeaCharter 480DF sonar. http://www.eaglenav.com/Products/Fishfinder-

Chartplotters/FishElite-480/ 
 

The river bed material samples were collected during the bathymetric surveying phase 
from 25 cross sections along the study reach (Figure 3.5).  Apart from security restrictions, 
samples were collected at places where islands, sand bars and meanders exist. The spacing 
between the successive sections was not more than 5 km. Details of the location of the 
samples are tabulated in Table 3.1. A Van Veen grab of size 3.14 liter was used to extract 
the samples from the river bed (Figure 3.6). 
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Figure 3.5: Locations of the bed material samples along the study reach. 

 

 
Figure 3.6: The Van Veen Grab used for collecting bed material samples. 

http://www.kc-denmark.dk/products/sediment-samplers/van-veen-grab/van-veen-grab-250-
cm%C2%B2.aspx# 

 
2. Suspended load samples: Number of researchers [Brune, 1953, Al-Taiee, 2005, Juracek, 

2011] implied that most of the suspended sediments are trapped at the reservoirs upstream. 
Despite this argument, examining the suspended load quantity in the river within Baghdad 
is still important. This is due to the fact that some of the upstream catchment is still not 
controlled by dams as well as the possibilities of human activities that results in supplying 
suspended sediment [Al-Ansari et.al, 1977, Al-Jabbari, et.al, 1980].   
The suspended load samples were collected from 29 cross sections (see Figure 3.7). Three 
sampling columns at the center and the quartiles were considered for each section. The 
number of point samples at each column is dependent on the water depth column, the 
deeper the water column is the higher number of samples to be collected (Table 3.2). 
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Table 3.1: Number of bed material samples for the cross section 
Section Name No. of samples 

Al-Muthana Bridge 3 
North Baghdad GS 3 
Floated Bridge 3 
Al-Balam Restaurant 3 
Head of Kuraat Island 1 
Right of Kuraat Island 1 
Left of Kuraat Island 1 
Tail of Kuraat Island 2 
D/S of Kuraat Island 1 
Balasim Palace 3 
Kadhimiyah dredging site 3 
Al-Numan Hospital 2 
Al-Adhamiyah Corniche 2 
Sarafiyah Bridge 2 
Sarai Baghdad GS 2 
Sinak Bridge 3 
Jadiriyah Bridge 3 
Dura power plant 3 
Double-layer Bridge 3 
Dura Bridge 3 
Right of Dura Island 1 
Left of Dura Island 1 
Tail of Dura Island 3 
PEPSI factory 3 
Tigris-Diyala confluence 3 

 
Table 3.2: Number of considered suspended load samples depending on the water depth 

column [Al-Ansari, 2005]. 
Depth of water (h) No of samples Depths of samples 

< 0.6m 1 0.6h 
0.6  2 0.2h, 0.8h 

 3 0.2h, 0.6h, 0.8h 
 6 0h, 0.2h, 0.4h, 0.6h, 0.8h, 1h 

 
The sampler that was used for collecting these point samples was assembled from a 
12Voltage suction pump connected to a long clear PVC hose ended by right-angle nozzle 
and streamlined weight to keep the nozzle at the required depth and in the stream direction. 
At each run for the suction pump, enough time was given to make sure that the hose is 
clear from the remaining water of the previous sample. The samples were packed in empty 
bottles, which were carefully cleaned and rinsed before using, and sequential numbers 
were given to the samples (Figure 3.8).  
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Figure 3.7: Locations of the suspended and bed loads samples along the study reach. 

 

 
Figure 3.8: The packed suspended load samples before filtration. 

 
3. Bed load Samples: The bed load can define as the part of the sediments which are moving 

in contact to the bed by rolling, sliding or saltation. Bed load is often combined with bed 
material [Gomez, 1991].  
Since there are all these traps for the suspended material in the headwater control structure 
on the main river and its tributaries, the measurements of the bed load in the river at 
Baghdad City was important to understand the mechanism of the formation the increasing 
number of islands. In addition, recent dredging operations indicated that the residuals of 
the dredging are cohesive material mainly. 
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Extracting bed load samples is not an easy task; it requires large effort to collect even a 
few numbers of samples. Temporal fluctuations in bed load transport rates are very 
common even if the flow conditions are constants. No rigid procedures or accuracy criteria 
were established for bed load sampling to ensure suitable results [Gray, 2012]. To 
overcome these fluctuations, especially with the presence of sand dunes as in the case of 
Tigris River in Baghdad, some recommendations should be considered in the procedure of 
bed load sampling: (1) long sampling time for each sample may cause clogging of the fine 
openings of the sampling bag, (2) equally shortest practicable sampling times could 
provide a reasonable estimation for the particle size distribution, especially for a variety 
bed load, (3) repeated sampling is necessary to ensure that the mean bed load transport rate 
could be achieved, and (4) equally short time intervals between samples are preferred 
[Gomez et.al, 1990] 
Five samples were collected from each sampling point at the center and the quartiles of the 
same cross sections those considered for the suspended load sampling. One minute was the 
time for each sample and about three minutes was the time spacing intervals between 
successive samples. An additional sample was taken for each sampling point with no 
sampling time (zero minute) to exam the disturbance that the sampler might be produced to 
the bed. The sampler that used for bed load sampling was an identical copy of Helley-
Smith sampler (Figure 3.9) with a PVC net bag of mesh openings of 200μm diameter size 
(Figure 3.10). The samples were drained from water and packed in plastic bowls then taken 
to the laboratory (Figure 3.11).    

 

 
Figure 3.9: Helley-Smith bed load sampler. 
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Figure 3.10: A bed load sample trapped in the PVC net bag. 

 

 
Figure 3.11: The bed load samples in the bowls after draining. 

 
3.3 Hydraulics Measurements: 
Hydraulic measurements are essential for providing the necessary information for the 
application of suspended and bed loads formulas. The following hydraulics and 
environmental measurements were conducted for the same cross sections that were considered 
for suspended and bed loads sampling: 
1. Water surface elevations were leveled using Leica Builder 405 total station. 
2. Water depths at sampling points were measured using EAGLE SeaCharter 480DF sonar. 
3. Water temperature (in Celsius), total dissolved solids (in ppm), pH, and Dissolved Oxygen 

were recorded for some cross sections. 
4. Water flows were measured using SonTek RiverSurveyor M9 ADCP at least twice (Figure 

3.12). 
5. Flow velocities at certain depths were measured using FP111 Global Water Flow Probe 

(Figure 3.13) for shallow water depths (within 3m) and SonTek RiverSurveyor M9 ADCP 
for the deeper water depths. 
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Figure 3.12: SonTek RiverSurveyor M9 Acoustic Doppler Current Profiler. 

 

 
Figure 3.13: FP111 Global Water Flow Probe. 

 
3.4 Laboratory Analyses: 
Three types of laboratory tests were conducted for the collected samples depending on the 
type of the sample and the required result.  
1. Particles size distribution analysis: It was carried out for two groups of the samples, bed 

material and bed load samples. For the former group, the samples were dried in an oven 
under temperature of 70ºC for 72 hours then weighed. Dry sieve analyses were conducted 
for the dried samples according to ASTM D422 using a set of sieves as tabulated in Table 
3.3 and a mechanical shaker. The portion of the sample passing from sieve #200 (75μm) 
were further analyzed using hydrometer type 151H and according to ASTM E100.  
The same procedure where used for the bed load samples.  

2. Specific gravities: This was conducted for the bed material samples according to ASTM 
D854. 

3. Filtration for the suspended load samples: This was performed using filter papers of very 
slow filtration rate and retention range of 2-3μm (Figures 3.14 and 3.15). The weight of the 
filter papers was obtained before filtration. Then the filter papers were dried after filtration 
volume of 500ml of each sample at 70ºC. The dried filter papers were weighed using 
precise balance of 4 decimal digits of the gram.     
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Table 3.3: Sieves sizes and numbers for particles size distribution tests. 
Sieve opening size (mm) Sieve no. 

75  
63  

37.5  
20  

13.5 0.530" 
9.51  
4.75 4 
2.36 8 
1.18 16 
0.60 30 
0.30 50 
0.15 100 

0.075 200 
 

 
Figure 3.14: Gravity filtration of suspended load samples. 

 

 
Figure 3.15: The filter papers that used for filtration. 
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4. Morphology of Tigris River 
4.1 Discharges of Tigris River at Sarai Baghdad 
The Middle East is considered as an arid to semi-arid region in general. The recent climatic 
period is relatively dryer [Al-Ansari, 1998 and Al-Ansari and Knutsson, 2011]. This has 
negatively affected the water resources of Iraq in addition to the impact of the huge water 
projects constructed on these rivers in Turkey, Syria and Iran. As a result the flow of Tigris 
River at Baghdad has fallen sharply through the period 1960-2012 (Figure 4.1). Where the 
average monthly discharge dropped from 927 m3/s for the period 1960-1999 to about 520 
m3/s for the years 2000-2012. This represent about 50% reduction of the mean monthly 
discharge of the previous period and well below the flood discharges of 4480, 3050 and 1315 
m3/s recorded in 1971, 1988 and 2005 respectively. The inclination of the trend line for the 
average monthly discharges is 5.41% for the last 23 years (Figure 4.2).   
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Figure 4.1: Average monthly recorded discharges of Tigris River at Sarai Baghdad gauging 

station for the period 1960-2012. (Data source until 2007 from [Al-Shahrabaly, 2008]) 
 

4.2 Bridges on Tigris River within Baghdad City 
Thirteen bridges are connecting the two substantial areas of Baghdad City along the river 
reach (Figure 4.3). Most of these bridges (ten) are concentrated at the northern part of the city 
and produce more disturbances to the flow at this part. Six bridges were constructed prior to 
1976 in the north of the city. Six more bridges were constructed during the period 1976 to 
1991, four of them in the north and two in the southerly part of the city. Since 1991, only one 
additional bridge has been constructed in the southerly parts of the city while in the northern 
part, a floated bridge was installed after 2005.  
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Figure 4.2: Trend line for the average monthly discharges at Sarai Baghdad for the period 

1989-2012. 
 
During the wars of 1991 and 2003 three major bridges (Jumhuriya, Sarafia and the suspension 
bridge) suffered a high level of damage causing large pieces of concrete and structural steel to 
fall in the river (Figure 4.4).  Although some of the larger pieces of debris were removed from 
the river bed, much of the smaller material (concrete fragments that spilt from the steel 
structure) could not be removed and remains on the river bed. 
The reconstruction procedures for the suspension bridge required the installation of temporary 
bridges. In case of Al-Sarafiya Bridge, an earth structure capped by a roadway to carry heavy 
machinery was constructed (Figure 4.5).  The construction and removal of these temporary 
structures are believed to have enhanced the formation of new islands in the river (Figure 
4.6). 
 
4.3 Changes in river geometry 
Since there are three previous surveys available for the Tigris River inside Baghdad (1976, 
1991 and 2008), the analysis for the changes in the river geometry were held depending on 
the date of those surveys.  
In the survey of 1976, three main islands were recognized in river reach, namely Suraidat 
(upstream Al-Muthana Bridge), Um Al-Khanazer (at the sharpest meander inside Baghdad) 
and Abu Rumail (Figure 4.7). In addition, two smaller islands were recognized. The first was 
locating 9km upstream the confluence with Diyala River (near Al-Rasheed Camp) and the 
second (Kura’at Island) 2km upstream of the first bridge at that time (the second is not labeled 
on the map). Banks depositions also noticed from the survey and even they were visible 
during low flow periods. Eight main banks depositions were recognized at different locations 
and for varied dimensions.  
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Figure 4.3: The geographical distribution of bridges within Baghdad City. 

 

 
(a)                                                      (b) 

Figure 4.4: (a) The mid span of the suspension bridge has fallen in the river (b) Destroyed 
spans from Al-Sarafiya Bridge have fallen in the river in 2005 (from www.wikipedia.org). 
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Figure 4.5: (a) Temporary bridges parallel to the suspension bridge with hundreds of steel 

piers. (b) An earth roadway to carry heavy machinery under Al-Sarafiya Bridge. 
 

 
Figure 4.6: Small growing islands downstream of Jumhuriyah Bridge. 

 
During the period 1976 to 1991, a recreation park was constructed on Suraidat Island and an 
access reaod was constructed to connect it to the left bank of the river, creating a small lagoon 
(Figure 4.8).  A similar development at Um Al-Khanazer Island linked it to the right bank, 
and likewise a lagoon was created beside that bank (Figure 4.9). The river cross sections of 
the 1991 survey revealed changes in the bed and banks of the river and there were indications 
of new islands (downstream Al-Muthana Bridge, Abu Nuwas and Dura) growing which had 
not been identified in the 1976 survey. About 97% of the banks of the northern part of the 
river were subjected to protection using stones and cement mortar during this period.  The 
same was true in the southern part of the river, but to a lesser extent.  
By the end of 2002 about 66% of the banks of the reach had been protected to a level of 35-
37m above sea level in attempts to canalize the river course within the most populated areas 
and to avoid bank collapse during floods [Al-Ansari et.al, 1979]. Some of the previous islands 
were connected to the nearest banks and the weak arms were almost depleted such as Abu 
Rumail Island and Tigris-Diyala Confluence Island (Figures 4.10 and 4.11).  
Many new islands, point and side bars have been formed and were recognized in 2008’s 
survey. A Summary for all obstacles in the river in 2008 was tabulated in Figures 4.12 - 4.13 
and Table 4.1 with details about the dimensions of these obstacles.  
 

Flow
  



30 
 

 
Figure 4.7: Schematic diagram for Tigris River within Baghdad City in 1976 

[Geohydraulique, 1977]. 
 

Fifty seven samples of bed material were taken using Van Veen grab along the river reach at 
the center line and on the quartiles of the sections. The results of sieve and hydrometer 
analyses for the samples indicated that the major component is fine sand (finer than 0.3 mm 
diameter) and few silt in some sections (upstream Kura’at Island and Adhmiyah Corniche) 
and few traces of clay all-around as shown in Figure 4.14. This is in agreement with Al-
Ansari and Toma (1984) description of the bed sediments of the River Tigris in Baghdad.  
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Figure 4.8: Constructed recreation park on Suraidat Island (dashed lines are the previous 

boundaries of the river and the island). 
 

 
 Figure 4.9: Previous boundary of Um Al-Khanazer Island. 
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 Figure 4.10: Abu Rumail Island in 2009.  
 

 
Figure 4.11: Tigris-Diyala Rivers confluence Island in 2009. 

 

Abu Rumail Island 

Tigris River 

Diyala River 



33 
 

 
Figure 4.12: Diagnosable islands, point and side bars in the northern part of Tigris River 

within Baghdad City in 2008. 
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Figure 4.13: Diagnosable islands, point and side bars in the southern part of Tigris River 

within Baghdad City in 2008. 
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Table 4.1: Main diagnosable obstacles in Tigris River within Baghdad City in 2008. 

Location Type Length (km) Symbol (Figures 
4.12-4.13) 

Kura’at Side bar 1.5 A 
Salamiyat Side bar 1.0 B 
Kura’at Island 1.0 C 

Kadhmiyah Side bar 1.3 D 
Adhmiyah Side bar 0.8 E 
Etiafiyah Side bar 0.7 F 

Sinak-
Jumhuriyah 

Small islands and 
side bar 1.3 G 

Abu Nuwas1 Island 0.6 H Abu Nuwas2 Island 0.7 
Abu Nuwas Side bar 0.8 I 

Jadriyah Island 0.7 J 
Jadriyah Side bar 0.6 K 

Dura Island 0.5 L 
Dura Side bar 0.7 M 
Dura Island 0.5 N 
Dura Side bar 1.1 O 
Dura Island 1.1 P 

Al-Rasheed 
Camp Island 1.1 Q 

Pepsi factory Island 0.3 R 
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Figure 4.14: The river bed materials texture along the river reach. 
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It is expected that most of the sediment are trapped in upstream reservoirs. However, 
downstream Mosul Dam, it is believed that most of the sediment load is transported by 
Greater Zab tributary and local side valleys as well as erosion of the bed and banks of the 
river. 
 

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

05000100001500020000250003000035000400004500050000

B
ed

 L
ev

el
 (m

 a
.m

.s
.l.

)

Distance from downstream (m)

1976

1991

2008U
ps

tr
ea

m
 B

ou
nd

ar
y

Do
w

ns
tr

ea
m

 B
ou

nd
ar

y

 
Figure 4.15: Tigris River bed elevations during 1976, 1991 and 2008 surveys. 
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Figure 4.16: Changing of geometry of Sarai Baghdad cross section. 

 
In Baghdad where the upper portion of the banks are protected, the possible sources of finer 
sediments is from the erosion in lower banks of the river. This might lead to the possible 
collapse of parts of the protected banks in the future. 
The river was attempting to achieve a new stable regime in the erodible zone of the bed and 
banks (below the foundation levels of the stony protection) [Morris and Fan, 2010]. 
In addition to the variations in bed levels along the reach (Figure 4.15), changes in elevation 
on a single cross section (Sarai Baghdad) through 1976, 1991 and 2008 surveys reached up to 
4m (Figure 4.16). In 1991 survey, the cross section showed the most extreme changes in bed 
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levels.  This is believed to be due to fact that the survey was conducted shortly after the 1988 
major flood. The bed level variation in 2008 was the relatively lowest and this is attributed to 
the fact that the survey was conducted 20 years after the high flood of 1988 where the river 
had lower capacity due to relatively flow discharge through this period.  
The repeated surveys have shown that the average slope of the bed of the Tigris within 
Baghdad was substantially greater in 2008 (5 cm/km) than it was in 1976 (1.03 cm/km) and 
more than twice its value in 1991 (2.45 cm/km).  
 
4.4 Flood capacity of Tigris River within Baghdad City 
With all these hydraulic and geomorphic changes to the river and after seventeen years from 
last evaluation study on the river, it was necessary to examine the flood capacity of the river 
and the possibilities of inundation of the banks and near areas. To carry out such test, a 
mathematical model (HEC-RAS) was chosen to simulate the discharges and water levels in 
the river in 1-Dimensional scheme with a steady state flow. 
The geometry of the river was represented by the findings from the survey of 2008 for the 
river reach. A total of 219 cross sections were surveyed at intervals of 250m (some cross 
sections were conducted at lesser intervals especially at meanders) along the reach of 49 km 
length between Al-Muthana Bridge in the north and the confluence with Diyala River in the 
south, as shown in Figure 4.17. An additional data about the locations and dimensions of the 
bridges was supplied to the model. 
The average monthly discharge of the river at Baghdad was calculated for the past twelve 
years (between 2000 and 2012) and it was assumed as the base flow of the river. Additional 
discharge figures considered in previous studies [Geohydraulique, 1977 and University of 
Technology, 1992] was used in the model beside the base flow to define the upstream 
hydraulic conditions. The rating curve for the river below Tigris-Diyala confluence was used 
to define the downstream boundary for all model runs. 
As usual in all mathematical models, model calibration is a necessity to trust the credibility of 
the model. Calibration was achieved by using observed water level variations (59 observation 
points) along the lowest 15 km of the reach on a single day when the discharge was 400 m3/s. 
The problems of calibration were extended to an attempt to define suitable values for the 
Manning’s roughness coefficient for the main channel and the flood plain. This was achieved 
by iteration to get coincidence between the computed water surface levels and those observed.  
The minimum Root Mean Square Errors (RSME) of 0.026m was obtained for Manning’s 
roughness coefficient values of 0.0285 for the main channel and 0.042 for the flood plains.  
No precise data for the water consumption through the reach were available and an estimation 
of the lateral inflow /outflow was included within the average inflow from the Diyala River of 
5 m3/s. 
A range of different scenarios were examined by increasing the discharge, starting from the 
base flow and considering those discharges examined in previous studies, in order to 
determine the critical discharge that can cause inundation for the current situation.  For some 
of these discharges (from 500 to 1300 m3/s), water surface elevations had been recorded at 
Sarai Baghdad gauging station during the past twelve years. A new RSME was computed for 
these observations giving good coincidence (RSME = 0.046m) as shown in Figure 4.18. 
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Each of these discharges was repeated in the model for four scenarios related to different 
lateral inflows that represent Diyala River discharges. The base lateral inflow was 5 m3/s, 
which is the known average inflow observed in Diyala River, and it was used for calibration 
purposes. The three other lateral inflows (taken from historical data for Diyala River) 
examined were 25, 50 and 100    m3/s. The effect of the backwater curve associated with each 
lateral inflow was checked. The average differences in water surface elevation for each 
scenario compared with the base condition are shown in Table 4.2.  These differences indicate 
that the lateral inflow exerted no significant influence during periods of higher discharges 
(flooding cases). 
The water surface elevations computed at the Sarai Baghdad station from the HEC-RAS 
model were plotted versus those obtained from previous studies (Geohydraulique in 1977 and 
University of Technology in 1992) in Figure 4.19.  The water level predictions of 2008 are 
lower than those of the 1976’s survey for low discharges but higher than those for high 
discharges.  They are always lower than the water levels obtained in 1991.  
 

Table 4.2: Average differences in water elevation (m) for each scenario with respect to the 
base scenario. 

Tigris River flow 
m3/s 

Lateral inflow 25 
m3/s 

Lateral inflow 50 
m3/s 

Lateral inflow 100 
m3/s 

400 0.040 0.102 0.209 
500 0.038 0.087 0.186 
800 0.030 0.067 0.142 
1100 0.023 0.052 0.110 
1300 0.019 0.044 0.095 
1500 0.017 0.039 0.083 
2500 0.010 0.023 0.049 
2700 0.009 0.021 0.047 
3500 0.008 0.020 0.045 
4000 0.007 0.019 0.043 
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Figure 4.17: Cross sections of Tigris River by HEC-RAS. 
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Figure 4.18: Computed water surface elevations for different discharges in Tigris River with 
discharge of 5m3/s for Diyala River, calibration and verification data also included. 
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Figure 4.19: Comparison for computed water levels at Sarai Baghdad station in 1976, 1991 

and 2008. 
 
Figure 4.18 indicates that the discharges higher than 2700 m3/s could cause partial inundation 
in some areas in the northern part of the reach. The critical water surface elevation for 
inundation in the reach is 35 m at station 43000 m. For discharges greater than 3500 m3/s the 
inundation could take place along approximately 9 km of the reach. For the southern part of 
the reach, the inundation is not expected to occur below the discharge of 3500 m3/s. 
The water surface slopes for the base scenario varies from 6.03 to 6.84 cm/km for discharges 
between 400 and 1500 m3/s respectively.  For discharges of 2500 and 2700 m3/s, the slopes 
were 8.59 and 8.96 cm/km respectively, while it could reaches 10 cm/km for discharges of 
3500 and 4000 m3/s. 
The rating curve used to define the downstream boundary condition requires modification for 
the high water stages to give more reliable estimates for the new geomorphic conditions of the 
river.  
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5. Conclusions 
Using the results of previous and present work, the following conclusions can be stated:  
1. The series of the conducted surveys showed significant changes in the geomorphology of 

the bed and the lower banks of the river. These changes represented by the growing 
islands, banks depositions or sand dunes. More future changes are expected using different 
applied models. So the river was classified as unstable in many occasions. 

2. The recent crisis of water resources in Iraq, whether it is due to the dryer climatic period 
hitting the region or the massive water projects constructed on the rivers in the riparian 
countries, plays dramatic role in enhancing these geomorphological changes by reducing 
the competence of the river or allowing a certain size of sediment transport.  

3. Low flows had kept the water levels low on all of the studied reach. In view of this 
situation the protected banks had little value for flood protection. The water now is eroding 
below the protected bank levels. This will lead possibly to the collapse of parts of the 
protection materials of these banks in the future. 

4. The variations in the level of the river bed were less in the 2008 survey than it was in 1976 
and 1991 surveys. While the average slope of the river bed was steeper in 2008 than it was 
during the earlier surveys. 

5. The excessive depositions at the islands and the banks caused reduction in the flood 
capacity of Tigris River. Discharges higher than 2700 m3/s could cause partial inundation 
in some areas in the northern parts of the reach and for the discharges greater than 3500 
m3/s, the inundation could take place along approximately 9 km of the reach. The 
inundation is not expected to occur at the southern parts for discharges lower than 3500 
m3/s. 

6. The predicted water levels of the 2008 survey are lower than those of 1976 survey for low 
discharges and they are higher than those for high discharges. They are always lower than 
the levels predicted from the 1991 survey. The exception in the survey of 1991 that it was 
conducted at short period after the major flood of 1988 where huge quantities of fine 
sediment were deposited in the river. 

7. The water surface slopes for the 2008 survey conditions varied from 6.03 to 6.84 cm/km 
for discharges between 400 and 1500 m3/s respectively. For discharges of 2500 and 2700 
m3/s the slopes were 8.59 and 8.96 cm/km respectively, but reached 10 cm/km for 
discharges of 3500 and 4000 m3/s. 

8. No significant back water effect can noticed for the dominant Diyala River discharges on 
inundation levels within Bagdad during Tigris River higher discharges. 
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6. Future work 
In order to achieve the benefit of the current work in an integrated manner, the following 
topics will be addressed in the future work:  
1. Changes in Tigris River morphology. 

The changes in the geometry of the river predicted in previous surveys will be compared 
with the survey conducted in 2012. The bed material samples and their analyses (particle 
size distribution, skewness, kurtosis, etc.) could lead to find the appropriate procedure of 
river bed formation under certain conditions. 

2. Sediment discharge of Tigris River. 
Different bed, suspended and total load formulas will be applied to identify the most 
suitable one for Tigris River according to the recently measured discharges of suspended 
and bed loads. 

3. Discharges of Tigris River. 
Trend analysis for the daily recorded discharges of Tigris River at Sarai Baghdad gauging 
station will be applied to determine the maximum and minimum predicted discharges for 
different coming year’s and its implications on the expected sediment discharges. 

4. Two-dimensional hydro-morphodynamic model. 
A two-dimensional hydrodynamic flow and sediment transport model will be applied on 
the whole reach of Tigris River within Baghdad City to examine sediment discharges and 
to determine the locations of erosion and deposition temporally and spatially. 

5. Three-dimensional hydro-morphodynamic model. 
More precise three-dimensional model will be applied on Tigris River reach within 
Baghdad City especially at the major islands and meanders. Such model can represent the 
associated secondary flow at such sources of disturbance to simulate the exchange between 
transported sediment and the bodies of the islands, the inner and outer banks of meanders 
and also to compute the rate of exchange.  

 
It is believed that when the above work is executed, then a complete picture of the formation 
process of Tigris River bed and its features according to the current hydrological conditions 
can be obtained. The mechanism of sedimentation and erosional processes will be more 
understandable. This will definitely help decision makers to draw the most suitable techniques 
and pinpoint the areas which require dredging or protection. The flowchart in Figure 6.1 
shows the overall framework of this reseach. 
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Figure 6.1: Flow
chart of the study. 
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Growing islands became noticeable phenomena in the channel of River Tigris within Baghdad City during recent years. 
Despite the fact that large amount of sediments are trapped in reservoirs on the River Tigris and its tributaries the 
number of islands are increasing with time. This is due to the debris of destroyed bridges in the wars of 1991 and 2003. 
As a consequence the ability of the river had been reduced to pass flood waves. This fact caused flooding parts of major 
cities like Baghdad. 
Cross sections of the River Tigris were surveyed in different occasions (1976, 1991 and 2008). In 1976 the survey was 
conducted by Geohydraulique and in 1991 by University of Technology – Baghdad (extended for the previous study). 
The last survey was conducted in 2008 by Ministry of Water Resources extending 49 kilometers from Al-Muthana 
Bridge till the confluence with Diyala River at intervals having average horizontal spacing of 250m. The data was used 
to predict the maximum flood capacity for the river using HEC-RAS through performed a one-dimensional hydraulic 
model for steady flow. Calibration was done for the model by using field measurements for water levels along last 15km 
from the reach and the last 10 years observations in Sarai Baghdad station. 
The average discharge of the river in Baghdad had been calculated for the past ten years. This value was introduced in 
the model. Then different scenarios were applied by increasing the discharge in order to find out the critical discharge 
that can cause inundation. The procedure continued to detect the areas that had been inundated and the water level was 
recorded. 
The primary runs for the model showed a significant reduction in the current river capacity in comparison with what 
the river had used to hold during floods of 1971 and 1988. 
The three surveys that had been conducted on the same reach of the River Tigris indicated that the capacity of the river 
to pass water had been decreased. In addition the changes in the morphology of the river cross sections were very 
clear. 
Key words 
Tigris River, Baghdad, Islands, Flood capacity 

I INTRODUCTION  

The Tigris is 1850 km long, rising in the Taurus Mountains eastern Turkey. The river then flows about 
400 km through Turkey and then it enters Iraq, The total length of the river in Iraq is 1418 km. It drains an 
area of area of 473103 km2 which is shared by Turkey, Syria and Iraq as shown in figure 1. About 58% of 
the basin lies in Iraq. No major tributary joins Tigris River south of Baghdad [Al-Ansari et al, 1986 and 
1987]. For this reason the mean annual daily flow of the river falls below its value at Baghdad (1140 m3/sec) 
in Kut and Amara cities at the south. 

The average annual flow of Tigris River is 21.2 km3/year (672 m3/sec) when it enters Iraq. Its 
tributaries contribute with 24.78 km3/year (786 m3/sec) of water and there are about 7 km3/year (222 m3/sec) 
of water brought by small wadies from Iran which drains directly toward the marsh area in the south [Al-
Ansari and Knutsson, 2011]. 

Several cities were built on the banks of the Tigris since the dawn of civilization. Among these is 
Baghdad the capital of Iraq. Parts or all of these cities were inundated during the spring flood of the Tigris. 
To overcome this problem, hydraulic projects were constructed along the Tigris River. The control of the 
river was more efficient during the twentieth century where huge dams were built on the River Tigris [Al-
Ansari and Knutsson, 2011]. Despite all the hydraulic structures upstream Baghdad City, parts of the city 
was inundated in 1988. For this reason the Ministry of Irrigation conducted a new survey on the Tigris River 
in 1991 following the last survey which was executed in 1976. Later in 2008, the Ministry of Water 
Resources conducted a survey that extends from Al-Muthana Bridge in the north of Baghdad to Tigris – 
Diyala  Rivers confluence in the south. 

During the last 20 years, growing islands became noticeable phenomena in the channel of Tigris River 
within Baghdad City and the numbers of islands are increasing with time. In this research, changes of the 
geometry of Tigris River within Baghdad City and it’s effectiveness on the flooding capacity of the river are 
to be examined. 
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Figure 1: Map of Iraq showing the Tigris and Euphrates Rivers. 

II DISCHARGE OF THE RIVER TIGRIS FOR THE PERIOD 2000-2010 

In recent years, water flow of the Tigris and Euphrates Rivers entering Iraq decreased dramatically, 
due to the huge water projects constructed on these rivers in Turkey, Syria and Iran [Al-Ansari and 
Knutsson, 2011]. In addition, the problem became more severe due to the recent dry climatic period in Iraq. 
In view of these factors the flow of the Tigris River dropped tremendously (Figure 2) The average discharge 
in Baghdad was 544 m3/sec. This value is far away from the mean daily flow prior to 2005 (1140 m3/sec) and 
flood discharges for the years 1971, 1988 and even 2005 where the flows were 4480, 3050 and 1315 m3/s 
respectively.  
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Figure 2: Recorded Tigris River flow at Sarai Baghdad station for the period 2000-2010. Data source: 

[Shahrabaly, 2008] 

III PREVIOUS STUDIES  

There are number of studies conducted on the Tigris River. Among these are two conducted by the 
Ministry of Irrigation. They are more related to this research work.  The first was conducted in 1977 in 
cooperation with Geohydraulique which was entitled (Tigris River training project within Baghdad City) and 
the second with the University of Technology-Iraq in 1992 under the same title. In both studies, the geometry 
of the river was surveyed within Baghdad city in 1976 and 1991. Furthermore, suspended sediment samples 
were collected in these investigations also. These investigations were conducted to improve the river channel 
by protecting the banks against water erosion in floods and raising the banks in places of expected overflow 
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during floods. The mathematical models used in these investigations were 1-D steady flow (using standard 
step technique) and morphological model for meanderings. 

IV CONTROL STRUCTURES UPSTREAM BAGHDAD CITY 

Four tributaries contribute to the Tigris River flow upstream Baghdad city and one tributary at its 
southern part (Figure 1). Number of dams, barrages and regulators were constructed on the river since the 
second half of the twentieth century. To link these structures with the surveys conducted on the Tigris River, 
they can be classified in three periods. The first period is prior 1976. During this period the first structure 
established was Samara barrage in 1956 and Dokan dam on the Lesser Zab tributary was in operation in 
1961. The second period starts after 1976 and ends in 1991. Two main dams were constructed in this period. 
They are Hemrin dam (operated in 1981) on Diyala River and Mosul dam (operated in 1986) on Tigris River. 
During the third period (after 1991), only Adhaim dam (operated in 1999) on Adhaim River was constructed. 

The sequence of floods and high water periods of the Tigris Rive and the interaction of the control 
structures with these events in the last century, the river was subjected to erosion and deposition processes in 
such away that it is classified as unstable river [Geohydraulique, 1977].  This instability reflected by 
appearance and disappearance of islands, banks erosion, etc. 

V BRIDGES ON TIGRIS RIVER WITHIN BAGHDAD CITY 

Tigris River runs through Baghdad city dividing it in two parts. Number of bridges was constructed on 
the River Tigris to connect both parts of the city. These bridges disturbed the flow of the river. Prior to 1976, 
six bridges were constructed on the river in the northern part of Baghdad. During 1976-1991, six more 
bridges were constructed on the river; four of them on the northern part while other two were on the southern 
part of the city. After 1991, only one bridge was constructed on the southern part of Baghdad. This makes 
the total number of bridges in south part of Baghdad 3.  

During wars in 1991 and 2003, three major bridges (Jumhuriya, suspended and Sarafia bridges) on 
Tigris River were subjected to high level of damage and large pieces of concrete and steel fall down in the 
river. Large debris was removed from the river while relatively small parts remained on the bed of the river. 

Reconstruction procedure required installing temporary bridge as in case of suspended bridge or 
dumping an area from the river bed to make earth road for the heavy machinery as in case of Al-Sarafia 
Bridge. Figure 3 shows the damage happened to Al-Sarafia Bridge and the temporary bridges parallel to the 
suspended bridge. All these practices, added more obstacles to the flow within the river. The debris left on 
the bed of the river enhanced the formation of new islands (Figure 4). 

 
(a)                                                      (b) 

Figure 3: (a) Destroyed parts from Al-Sarafia Bridge have fallen in the river (from www.wikipedia.org). (b) 
Temporary bridges parallel to the suspended bridge (from Google Earth). 

 
Figure 4: Small growing islands at Jumhuriyah Bridge location. 
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VI CHANGES IN RIVER GEOMETRY 

Islands development in the River Tigris changed tremendously during the past 40 years. There were 
only three main islands noticed in the 1976 survey. They are Suraidat, Um Al-Khanazer and Abu Rumail 
islands. Two more small islands were not mentioned in that survey. The first located at the second 
meandering within the study reach (Kureat) and the second about 9 km upstream Diyala River confluence. 

During 1976-1991, a recreation park was constructed on Suraidat Island. To connect the island with 
the bank of the river, the left arm of the river was converted to a lagoon. The same was done with Um Al-
Khanazer Island. In this case the right arm of the river was converted to a lagoon. 

River cross sections of 1991 survey revealed that there were indications of new islands growing which 
were not noticed in the 1976 survey. In addition, changes in the bed and the banks of the river took place. 
These changes varied from increase of the depositions on the inner side of meanders, to the increase of the 
bed levels. These changes became more noticeable in the 2008 survey. 

During the period 1976-1991, most of the banks of the northern part of the river were protected by 
stones and cement. The same is true for the southern part of the river but to a lesser extent.  At the end of 
2002, about 66% of the banks of the river reach were protected to the level 36-37 m.a.s.l. The objectives 
were to maintain the river course within the most popular urban areas and to avoid river banks collapse 
during flood [Al-Ansari et.al., 1979].  

The irregularity of Tigris River cross sections was reflected on the variation in flow velocity along its 
reach and consequently, flow velocity was capable of eroding the bed in some sections of the river. This 
caused erosion and deposition in new segments of the reach. It is noteworthy to mention that most of the 
suspended sediments were trapped in the upstream reservoirs which enhanced the river to reach a new stable 
regime [Morris and Fan, 2010]. 

Recent water shortages in the flow kept the water level low in the river cross section. In such a case 
the protected banks have no value. In view of this new condition, the water is eroding below the protected 
banks level now. This will lead to the collapse of parts of these protecting banks in future. 

The comparison the river bed levels in 1976, 1991 and 2008 showed that in addition to the fluctuation 
in bed elevations along the south part of the reach (Figure 5), considerable changes in elevations took place 
with time for the same section (Figure 6). It is clear that the bed level fluctuation in 1991 was relatively the 
maximum. This can be due to the fact that this survey was conducted shortly after the 1988 flood. The 
variation in 2008 was the minimum which can be attributed to some factors. One of these is the fact that the 
survey was conducted 20 years after the high flood of 1988. Secondly, the river suffered from low flow 
regime during the past 20 years. 

Generally, the average slope of the bed of the south part of Tigris River within Baghdad became 
higher in 2008 (3.64 cm/km) compared to previous surveys conducted in 1976 (1.03 cm/km) and 1991(2.45 
cm/km).  

The current obstacles in river were summarized in table 1. The location, type and length of each 
obstacle are described. Some of these obstacles are islands and others are bank depositions. Figure 7 shows 
the locations and shapes of these obstacles. 
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Figure 5: Tigris River bed elevations during 1976, 1991 and 2008. 
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Figure 6: Changing in geometry shape of Sarai Baghdad gauging station. 

Location Type Length (km) Symbol (figure 7) 
Jadriyah Island 0.4 A 

Dura Bank deposition 1.5 B 
Dura Island 0.4 C 
Dura Island 1.0 D 
Dura Island 1.1 E 

Table 1: Main observed obstacles in south part of Tigris River within Baghdad City in 2008 

VII METHODOLOGY 

VII.1 River geometry 

 The last survey conducted on Tigris River in Baghdad was in 2008 by the Iraqi Ministry of Water 
Resources. The survey covered 49 km of the river reach staring from Al-Muthana Bridge at the north of 
Baghdad City till the south of the city. 219 cross sections were surveyed at intervals of 250m.  

 A part of this survey was used in current work with extents from the Suspended Bridge to the 
confluence with Diyala River. A 1-D steady flow model was build from these cross sections using HEC-RAS 
program. The model was supplied with additional data concerning the locations and dimensions of bridges 
were supplied to the model. The locations of the cross sections used of the river reach are shown in figure 8.  

VII.2 Boundary conditions 

The average discharge of the river in Baghdad had been calculated for the past ten years. This value of 
flow and other values (the flow values considered in previous studies) were used in the model as upstream 
boundary conditions.  

The modified rating curve for the river to the downstream of Diyala confluence was used as 
downstream boundary for all upstream conditions.  

VII.3 Model calibration 

Calibration was done for the model by using observed water levels along last 15 km of the reach. 
These observations were recorded in short periods at the same day for discharge of 400 m3/s. 

Calibration process included the modification of Manning’s ‘n’ for the main channel and the 
floodplain to achieve coincidences between computed water surfaces and observed one. The minimum root 
mean square errors (R.M.S.E. = 0.026m) were obtained for Manning’s ‘n’ as 0.0285 for the main channel 
and 0.042 for floodplains. Precise data about water consumption along the reach were not available; 
therefore, the lateral inflow/outflow values were included with average flow of Diyala River where it was 5 
m3/s. 

 
 



ICSE6  Paris - August 27-31, 2012                                                                                                                                                                Ali et.al. - LTU 

 
Figure 7: Observed Obstacles in south reach of Tigris River in 2008 

 
Figure 8: Cross sections of south reach of Tigris River by HEC-RAS. 

 
 
 



ICSE6  Paris - August 27-31, 2012                                                                                                                                                                Ali et.al. - LTU 

VII.4 Model application 

Different scenarios were applied by increasing the discharge, starting from the average flow for the 
past ten years, in order to find out the critical discharge that can cause inundation. Figure 9 shows the 
computed water levels for the range of examined discharges.  
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Figure 9: Computed water surface elevations for different discharge in Tigris and Diyala Rivers with discharge 

of 5m3/s with calibration data. 

VIII RESULTS AND DISCUSSION 

The procedure of increasing upstream discharge continued so that areas that had been inundated can 
be detected. The discharges that were considered in this work started at 500 m3/s and increased in the same 
steps as that were considered in previous studies. All these discharges were repeated in the model for 4 
scenarios. The different in each scenario was the lateral inflow that represented by Diyala River flow. The 
lateral inflow for the first (base) scenario was 5 m3/s. This represents the average observed flow in Diyala 
River for last years and it was also used for calibration purposes. Three more lateral inflow values (25, 50 
and 100 m3/s) were also considered. The effect of back water curve that associated with each lateral inflow 
was checked. Table 2 shows the average differences in water elevation for each scenario with respect to the 
water elevations in the base scenario. These differences indicate that the effect of lateral inflow had not 
significance in higher discharges. 

Tigris Flow Lat. Flow 25 Lat. Flow 50 Lat. Flow 100 
400 0.065 0.165 0.334 
500 0.059 0.133 0.281 
800 0.042 0.095 0.198 

1100 0.032 0.071 0.149 
1300 0.027 0.061 0.128 
1500 0.023 0.053 0.111 
2500 0.014 0.031 0.066 
2700 0.013 0.030 0.064 
3500 0.012 0.028 0.061 
4000 0.012 0.028 0.060 

Table 2: Average differences in water elevation (m) for each scenario with respect to base scenario. 
Figure 9 shows that the discharges that are higher than 4000 m3/s could cause partial inundation in 

some areas of the reach. The critical elevation for inundation along the reach is 35 m at station 22+000 m. 
For discharges between 3500 and 4000 m3/s, the inundation could take place along approximately 3 km 
reach.  
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IX CONCLUSIONS 

1. Since the water is eroding below the protected banks now, this will lead to the collapse of parts of 
these protecting banks in future. 

2. The bed levels fluctuation was the minimum according to the 2008 survey relative to those of 1976 
and 1991. 

3. The average slope of the river bed became higher in 2008 compared with previous surveys. 
4. The results of the model showed very good coincidence with the observed water levels along the last 

15 km of the Tigris River reach. 
5. The inundation could take place along approximately 3 km reach of the Tigris River for discharge 

greater than 4000 m3/s. 
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Abstract. In recent years, substantial changes have occurred
in the morphology of the River Tigris within Baghdad City.
Although huge volumes of sediment are being trapped in re-
cently constructed headwater reservoirs, the number of is-
lands in the Tigris at Baghdad is increasing. The debris of
bridges destroyed in the wars of 1991 and 2003 and their
subsequent reconstruction have enhanced the development
of these islands. As a consequence the ability of the river
to carry the peaks of ood waters has been reduced. This has
led to potential increase of ooding in parts of the city.

The bed of the River Tigris has been surveyed on three
occasions (1976, 1991, and 2008). The most recent survey
was conducted by the Ministry of Water Resources, extended
49 km from the Al-Muthana Bridge north Baghdad to the
con uence with the Diyala River south Baghdad. It yielded
cross-section pro les at 250 m intervals. The data are used
to predict the maximum ood capacity for the river using
the one-dimensional hydraulic model for steady ow “HEC-
RAS” modeling. Calibration of the model was carried out us-
ing eld measurements for water levels along the last 15 km
of the reach and the last 10 yr of observation at the Sarai
Baghdad gauging station.

The model showed a signi cant predicted reduction in the
current river capacity below that which the river had carried
during the oods of 1971 and 1988. The three surveys con-
ducted on the same reach of the Tigris indicated that the abil-
ity of the river to transport water has decreased.

1 Introduction

The River Tigris is 1850 km in length, rising in the Taunus
Mountains of Eastern Turkey. The river ows for about
400 km through Turkey before entering Iraq. The total
length of the river in Iraq is 1418 km. It drains an area of

473 103 km2 which is shared by Turkey, Syria and Iraq, as
shown in Fig. 1. About 58 % of the basin lies in Iraq, and no
major tributary joins the Tigris south of Baghdad (Al-Ansari
et al., 1986, 1987), but several canals draw water from the
Tigris in this region for irrigation purposes. For this reason
the mean annual daily ow of the river falls below the dis-
charge at Baghdad (1140 m3 s−1) at Kut and Amara, cities to
the south.

The average annual ow discharge of the Tigris is
21.2 km3 yr−1 (672 m3 s−1) when it enters Iraq. Its main
tributaries contribute a further 24.78 km3 yr−1 (786 m3 s−1)
of water and some minor wadies from Iran carry about
7 km3 yr−1 (222 m3 s−1) directly into the southern marsh
area (Al-Ansari and Knutsson, 2011).

Several cities have been built on the banks of the Tigris
since the dawn of civilization. Among these is Baghdad, the
capital city of Iraq. Parts of all of these cities (Mosul, Samara,
Baghdad and Al-Kut) were inundated by the spring oods of
the river in 1954, 1971 and 1988. To overcome this problem,
various hydraulic projects have been constructed along the
Tigris and its tributaries in Mosul, Samara, Dokan and Dar-
bandikhan. The control of the river was most ef cient during
the twentieth century, after huge dams were built to entrap
some of the waters (Al-Ansari and Knutsson, 2011). Despite
the presence of many hydraulic structures upstream of the
city, parts of Baghdad were inundated in 1988. For this rea-
son the Ministry of Water Resources, which had conducted a
previous survey of the river in 1976, undertook a second sur-
vey in 1991. In 2008 the Ministry of Water Resources made a
third survey, extending from the Al-Muthana Bridge north of
Baghdad to the Tigris-Diyala con uence in the south using
land surveying instrument (total station) and echo sounder.

In the last century, the nature of the successions of high
water and ood conditions and the interactions of the ows
with the many control structures have induced erosion and
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Fig. 1. Map of Iraq showing the Tigris and Euphrates Rivers (Ency-
clopaedia Britannica, 2010).

deposition of material on the river bed, as well as the growth
and disappearance of islands, to the extent that is has been
classi ed as an unstable river (Geohydraulique, 1977).

During the last twenty years growing islands have be-
come noticeable features in the Tigris channel within Bagh-
dad City, the numbers of islands increasing with time. In this
contribution the impact of human activities in dam build-
ing, bank lining and dumping of debris within the channel
at Baghdad has led to changes in the geometry of the river
and its ability to carry ood waters.

2 Discharge of Tigris River for the period 1990–2010

Water ows of the Tigris and Euphrates Rivers entering Iraq
have decreased annually in a dramatic way for the past two
decades, due to the major water impoundment projects con-
structed; some remain under construction on these rivers in
the neighboring countries, Turkey, Syria and Iran (Al-Ansari
and Knutsson, 2011). In addition, the problem has become
more severe due to the recent dry climatic period in Iraq.
As a result the ow of the Tigris at Baghdad has fallen
sharply (about 19 % the trend of fall line according to the
discharge values mentioned by Al-Shahrabaly, 2008). The
average monthly discharge of the Tigris at Baghdad during
the period 1960–2010 is shown in Fig. 2. Twenty years av-
erage discharge (671 m3 s−1) decreased to (531 m3 s−1 ) dur-
ing 2000–2010 and it is less than half of the mean daily dis-
charge of 1140 m3 s−1 prior to 2005 and well below the ood
discharges of 4480, 3050 and 1315 m3 s−1 recorded in 1971,
1988 and 2005 respectively.

Fig. 2. Recorded Tigris River ow at Sarai Baghdad station for the
period 1990–2010. Data source: Al-Shahrabaly (2008).

3 Previous studies

In the past, several studies have been conducted on the River
Tigris. Among these NEDECO (1958) and Herza (1963) ex-
amined the hydraulic conditions controlling ows and the hy-
drological constraints, respectively. Later studies conducted
by the Ministry of Irrigation were more related to the present
research. The “Tigris River training project within Baghdad
City” in 1977 was conducted with Geohydraulique, and a
second study, in 1992, was linked with the University of
Technology in Iraq. Suspended sediment samples were col-
lected in both programs which were designed to improve the
river channel by protecting the banks against water erosion in

oods and raising the banks in places of expected over ow.
The numerical models used in these investigations were for
1-D steady state ow (using a standard step technique) and
also a morphological model for the river meanderings.

Similar river training studies have been conducted on
many rivers worldwide. Marchi et al. (1996) evaluated river
training works in the lower Po River of Italy. There, training
activities had successfully reduced the over ow frequency as
a consequence of protection and regulation works on the trib-
utaries and also on the main river. The storage capacity of the
river bed in ood was reduced due to a reduction of ood ex-
pansion areas in the upper and middle parts of the drainage
basin.

Lammersen et al. (2002) investigated the impact of river
training and retention measures on the ood peaks on the
River Rhine in Germany. They found that weirs constructed
along the upper reaches and other retention measures had
successfully in uenced the ood conditions along the river.
The SYNHP hydrological model was used to describe the

ood routing processes in the river by using single linear
stores and this was used to evaluate the effects of retention
measures in the upper reaches. The 1-D river ow model
SOBEK was used to perform ow calculations for the mid-
dle and lower reaches, based on the Saint-Venant equations.

Hydrol. Earth Syst. Sci., 16, 3783–3790, 2012 www.hydrol-earth-syst-sci.net/16/3783/2012/
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Fig. 3. Location of control structures upstream Baghdad City.

The models indicated that the river training activities led to
an increase in peak ow.

Korpak (2007) demonstrated the in uence of river train-
ing on channel erosion in Polish Mountain Rivers. Using data
from 53 yr of observations, he showed that debris dams and
groynes built before 1980 had caused great changes in chan-
nel patterns and increased the channel gradient and the rate
of river incision. He considered that although the measures to
decrease river downcutting in alluvial deposits worked well,
it had not been eliminated. Korpak noted that river training
schemes distort the equilibrium of the channel systems and
that most such projects were of limited success in the long
term because they rarely considered the entire reaches of the
rivers.

4 Control structures upstream Baghdad City

Four tributaries contribute to the Tigris River ows upstream
of Baghdad (Fig. 1). A number of dams, barrages and regu-
lators have been constructed on the river during and since the
second half of the twentieth century (Fig. 3). To link these
structures to the Tigris River surveys under examination, they
can be classi ed according to three periods of installation.
Prior to 1976 the Samara Barrage (1956) and the Dokan dam
on the Lesser Zab tributary (1961) were the two main modi-

cations to the river. During the second period, from 1976 to
1981, the Hemrin dam on the Diyala River has operated since
1981, and the Mosul dam on the Tigris began operating in
1986. The only signi cant major structure constructed since
1991 was the Adhaim dam, opened in 1999. No detail has
been given for anticipated discharge of compensation waters

Fig. 4. The geographic distribution of the bridges in Baghdad City.

from the 10.4 km3 capacity reservoir to be created by the Il-
isu dam in Turkey (yet to be completed) and their potential
impact on the water movements in the middle Tigris valley
area.

5 Bridges on Tigris River within Baghdad City

The City of Baghdad is divided into two substantial areas
by the River Tigris. These are connected by a number of
bridges which disturb the ow of the waters. Prior to 1976,
six bridges spanned the river in the north of the city. Six more
bridges were constructed during the period 1976 to 1991,
four more in the north and two in the southern part of the
city. Only one additional bridge has been constructed linking
the southern parts of the city since 1991. The geographic dis-
tribution of the bridges (Fig. 4), with ten towards the north
and only three in the south of the city indicates that the re-
sulting disturbance to river ows is greater in the north than
in the south.

During the wars of 1991 and 2003, three major bridges
(Jumhuriya, Sara a and the suspension bridge) suffered a
high level of damage, causing large pieces of concrete and
structural steel to fall into the river. Although some of the
larger pieces (steel members) of debris were removed from
the river bed, much of the smaller material (concrete frag-
ments that spilt from the steel structure) could not be re-
moved and remains on the river bed.

The reconstruction procedures for the three bridges re-
quired the installation of a temporary bridge for the
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Fig. 5. (a) Destroyed parts from Al-Sara a Bridge have fallen in the river (available at: www.wikipedia.org). (b) Temporary bridges parallel
to the suspended bridge.

Fig. 6. Small growing islands at Jumhuriyah Bridge location.

suspension bridge and the formation of an earth structure
capped by a roadway to carry heavy machinery in the case
of the Sara a Bridge. The damage to the Sara a Bridge and
the temporary bridges parallel to the suspended bridge are
illustrated in Fig. 5. The construction and removal of these
temporary structures are believed to have enhanced the for-
mation of new islands in the river (Fig. 6).

6 Changes in river geometry

Three main islands were recognized in the 1976 sur-
vey, namely Suraidat (upstream the study reach), Um Al-
Khanazer and Abu Rumail (see Fig. 7, the dashed lines high-
light the depositional side of the islands), and two smaller
islands. The rst, Kureat, lay in the second meander of the
study reach and the second about 9 km upstream from the
Diyala River con uence.

Between 1976 and 1991 a recreation park was constructed
on Suraidat Island and an access connected it to the left bank
of the river, creating a small lagoon. A similar development
at Um Al-Khanazer Island linked it to the right bank, and
likewise a lagoon was created beside that bank. The river
cross-sections of the 1991 survey revealed changes in the bed
and banks of the river and there were indications of new is-
lands (in Abu Nuwas and Dura) growing which had not been

Fig. 7. Um Al-Khanazer and Abu Rumail islands after their right
arms are deposit.

identi ed in the 1976 survey. These changes became more
noticeable in the 2008 survey.

During the period 1976–1991 about 97 % of the banks of
the northern part of the river were subjected to arti cial pro-
tection using rocks and concrete. The same was true in the
southern part of the river, but to a lesser extent. By the end of
2002 about 66 % of the banks of the reach had been protected
to a level of 35–37 m above sea level in attempts to canalize
the river course within the most populated areas and to avoid
bank collapse during oods (Al-Ansari et al., 1979).
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Fig. 8. Tigris River bed elevations during 1976, 1991 and 2008.

Fig. 9. Changing in geometry shape of Sarai Baghdad gauging sta-
tion.

Seven samples of bed material were taken by van veen
grab along 7 km in the northern part of the reach (between
Al-A’ameh Bridge and AlShuhada’a Bridge) from the center
line and on the quarters of transverse sections. The results of
sieve analysis for three of the samples indicated that the ma-
jor component is ne sand ( ner than 0.3 mm diameter) as
shown in Table 1. This is in agreement with Al-Ansari and
Toma’s (1984) description of the bed sediments of the River
Tigris in Baghdad.

The irregularities in the cross-sections of the river re ect
the variations in ow velocity controlling erosion or depo-
sition in new parts of the reach. It is important to note that
most of the suspended sediments formerly transported to the
reach were now being trapped in the upstream reservoirs, so
that the river was attempting to achieve a new stable regime
(Morris and Fan, 2010).

The recent regional decrease in rainfall is leading to low
water levels in the river reaches at Baghdad, and the waters
are eroding only below the foundation levels of protection
given to the upper banks. It is likely that this will lead to the
collapse of parts of the protected banks in the future.

In addition to the variations in bed levels along the reach
(Fig. 8), changes in elevation on any single cross section

Fig. 10. Observed Obstacles in Tigris River in 2008.

Table 1. Components percentage of bed material samples for Tigris
River in Baghdad City.

Location Fine Sand Silt Clay
% % %

Al-A’ameh – Adamiyah Bridges 98 1.77 0.224
Adamiyah – Sara a Bridges 95 4.87 0.13
Sara a – Bab Muadam Bridges 85 11 4

between the 1976, 1991 and 2008 surveys reached up to 4 m
(Fig. 9). The 1991 cross-section showed the most extreme
changes in bed level. This is believed to be due to the survey
having been conducted shortly after the 1988 major oods.
The bed level variation in 2008 was the least and may be at-
tributed to the fact that the survey was conducted 20 yr after
the high ood of 1988 or alternatively was due to the river
having suffered from low ow regime during the previous
20 yr.

The repeated surveys have shown that the average slope
of the bed of the Tigris within Baghdad was substantially
greater in 2008 (5 cm km−1) than in 1976 (1.03 cm km−1)
and more than twice that in 1991 (2.45 cm km−1). The obsta-
cles present in the river during the 2008 survey are listed in
Table 2, with details of their location, length and type. Some
are islands and others areas of bank accretion. Their positions
are indicated in Fig. 10.
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Table 2. Main observed obstacles in Tigris River within Baghdad
City in 2008.

Location Type Length (km) Symbol (Fig. 10)

Kura’at Bank deposition 1.4 A
Kadhmiyah Bank deposition 0.6 B
Kadhmiyah Island 1.0 C
Kadhmiyah Bank deposition 1.2 D
Adhmiyah Bank deposition 0.6 E
Adhmiyah Bank deposition 0.8 F
Etia yah Bank deposition 0.7 G
Sinak-Jumhuriyah Small islands – H
Abu Nuwas1 Island 0.6 IAbu Nuwas2 Island 0.3
Abu Nuwas Bank deposition 1.0 J
Jadriyah Island 0.4 K
Dura Bank deposition 1.5 L
Dura Island 0.4 M
Dura Island 1.0 N
Dura Island 1.1 O

7 Methodology

7.1 River geometry

The survey conducted in the winter season of 2007–2008 by
the Iraqi Ministry of Water Resources covered 49 km of the
river, from the Al-Muthana Bridge in the north to the con u-
ence with the Diyala River in the south. A total of 219 cross
sections were surveyed at intervals of 250 m (some cross sec-
tions were conducted at lesser intervals especially at mean-
ders), as shown in Fig. 11. The ndings of this survey have
been used in the present investigation to create a 1-D steady

ow model, using the HEC-RAS program, with additional
data on the locations and dimensions of the bridges.

7.2 Boundary conditions

The average discharge of the river at Baghdad calculated for
the previous ten years and additional discharge gures con-
sidered in previous studies (Geohydraulique, 1977 and Uni-
versity of Technology, 1992) have been used in the model to
de ne the upstream conditions, and a modi ed rating curve
for the river below the Diyala con uence was used to de ne
the downstream boundary for each of the upstream condi-
tions.

7.3 Model calibration

Calibration of the model was achieved by using observed wa-
ter level variations (59 observation points) along the lower
15 km of the studied reach on a single day when the discharge
was 400 m3 s−1.

The problems of calibration were extended to an attempt
to de ne suitable values for the Manning coef cients for the
main channel and the ood plain. This was achieved by itera-
tion to give coincidence between the computed water surface
levels and those observed. The minimum Root Mean Square
Errors (RSME) of 0.026 m were obtained for the coef cient

Fig. 11. Cross-sections of Tigris River by HEC-RAS.

values of 0.0285 for the main channel and 0.042 for the ood
plains. No precise data for the water consumption through
the reach were available and an estimate of the lateral in-

ow/out ow was included within the average in ow from the
Diyala River of 5 m3 s−1.

7.4 Model veri cation and application

A range of different scenarios were examined by increasing
the discharge, starting from the average ow for the previous
ten years, in order to determine the critical discharge that can
cause inundation. For some of these discharges (from 500
to 1300 m3 s−1), water surface levels had been recorded at
the Sarai Baghdad station during that ten year period. A new
RSME was computed for these observations giving good co-
incidence (RSME = 0.046 m) as shown in Fig. 12.

8 Results and discussion

The procedure of increasing upstream discharge was contin-
ued so that areas that had been inundated could be detected.
The discharges that were considered in this work started
at 500 m3 s−1 and increased in the same discharge steps as
those considered in previous studies (Geohydraulique, 1977
and University of Technology, 1992). Each of these dis-
charges was repeated in the model for four scenarios. The dif-
ference in each scenario was the lateral in ow represented by
the Diyala River. The lateral in ow for the initial (base) sce-
nario was 5 m3 s−1, which is the known average in ow ob-
served in the Diyala, and it was also used for calibration pur-
poses. The three other lateral in ows (taken from historical
data for Diyala river) examined were 25, 50 and 100 m3 s−1.
The effect of the backwater curve associated with each lateral
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Fig. 12. Computed water surface elevations for different discharge in Tigris and Diyala Rivers with discharge of 5 m3 s−1 with calibration
and veri cation data.

Fig. 13. Comparison for computed water levels at Sarai Baghdad
station in 1976, 1991 and 2008.

in ow was also checked. The average differences in water
surface elevation for each scenario compared with the base
condition are shown in Table 3. These differences indicate
that the lateral in ow exerted no signi cant in uence during
periods of higher discharges.

The water surface elevations computed at the Sarai Bagh-
dad station from the present study are plotted against those
from previous studies (Geohydraulique in 1977 and Univer-
sity of Technology in 1992) in Fig. 13. The more recent water
level predictions are lower than those of the 1976 study for
low discharges but higher than those for high discharge. They
are always lower than the levels recorded in 1991.

The plots in Fig. 12 indicate that discharges that are higher
than 2700 m3 s−1 could cause partial inundation in some
areas in the northern part of the reach. The critical wa-
ter surface elevation for inundation in the reach is 35 m, at

Table 3. Average differences in water elevation (m) for each sce-
nario with respect to base scenario.

Tigris Flow Lat. Flow 25 Lat. Flow 50 Lat. Flow 100
m3 s−1

400 0.040 0.102 0.209
500 0.038 0.087 0.186
800 0.030 0.067 0.142

1100 0.023 0.052 0.110
1300 0.019 0.044 0.095
1500 0.017 0.039 0.083
2500 0.010 0.023 0.049
2700 0.009 0.021 0.047
3500 0.008 0.020 0.045
4000 0.007 0.019 0.043

station 43 000 m. For discharges greater than 3500 m3 s−1 the
inundation could take place along approximately 9 km of the
reach. For the southern part of the reach under examination,
the inundation is not expected to occur below a discharge of
35 000 m3 s−1.

The water surface slopes for the base condition var-
ied from 6.03 to 6.84 cm km−1 for discharges between
400 and 1500 m3 s−1, respectively. For discharges of 2500
and 2700 m3 s−1, respectively the slopes were 8.59 and
8.96 cm km−1, but reached 10 cm km−1 for discharges of
3500 and 4000 m3 s−1.

The rating curve used to de ne the downstream boundary
condition needs modi cation for the high water stages to give
more reliable estimates of the new geometry conditions in the
river.
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9 Conclusions

The results of the three surveys and the operation of the
model on the channel of the Tigris indicate the following:

1. Recent shortages in the ow have kept the water levels
low on all of the river cross-sections so that the pro-
tected banks have had little value for ood protection;
however, they have helped the river to reach a new sta-
ble regime.

2. Since the water is now eroding below the protected bank
levels this will lead to the collapse of parts of these
banks in the future.

3. The variations in the level of the river bed were less in
the 2008 survey than during the surveys of 1976 and
1991.

4. The average slope of the river bed was steeper in 2008
than during the earlier surveys.

5. The bed obstacles during the 2008 survey were greater
in number and occupied the most complicated locations
than during the two earlier surveys.

6. The output from the model showed very good coinci-
dence with the observed water surface levels at the Sarai
Baghdad station and also along the lower 15 km of the
reach examined.

7. The computed water surface slopes varied from 6.03 to
6.84 cm km−1 during low ow conditions.

8. Inundation could take place along approximately 9 km
of the reach surveyed with discharges greater than
3500 m3 s−1.
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Abstract 
 

The Iraqi marsh lands, which are known as the Garden of Eden, cover an area 

about 15-20 103 km2 in the lower part of the Mesopotamian basin. The area had 

played a prominent part in the history of mankind and was inhabited since the 

dawn of civilization. The Iraqi government started to drain the marshes for 

political and military reasons and at 2000 less than 10% of the marshes remained. 

After 2003, the process of restoration and rehabilitation of Iraqi marshes started. 

There are number of difficulties encountered in the process. In this research we 

would like to explore the possibilities of restoring the Iraqi marshes. It is believed 

that 70- 75% of the original areas of the marshes can be restored. This implies that 

13km3 water should be available to achieve this goal keeping the water quality as 

it is. To evaluate the water quality in the marshes, 154 samples were collected at 

48 stations during summer, spring and winter. All the results indicate that the 

water quality was bad. To improve the water quality, then 18.86 km3 of water is 

required. This requires plenty of efforts and international cooperation to overcome 

the existing obstacles. 
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1 Introduction  
The Iraqi marshlands, which are referred to as the Garden of Eden, are created by 

the Tigris and Euphrates Rivers system in the lower part of the Mesopotamian 

basin where the longitudinal slope is very weak (Euphrates about 4 cm/km and the 

Tigris 8 cm/km) causing the two rivers to meander and split into many branches. 

This has formed a series of lakes and marshes. During seasonal flood the water 

overflows the plain and creates complexes of marshes. They cover an area about 

15-20 103 km2 (Figures 1 and 2). The Arabs (Islamic Age) called the lakes and 

marshes Al-Bataih, “the lands covered with torrents”. When they came to Iraq, 

they dug canals and drainage systems in large areas and cultivated lands and 

changed them into fields. The areas between Kufah, Wasit and Basrah were 

well-populated. The marshes shrank and increased according to the intensity of the 

floods of the two rivers throughout the centuries and according to the ability of the 

rulers of Iraq to control the water of the rivers. 
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Figure1: Major Iraqi Marshlands 

 

The marshlands stretch between double deltas. An inner one produced by 

Hillah-Hindiyah on the Euphrates and Sghatt al-Gharaf on the Tigris and a marine 

delta created by the Karun and Marunjerrahi river system [1]. Near the confluence 

of the two rivers in Qurnah, the Mesopotamian plain is very narrow due to the 

formation of conglomeritic alluvial fan of wadi Batin drawing the deposits from 

Saudi Arabia in the west and the Karun-Karkheh river systems descending from 

the Zagros mountains in Iran from the east [1]. These marshes are divided into 

three major units: i/Hammar marshes, ii/Central (Qurnah) marshes and 

iii/Hawizeh marshes (Figure 1). The water in the marshes lie over clayey soils and 

water depths are 0.5–2.0 m in dry and wet seasons respectively, while it reaches 

6.0 m depth in permanent lakes. 
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Figure 2: The Mesopotamian Marshes a. 1985 b. 2000 c.2002 d. 2004 [40]. 

 

The area was considered among the largest wetlands in the world and the greatest 
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in west Asia. It is considered one of the eleven non marine wetland areas in the 

world with Endemic Bird Area status [2; 3]. It supports a diverse range of flora 

and fauna and human population of more than 500 000 persons and is a major 

stopping point for migratory birds.  

The area was inhabited since the dawn of civilization by the Sumerians about 

6000 years BP [4 and 5]. Huge number of sculptures and Figures are documented 

since the Sumerians and Babylonian ages (Figure 3) [6]. Large number of the 

present inhabitants, referred to as ‘Ma`dan’, are claimed to be descendants of 

Sumerians. They have their own style of life which is linked with their aquatic 

environment. Most of them are semi-nomadic and their settlements are located at 

the edges of the marshes or on artificial islands and their houses are usually built 

of reed and mud (Figure 4). Water–buffalos are very important for the Marsh 

Arabs existence. For them water buffalos are like the importance of a camel for 

the Bedouin [7]. The buffalos are fed on young reed shoots and they provide them 

with milk, butter, yoghurt, as well as energy and crop fertilizer in the form of fuel 

and manure. Fishing, hunting and growing rice is the other complimentary things 

in the life of the marsh Arabs. The marsh dwellers were isolated till the 1970s. 
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Figure 3:  Sumerian clay tablet 5,000 year old depicts an ancient reed house. 

[9].b- ‘He (Merodach-Baladan, King of Babylon) fled like a bird to the 

swampland’ and ‘I (Sennacherib, King of Assyria) sent my warriors into the midst 

of the swamps … and they searched for five days’. But the King of Babylon could 

not be found. (703 B.C.) [6]. c- Relief showing life in the marshlands in ancient 

times. [9]. 
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Figure.4: A typical marsh landscape. Villages are built on artificial floating islands 

by enclosing a piece of swamp, and filling it in with reeds and mud. For flood 

protection, more layers are added each year to strengthen it. 

 

Reed (Pharagmites communis, Typha augustata) covers large areas of the marshes. 

The vegetation in the mud flats is usually Carex and Juncus spp., Scripus 

brachyceras. In the fresh water lakes the aquatic vegetation dominates like 

hornwort (Ceratophyllum demersum), eel grass (Vallisneria sp.) and pondweed 

(Potamogeton lucens spp.), as well as bottom vegetation such as stonewart (Chara 

spp.). In the smaller lakes and back swamps, floating vegetation of waterlilies 

(Nymphaea and Nuphar spp.), water soldier (Pistia stratiotes) and duckweed (Le 

mna gibba) are common [3; 8].  

The marshlands are very important for migrating birds where several millions of 

birds reside in these marshes when they migrate [9]. More than 80 bird species 
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were used to be in the marshlands. Due to draining process several species of 

animals and plants are extinct now while other species are threatened including for 

example Grey Wolf, Mesopotamian Gerbil [1]. 

It had been estimated that 60% of the fish consumed in Iraq comes from the 

marshes [10]. In addition oil reserves had been discovered in and near the 

marshlands [11; 10]. 

 The draining of the marshlands by Saddam regime in the 1990s brought 

catastrophic effect on the marsh dwellers, animals and plants. Several initiatives 

had been taken by the Iraqi Government and others [e.g. 10; 12; 13; 1] to restore 

this area (Figure 5). It is believed that there are several factors effecting the 

restoration of the marshlands which are to be discussed in this paper. 

 

Figure 5: (a) Marsh Arab fishermen Al-Hawizeh marsh in 2003. (b) The totally 

drained Central marsh 2003. Marsh soil (c) The remains of Al-Hammar marsh 

2003 (d) Al-Sanaf, a seasonal marsh area. s (e) Abu Zarag in February 2004). 

Reflooded in April 2003. (f) Suq Al-Shuyukh in February 2004. (44). 
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2 Evolution of the lower Mesopotamia 

During the last glacial period about 18000 years BC the sea level was 

about120-130 m below its present level. The Gulf at that period was dry and Shatt 

al-Arab was flowing directly into the Gulf of Oman [14] (Figure 6). The Tigris 

and Euphrates Rivers were cutting down to -26 m into the Mesopotamian plain 

between Qurmat Ali and Qurna and lower than -30 meters at Fao. Probably there 

were no marshes at that period when the ground water level was low. This period 

was followed by the rise of sea level at 14000 years BP onwards. Evidence of 

fresh water peat at Bubiyan island were reported by Gunatilaka [15] and Al-Zamel 

[16] at -20m deposits which are  2800 years old and at that time the surface of 

Shatt al Arab delta was 20 m below its present level. Sanlaville [14] suggests that 

the sea level was raising relatively fast at the period 900 – 6000 BP and it was at 

its maximum about 4000 years BC. At that period the sea level was 1 to 2 m above 

its present level [17]. Marine faunas were discovered in various parts of 

Mesopotamia. In Basrah and Amarah it was found at -2.7 and -8.5 m below soil 

surface within the sediments of Hammar Formation [18; 19]. From carbon dating 

it is clear that the Hammar Formation is of Holocene age [15] suggesting that the 

postglacial transgression reached Amarah area (Figure 6). The area was aquatic 

where the river bed was raised and the water table while the inner Gulf region was 

brackish due to its shallow nature and fresh water contribution from the rivers. 

Summarian cities like Ur and Eridu during the third millennium were located at 

the coast of the Gulf [20; 21]. 
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Figure 6: Postglacial transgression of the Gulf area (14). 

Over the marine Hammar Formation, abundant river sediments were deposited in 

the shallow northern region of the Gulf leading to the progression of the delta 

toward the southeast (Figure 7). This prevented the sea water from entering too far 

inland and for changing the nature of water from brackish lagoon to fresh water 

type and resending the coast line toward the south [22]. Archeological sites were 

discovered at the south of Haur al Hammar and east of Qurna-Basra during the 

second and first millennium indicating the Gulf shoreline was further south. After 

this period the rivers were running on the surface of the plain and the marshes 

took their present configuration and zoning. The southern limit of the 

Mesopotamian delta was very near its present limit during Hellenistic period and 

the three rivers had their own estuaries while the sea level is believed to be about 

one meter lower [14; 23 and 24 ]. 

 Onward miner events took place where at the seventh century the Tigris 

River followed the Gharaf bed into the Euphrates forming a very big marsh 370 

km long and 90 km wide. At that time the marshes were much bigger than today 

due to the shift of the Tigris River toward the west (14). Old investigations cited 

the existence of such big marsh which includes Haur al-Hammar [25]. Due to the 

large quantity of sediments carried by the Tigris and Euphrates Rivers, Lees and 

Falcon [26] believed that the area was under subsidence. In view of the 

excavations and bore holes through Hammar Formation [e.g 27], it is believed that 
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the weight of accumulating sediments compressed the silt and clay. A similar 

conclusion was cited by Sanlaville [14]. After the second half of the twentieth 

century the constructions of dams in Turkey and Iraq controlled the floods of the 

Tigris and Euphrates Rivers. Consequently the marshes are no longer fed by their 

floods. Furthermore salinity started to increase due to high evaporation rates. 

 

Figure 7: Evolution of the Gulf level and of the Lower Mesopotamian shoreline 



64                                    Restoring the Garden of Eden, Iraq 

 

since the postglacial transgression (14). 

3 Climate of the area  

The climate of Iraq is continental and subtropical with hot dry summer and mild 

wet winter. 

The rainy season usually extends from October to May followed by dry season 

from June to September. The annual rainfall map indicates that the average annual 

precipitation increases slowly from south-west to north-east. October to May, have 

a relatively low precipitation where the maximum precipitation takes place during 

December, to March. The rainy days during the year are between 40 to 60 days 

and the probability of intensive rainfall (1-10 mm) is only 25-27% [13]. The 

average annual rainfall ranges from 42 to 185 mm. Within the marshland area, Al 

Amarah, Al Basrah and Al Nasiriyah stations show an average annual 

precipitation of 185.42, 152.4 and 109.22 mm respectively [28].  

The air temperature within the area reaches more than 50oC during summer and 

drops rarely below zero during winter. It can be noticed that the mean annual 

temperature is ranging between 22.2 and 27.2oC. The absolute maximum and 

minimum are 50 and -2.2oC respectively. June, July and August are the warmest 

months (monthly average 34oC) while January, February and December are the 

coldest months (monthly average 8.8oC). It should be mentioned however that 

about 10 days a year the temperature is equal or below 0oC. 

The area is considered as humid area where it reaches its maximum relative 

humidity in winter (75%) and the minimum in summer (22%) with a mean value 

of 42%.  

The total annual radiation reaches 525 mW/hour where it reaches its maximum in 

June and July and its minimum in December and January. Eight to nine hours is 

the sunshine duration as an average during the day, this is equivalent to 72%. In 

summer sunshine duration reaches 85% while in winter it does not exceed 70%. 
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The prevailing wind direction is northwesterly and westerly. During spring, a 

south-westerly wind exists which is referred to as 'khansin'. This wind comes from 

Saudi Arabia and usually brings sand storms. Mean annual wind velocities are 

ranging from 3.6 to 5.7 m/sec with the highest mean monthly wind velocities 

taking place in the period June to August. 

Potential evapotranspiration (ETo) map shows that the rate is higher in the south 

relative to the north. The average annual ETo is higher than 2000 mm. ETo 

reaches its maximum values during May to September and its minimum during 

January. During summer, 50% of ETo annual amount occurs while it is 22% 

during spring and autumn and it reaches its minimum (6%) during winter. 

The average annual days with fog is 27 days and the maximum number of fog 

days occurs in December and January. As far as thunderstorms are concerned, its 

mean annual number of days is 7 usually occurring during the period October to 

May.  

The average annual dust days are of the range 36-53 days and they usually occur 

from April to August with the peak in June and July. The western parts suffer 

more than other parts from the dust storms. 

 

4 Hydrology 

Iraq consists essentially of a flat, low-lying plain which rises gently to the 

southwestern plateau reaching elevations of 940 m, and the northeast to the Zagros 

Mountains, which rise to elevations up to 3000 m. Elevations most of the 

Mesopotamian Plain (featureless plain) are vary from few meters below sea level 

to about 400 meters above sea level. The widest portion of the plain is 200 km, but 

it narrows towards Basrah to less than 45 km. 

The lower reaches of the Tigris and Euphrates Rivers join at Qurnah to form the 

Shatt Al-Arab, which flows into the Gulf below the town of Fao. In southern 
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Mesopotamia, both rivers separate in many sub-branches which disappear in a 

large marshland formation once occupying more than 15 103 km2 (during the early 

1970’s). Typical water depths within the marshes fluctuate between 0.5-3.5 meters 

annually. The largest marshes are the Hammar, Huweizah and Qurnah (or Central) 

Marshes (Figure 2). 

Most of the data in this section are obtained from Iraqi Ministries, 2006a, b and c; 

CRIM, 2008, 2009 a and b.   

 

4.1 Al-Hammar Marsh 

The Al-Hammar Marsh is situated south of the Euphrates, extending from near 

Nasiriyah in the west to the outskirts of Basrah on Shatt Al-Arab in the east. To 

the south it is bordered by saline lakes and sand dune belt of the Southern Desert. 

During the 1970’s the marsh area covered approximately 2,8 103 km2 of 

permanent marsh and lake, expanding to over 4,5 103 km2 during periods of 

seasonal and temporary inundation. It was approximately 120 km long and 25 km 

wide.  Maximum water depth in the marsh ranged from 1.8 to 3 meters. 

During the summer, large parts of the shoreline normally dried out, and banks and 

islands emerged. 

Al Hammar Marsh was fed primarily by flooding and tributaries of the Euphrates 

River. A considerable amount of water from the Tigris River, overflowing from 

the Qurnah Marsh, also nourished the Al Hammar Marsh. Groundwater recharge 

was another source of replenishment. 

 

4.2 Qurnah Marshes 

The Qurnah marshes are bounded by the Tigris River to the east and the Euphrates 
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River to the south, the area is roughly delimited by a triangle between Nasiriyah, 

Qalat Saleh and Qurnah. During seventies of last century, the Qurnah Marshes 

covered an area of about 3 103 km2. They receive water mainly from Tigris 

distributaries branching southward from Amarah. 

The marsh complex was densely covered with tall reed beds, interspersed with 

several large depressions. Along the marsh’s northern fringes, dense networks of 

distributaries deltas were the sites of extensive rice cultivation. 

 

4.3 Huweizah (Central) Marsh 
The Huweizah Marsh lies to the east of the Tigris River, straddling the Iran-Iraq 

border. The Iranian section of the marshes is fed primarily by the Kharkeh River. 

In Iraq, this marsh was largely fed by two main distributaries departing from the 

Tigris River near Amarah, known as Al-Musharah and Al-Kahla. During spring 

flooding, the Tigris would directly overflow into the marshes. It extends for about 

80 km from north to south, and 30 km from east to west, the marshes covered an 

approximate area of 2,35 103 km2. The northern and central parts of the marshes 

were permanent, but towards the southern sections they became increasingly 

seasonal in nature. The permanent marshes had moderately dense vegetation, 

alternating with open stretches of water. Large permanent lakes up to six meters 

deep were found in the northern parts of the marshes. 

 

4.4 Hydrological conditions at 1990s 
The primary source of water to the marshlands is flow from the Tigris and 

Euphrates Rivers, with the Kharkeh River supplying some water to the Huweizah 

Marsh, and some supply from groundwater. The wetlands of Lower Mesopotamia 

comprise shallow lakes and marshes covering a large area (Figure 2) which is 

formed on two large, flat and active fan deltas which are fed by the floods and 

water of the Tigris and Euphrates Rivers and their distributaries. The floods of 
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these two major rivers are caused by the winter rain and spring snow melt in 

Turkey and Iran. The area is poorly drained and have very low gradient of 

Quaternary alluvial plain [29; 30].  

During floods, the dry areas (or highlands) within the marshes are subjected to 

inundation by the Tigris and Euphrates water and, if it was not for the presence of 

rivers and levees, the entire region would be completely inundated by surface 

water. Water from the Tigris feeds the Huweizah and Central marshes due to the 

inadequate carrying capacity of its channel. The main Tigris channel reduces its 

cross-sectional area as it approaches the marshes. At Kut, the carrying capacity of 

the channel is as large as 6.000 m3/sec, while at Kalat Salih-Kassarah it decreases 

to 65-70 m3/sec. Downstream of Kassarah the river is again augmented by lateral 

inflow from the Huweizah marshes.  

Before the 1970’s, there was a complex system of natural channels where the 

Tigris and Euphrates formed interior deltas prior to reaching the marshes. This 

natural system of distributaries has been altered over thousands of years into 

agricultural canals. These include the Gharraf (design capacity of 500 m3/sec) 

flowing into the marsh Abu Zirig, Butairah (600 m3/sec), Aridh (700 m3/sec), 

Mujar Al-Kabir (210 m3/sec), flowing into the Qurna Marshes, and Mujarrah, 

Chahala flowing into the marsh of Huweizah. The Tigris River waters, after 

flowing through the Qurnah/central marshes, used to be occasionally overtopping 

the low levees on the right side of the Euphrates during high floods and feed the 

Hammar marshes. Now this is not possible as the upper reach of the Euphrates 

River is constrained into higher embankments all the way from Nasiriyah to 

Mdaineh. Still, eight secondary branches exist and are able to connect the Qurnah 

marshes to the Euphrates under the Nassiryia-Chebaish-Qurnah road via a number 

of bridges and culverts and breaches along the north embankment of the Euphrates 

River. The estimated 100-year event discharge capacity of these openings is 420 

m3/sec. 
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The Euphrates is divided into several arms downstream of Nasiriyah and flows 

into the Hammar Marsh along several secondary channels, the largest of which are 

Aglawin, Akaika (Qeqe), and Haffar. The total discharge capacity of these 

secondary channels is 1.820 m3/sec. 

The most important development which affected the marshes was the 

establishment of modern controls of the water of the Tigris and the Euphrates. 

This led to a decrease in the great floods that affected Iraq and consequently the 

area of the marshes. In addition, the irrigation projects played an active role in 

determining the courses of the Tigris and Euphrates and their branches, making 

future changes improbable. 

The discharge of the Euphrates measured downstream of Hindiya before 1990 

averaged 597 m3/sec, and then afterward the discharge averaged 338 m3/sec. The 

Tigris downstream of Kut had a mean discharge of 945 m3/sec before 1990; after 

1990 the mean discharge was 368 m3/sec. 

The Kharkeh River supplied approximately 5 106 m3to the Huweizah marsh prior 

to 1990; at the present time, it supplies approximately 2 106 m3. This reduction is 

due to the usage of water from the Kharkeh Dam built in 2002 [31]. 

The area of the marshes were highly influenced by the hydraulic structure build 

during the 20th century, construction of major hydraulic works played an essential 

role in controlling the floods. Al-Hindiya Barrage was inaugurated in 1913 on the 

Euphrates River while Al-Kut Barrage was constructed in 1938, which directed 

more water flow towards the Gharraf River to supply irrigation for field 

agriculture, thereby decreasing the amount of water flowing from the Tigris into 

the Qurnah (Central) and Huweizah marshes. In the 1970s the Syrian built dams 

on the Euphrates River followed by Turkey in the 1990s when they started the 

GAP project [32]. The post-1990 flow through the Euphrates is approximately half 

of what had been, while in the Tigris flows have decreased to almost a third of the 

discharge before 1990. This entire project reduced the quantity of water flowing to 
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the marshes. In addition many oil fields have been discovered within and near the 

marshes. The exploration of oil leads to drying parts of the marshes. More than 

1000 km2 of area represents the major oilfields in southern of Iraq, and this 

number will most likely increase in future. The largest oilfields in the marshlands 

area are: 

1. South Rumayllah in the Al Hammar Marsh. This is a super-giant oilfield in 

production since 1953. The northern portion of the oilfield extends into the 

marshlands. Approximately 300 km2 of marshlands have been drained to 

accommodate its production footprint. 

2. North Rumayllah in the Hammar Marsh. North Rumayllah was discovered 

shortly after the main Rumayllah field in 1954, but did not go online until 1972. 

Approximately 200 km2 of marshlands were drained to accommodate its 

production footprint. 

3. Zubayr field within the southeastern most Hammar Marsh. This oilfield has 

been producing since 1949; approximately 100 km2 of marshland was drained to 

allow for production facilities. 

4. West Qurnah in the Hammar and Qurnah Marshes. This is essentially the 

northern extension of the Rumayllah oilfields and represents a separate super-giant 

oilfield. The field was initially developed in the late 1980s. Only the portion 

within Hammar Marsh is under production, for which an area of about 150 km2 of 

marshlands was drained. 

5.Majnoon Field within the Huweizah Marsh. This is a super-giant oilfield 

discovered in 1977. Approximately 300 km2 of marshlands were drained to 

accommodate the footprint of its production facilities. 
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5 Draining the marshlands 
During the last two decades, hydrological programs such as previous Iraqi 

government drying program and Turkish dam’s construction in the headwaters of 

the Tigris and Euphrates Rivers have nearly destroyed these once-rich freshwater 

wetlands. 

Remotely sensed image analysis of the area indicates that 63% of the marshes 

diminished in 1992 when it is compared to the year 1985 (33). Tables 1, 2, 3 

shows that the al-Hammar and Qurnah marshes almost completely desiccated as 

well as the presence of evaporate deposits on their major water bodies (33). 

 

Table 1: Land cover classification and change in the Hammar Marsh area 

1977-2000 [33]. 

 

Land cover Category 1977(km2) 1985(km2) 2000(km2) 

Permanent Marsh 1,632 2,347 60 

Seasonal Marsh/Agriculture 286 339 210 

Open Water 1,933 694 112 

Total Wetland 3,565 3,041 172 

 

 

Table 2: Land cover classification and change in the Qurnah Marsh area 

1977-2000 [33]. 

 

Land cover Category 1977(km2) 1985(km2) 2000(km2) 

Permanent Marsh 2,765 3,244 82 

Seasonal Marsh/Agriculture 380 190 689 
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Open Water 646 203 66 

Total Permanent Wetland 3,411 3,447 148 

Table 3: Land cover classification and change in the Hawizeh Marsh area 

1977-2000 (33). 

 

 

 

Serious attempts to dry the marshes started at the outbreak of Iraq-Iran war in 

1980s when Iranian troops advanced inside Iraq [34]. Saddam regime began to 

drain the marsh lands so that troops can be moved into that area and use the water 

to block the advances of the Iranian troops [35; 12; 11] and perhaps to get rid of 

the marsh dwellers [36]. Local dwellers were also taken to the war front. Details 

of the engineering structures that were constructed to drain the marshes are 

discussed in details by CRIM [37]. 

It should be mentioned however that the area was highly contaminated by army 

munitions and poison gas [34; 38; 39]. Some people think that this was deliberate 

so that the area will not be possible to live in again [40]. 

USA encouraged the Kurds in the northern part of Iraq and the marsh dwellers to 

rebel against Saddam regime in 1991 during second Gulf war [40] and the result 

was that the Iraqi army crushed the marsh dwellers. During the first Gulf war 

some army deserters used to hide in the marsh areas and after the 1991 rebellion, 

some of the rebels took refuge in the marshes. Due to these factors the Iraqi 

regime sieges the area and movements in and out of the area were forbidden. To 

Land cover Category 1977( km2) 1985( km2) 2000( km2) 

Permanent Marsh 2,408 2,496 973 

Seasonal Marsh/Agriculture 286 224 507 

Open Water 785    766 173 

Total Permanent Wetland 3,193 3,262 1,146 
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enable the army to move inside the marshes, the central government started to 

execute five major drainage projects to prevent water from the Tigris and 

Euphrates Rivers from reaching the marches. Later, the army launched a major 

attack against marsh dwellers using artillery, mortar and ground attacks [41; 42]. 

This led to a mass exodus of marsh dwellers. Burning and bulldozing villages, 

confiscating land, forcibly removing inhabitants, taking hostages was a daily 

practice of the army in the marsh area. Water supplies were poisoned [43].Two 

third of the marshes were not receiving water inputs in 1993 and at 2000 less than 

10% remained [44]. The marsh lands were destroyed and some local dwellers 

turned to farming in order to survive. 

Coast [45] stated that 500 000 marsh dwellers remained in the marsh lands at the 

end of the first Gulf war. A migration to Iran started in 1990 and 120 000 marsh 

dwellers left. In 1997, 192 000 marsh dwellers were still living in southern Iraq 

and 200 000 remained in all Iraq [45]. After the fall of Saddam regime in 2003, 

people living near the marshes started to break down the diversions structures to 

let water entering the marsh lands again [44]. After that the Iraqi Government and 

the International community are trying to restore the marsh lands. 

Since 2003, there was an increase in wetland area and vegetation by about 58% 

[46] and in 2008 the marsh land covered 4.950 km2 and it was then reduced to 3 

420 km2 in April 2009 and to 2 313 km2 in July 2009 [40;44]. The reduction was 

due to water shortages. 

UNOHCI [47] estimate that only 10% of the marsh dwellers are living in the 

marsh lands today and it is believed that others living inside Iraq might return 

back to the marshes also [48; 49; 50]. 

The marshlands are well known for their biodiversity and cultural richness. 

Millions of birds migrating to Africa from Siberia and vice versa were using the 

marshlands in their journey [2,51]. Rare species such as marbled teal 

(Marmaronetta angustirostris; 40% to 60% of the world population) and the 
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Basrah reed warbler (Acrocephalus griseldis; more than 90% of the world 

population), were assumed to be close to extinction [51], but have recently been 

seen in a winter bird survey [52]. Furthermore, costal fish in the Gulf area used the 

marshlands for spawning migrations and the area was used also as nursery 

grounds for penaeid shrimp (Metapenaeus affinis) and numerous marine species 

[44]. 

The pollutants of the Tigris and Euphrates Rivers were used to be filtered in the 

area before reaching the Gulf while the Gulf area near Kuwait has now been 

degraded [2, 53, 35]. 

 

 

6 Present conditions of the marshes and its restoration and 

rehabilitation 

After the fall of Saddam regime in 2003 the local people removed some of the 

embankments on the Tigris and Euphrates Rivers to allow the water to inundate 

the marsh area. After that the Iraqi government, with the help of US, Japan, 

Canada, Italy, Denmark and some UN organizations (e.g. UNEP and UNDP) are 

trying to restore the marsh land. It should be mentioned that these enforced land 

use changes, climatic variations and changes as well as ecological fragmentation 

were all caused by draining the marshes. Accordingly, many species were affected 

as well as the marsh dwellers again. The rate of restoration reached 800 km2/year 

[44; 54] while UNEP [1] stated that the expansion rate is 900 km2/year. 

UNEP [1] stated that the wetland and marshes expanded 10% of its 1970s size in 

January 2003 and to 41% in December 2005 and both Al Hammar and Al 

Haweiza cover 50% of their original size. The marsh surface area reached 3000 

km2 in 2005 and the variation of the surface water body between summer and 
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winter-spring was 700 to 2000 km2 [1]. The drought in 2009 and the reduced flow 

from Iran caused the size of the marshes to shrink to the same area as it occupied 

in 2003. It should be emphasized that the water quality of large part of the marshes 

is of low quality [55]. CIMI [54] reported that the percentage of healthy marshes 

in Basrah, Maysan and Thi Qar Governorates are 42%, 47% and 21% respectively. 

From the data collected after 2003, it seems that it is impossible to restore the 

marsh lands as they were before the 1980s. This is due to the saline soil, poor 

water quality and pollution from military leftover. Parts of the marshlands are still 

in use as agricultural areas and the owners or the local authorities are reluctant to 

leave them due to the high agricultural production from these areas.  In addition, 

oil activities took about 30% of the marsh land. Using the data provided from the 

Ministry of Water Resources (especially CRIM), it is evident that if 75% of the 

original areas of the marshes are restored i.e. 1800, 1800 and 2425 km2 for Al 

Hammar, Al Hawiza and Central marshes respectively. This implies that the 

quantity of water required is 3263, 5495 and 4128 106 m3 for the three marshes 

(Table 4). 

To evaluate the water quality within the three main marshes, 11(Huweizah marsh), 

17 (Al-Hammar Marsh) and 20 (Central marsh) locations were selected (Figure 8). 

As far as Huweizah marsh, seven locations were from the feeders of the marsh 

while two were inside the marsh and the last two from the outlets for the marsh. 

Samples were collected during three seasons from these locations (spring, summer 

and winter) in 2008 and analyzed at the Iraqi Ministry of Water Resource [56]. It 

should be mentioned however, that in some locations no samples were collected 

during summer and winter because the area was dry. The following equation was 

used to find out the water quality index (WQI): 

 

                                         (1) 
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Where: 

n: is the number of considered water quality parameters. 

c: is the concentration or value of the water quality parameter number i. 

f (ci): is the weight factor which is function of the concentration or value of the 

water quality parameter.  

The water quality index for the fish and aquatic life consideration consists of the 

following water quality parameters; pH, temperature, dissolved oxygen, specific 

conductivity, total dissolved solid, chloride, Khalid [57]. 

According to the equation the ranking values are given in table 5. The results 

(Figures 9, 10 and 11) showed that the overall WQI of the marshes water were 

fluctuating at each marsh during the three seasons, and the best season relatively 

was spring then winter while summer was the worst.   

 

Table 4: The volume of water required to restore the Iraqi marshes. 

 

Marsh Name 
Total available 

area km2 

Percentage of 

restorated area 

(2008) % 

Percentage of 

goal area % 

Water 

Required 

MCM 

Huweizah 1800 44 75 5495 

1800 23 75 3263 
Hammar 

    

Qurnah 2425 25 75 4128 

 

Huweizah Marsh was relatively the best in its WQI relative to the other two 
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marshes (Figure 9). For the same season, the water quality inside the Huweizah 

marsh was worse than the quality of most of the feeders. This is believed to be due 

to high evaporation and evapotranspiration rates.  

The WQI of Al-Hammar Marsh was very bad according to the WOI scale  for the 

whole seasons and was bad for its  feeders of the marsh are ranged from bad (in 

three stations on the feeders in spring season) to very bad for most of the locations 

as shown in (Figure 10). The exceptional station was MH22 where it supplied 

water from River Tigris directly. The other locations and the marsh itself are 

highly influenced by the Gulf water entering the marsh and its feeders during 

tides. 
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Figure (8): Locations of measuring stations for water quality parameters for (a) 

Huweizah marsh, (b) Qurnah marshes and (c) Hammar marsh 

The WQI of Qurnah marshes was very bad for the whole seasons while most of its 

feeders (especially from the north) had better water quality and are ranged from 

medium during spring and winter for the most feeders (except one good value in 

spring for one of them) to very bad during summer as shown in (Figure 11). 
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Figure 9: Water quality index values for Huweizah marsh during three seasons in 

2008. 

 

 

Figure 10: Water quality index values for Hammar marsh during three seasons in 

2008. 
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Figure 11: Water quality index values for Qurnah marshes during three seasons in 

2008. 

 

In case the water quality in the marshes is to be improved then the water 

requirements are much more (Table 5).   

 

Table 5: Ranking values of Water Quality Index 

WQI value Quality Rank 

0 – 25 Very bad 

25.1 – 50 Bad 

50.1 – 70 Medium 

70.1 – 90 Good 

90.1 – 100 Excellent 

 

The Restoration and rehabilitation of the remainder part of the marshes requires 

multi- disciplinary work and actions. From our point of view the most important 

steps are the following: 

• Open up a dialogue with riparian countries (Turkey, Syria and Iran). This is 

due to that fact that these countries are controlling the flow of the Euphrates and 

Tigris Rivers and their tributaries. The flow in the rivers inside Iraq has been 

tremendously reduced due to the hydraulic structure like dams, and dykes built in 

the rivers. The effect of the Turkish project GAP and the Syrian dams are 

discussed by several authors [e.g. 11, 32]. Recently however, the Iranians had 

dammed many of the rivers contributing to Al Huwiza marsh. It should be 

mentioned however that 7,68 106 m3/year is required to overcome evaporation in 

the area.  
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• The marshes should be considered as national protected areas similar to Al 

Haiza which has been designated as a Ramsar site [58].  

• Provide essential services to the marsh dwellers and introduce public 

awareness programs for them and the public about water resources conservation.  

• Drainage water must be prevented from entering the marshes. This affects the 

water quality tremendously.  

• Maintenance of the water distribution systems in order to reduce the high 

loses.  

• Irrigation practices should be modernized and suitable techniques should be 

used. Iraq consumes 85% of its water resources for agriculture [59] and use of 

suitable irrigation techniques will spare huge amount of water. Water harvesting 

techniques and non-conventional irrigation techniques can serve as an extra water 

resource. 

 

 

6 Conclusions 

The Iraqi marshlands, which are referred to as the Garden of Eden, are created by 

the Tigris and Euphrates Rivers system in the lower part of the Mesopotamian 

basin where the longitudinal slope is very gentle causing the two rivers to meander 

and split into many branches. This has formed a series of lakes and marshes. 

During seasonal flood the water overflows the plain and creates complexes of 

marshes. They cover an area about 15-20 103 km2.  The main marshes are 

Huweizah, Al-Hammar and Qurnah Marshes Serious measures were taken to drain 

the marshes in early 1990s and then restoration of the marshes started in 2003. 

It is believed that 75% of the area covered by the marshes can be restored. This 

can be achieved if 3263, 5495 and 4128 106 m3 of water is supplied for the three 

marshes. 
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The present water quality of the marshes is bad. To improve the quality more 

water had to be supplied for the three marshes. 
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