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ABSTRACT 

The climatic data of rainfall and temperature degrees obtained from meteorological 

stations in Tikrit and Baiji districts for more than forty years were examined and evaluated. The 

results show actual evidences in the climatic changes, which are indicated by remarkable 

decreases in the average means of annual rainfall, with increases of the average mean of annual 

temperatures.  The impact of the climatic change on the groundwater was obvious in decreasing 

the water table as observed and studied in the unconfined aquifer in Samara- Baiji area. The 

unconfined aquifer in this basin represents the shallow underground water aquifer, which is 

recharged mainly from rain water. Since this source is scarce, the aquifer gains its water slowly 

in a rate less than the rate of losing by both evaporation and abstraction wells. The designed 

model and the water budget calculations confirm this state that the aquifer is worn out within the 

year 2020. The recommended solution to prevent more depletion and to protect the groundwater 

from deterioration is to stop drilling wells in the area, which is exposed to heavy withdrawal. It 

must be taking in consideration to leave an acceptable distance between the new drilling wells (at 

least 750 m). 
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INTRODUCTION 

Iraq is characterized by hot–dry climate in summers and cold–rainy winters. Relatively, 

90% of the annual rainfall occurs between November and April. Moreover, the temperature in 

Iraq ranges from 40 to 50°C in the summer season (June, July, August and sometimes 

September) to freezing point (0
0
C) in the winter season (December, January and February).Water 

resources systems need for operated to cope with variability of climate changes; mainly the 

expected changes in (temperature and precipitation), where are great needs for an emergency or 

risk water resources management practices. Actually, current water management practices are 

very likely inadequate to reduce the negative impacts of climate change.Water resources 

systems, traditionally designed on the assumption that the statistical characteristics of the hydro-

meteorological processes are almost expected annually and on the long run. But now it is 

absolutely necessary to take in consideration the fact that all these parameters are expected to 

change accordingly with the effects of the global climate change.  

Several studies were submitted concerning the hydraulic characteristics and the 

hydrochemical properties of the groundwater in Iraq [1, 2, 3 and 4]. But no one of these studies 

deals with the effect of the climatic changes on the future utilization of the groundwater basins in 

Iraq. The impact of the climatic change on the groundwater was obvious in decreasing the water 

table as studied in the unconfined aquifer in Samara-Baiji area. The quality and quantity of the 

groundwater in the study area has been recently appeared in the last two decade to suffer 

pollution, depletion, bad quality and quantity of groundwater, due to heavy and excessive 

pumping of groundwater and planting the areas, especially during the dry long period (April to 

October) in Iraq. Therefore, the unconfined aquifer in east of Tigres River (Samara- Baiji) was 

selected as case study to represent the shallow aquifer, which recharged mainly from rain water. 

Since this source is scarce, the aquifer gains its water slowly in a rate less than the rate of 

evaporation and abstraction wells.  

The study area is lying in east of Tigris River between Samara and Baiji area. It is located 

in Salah Din Governorate within latitude 35
o
 00

/
 - 34

o
 00

/
 to the north, and longitude 43

o
 15

/
 - 44

o
 

30
/
 to the east (Fig1). It is extended for about 5473Km

2
, which is bounded with Jabal Hemrin 

Mountain from the east and Tigris River from the west and it is drained from east to west.  

The quaternary deposits are covered the entire area of Salah Din Governorate. Pre-

quaternary rocks are exposed along and within Hemrin fold structure. The main Geological 

Formations, which are exposed in the area are (Fig1), (from older to younger): The Euphrates 

Formation composed of limestone ( Miocene age)  ,the Fatha Formation of red marly clays, thin 

sandstone, and gypsum beds (Miocene age) ,the Injana Formation consists of sandstones, marls, 

clays, and silts( Miocene age),the Mukdadiya Formation of marls, siltstone; mudstone, and 

conglomerate (Pliocene age), The Bai Hassan Formation consists chiefly of gravel and 

conglomerate interbedded with siltstone and mudstone ( upper Pliocene age). The Bai Hassan 

and Mukdadiya formations appear as a large potential source of water in the Baiji-Samarra area 

considerable hand-dug wells produce water from the top of the formation on the desert and some 

on the river flood plains. The main shallow aquifer in the basin extends within the clastic 

sediments of the Upper Pliocene-Pleistocene deposits. The aquifer recharged mainly from 

rainfall and due to reduction of precipitation with time, the aquifer is not fully saturated and wide 

parts are lacking sufficient groundwater [2].   

The aims of this research are to indicate the evidences of climatic change by studying the 

climatic parameters, rainfall and temperature data, also to give confirmation on the Samarra- 

Baiji unconfined aquifer exploitation based on the modeling technique. 
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MATERIALS AND METHODS 

Materials of this paper include data of climatic parameters e.g., temperatures and rainfall 

records, which were collected from two important meteorological stations of Tikrit and Baiji 

sites. Geographically, Tikrit stationis situated in the middle part of the underground aquifer, and 

the second is situated in the northern limit of aquifer. The methodology of this research includes: 

1 Climatic parameter analysis  

Two representative meteorological stations were selected in order to analyze the climatic 

elements and parameters. Baiji meteorological station is chosen to represent the folded belt 

foothills, and mountain in the north, and Tikrit meteorological station is represent the 

Mesopotamian and flood plains in the central part of Iraq (Fig1). The available data for 31 years 

of Tikrit and Baiji meteorological stations records of the climatic elements were collected and 

studied (for the years 1980-2011) such as mean temperature, and rainfall [6]. 

2 Groundwater Flow Modeling of Samara- Baiji shallow aquifer 

 Groundwater flow model of Chiang and Kinzelbach [7] was applied, which is based on 

finite difference method of implicit solution. The use of this model is to develop a numerical 

quasi three dimensional groundwater flow of the shallow aquifer in the studied basin within the 

Upper Pliocene-Pleistocene sediments.  

RESULTS AND DISCUSSION 

1 Climate 

Rainfall Analysis: The mean annual rainfall (in mm) frequency curves for the years 1980-2011 

were evaluated for available data of Mosul Kirkuk, Baiji, Tuz and Tikrit meteorological stations. 

The relationship between rainfall and time seems negative in Tikrit, and Baiji (Fig2). 

Remarkable decrease in the rainfall amounts was indicating from the general trend line for Tikrit 

and Baiji stations (Fig2).   

Mean annual temperature: The mean monthly data of minimum and maximum temperatures 

(°C) of January, April, July and October (for the years 1980-2011) frequency curves were 

evaluated for available data from Baiji and Tikrit stations. The relationship between temperature 

and time seems positive in the area with remarkable increases in temperature degree, which is 

indicated from the general trend line (Fig3).   

2 Groundwater Flow Modeling 

The hydrogeological system of the studied aquifer in the Samara-Baiji area is divided into:  

A. The first hydrogeological unit is water bearing horizons represented by both the Quaternary 

and Bai Hassan sediments. These horizons are mainly composed of sandy gravel and/or 

conglomerates. This unit is characterized by unconfined/semi confined conditions. Moreover, 

local bank storage condition exists alongleft bank side of Tigris River downstream of Al-Dor 

City, and of unconfined perched condition to the east and south directions of Shari Lake. 

B. The second hydrogeological unit is water bearing horizons of Injana and Mukdadiya deposits. 

These horizons are mainly composed of sandstones and pebbly sandstones. This unit are 

characterized by semi-confined to confined conditions.  

The ground water occurs in the alluvial deposits and underlying Mukdadiya and Injana 

formations. The Mukdadiya formation is the most important water bearing formation in the study 

area because of its lithology and porous nature. The alluvium deposits are represented by thin 

horizon over the geological formations.The Injana and Mukdadiya formations considered as an 

important aquifer in thearea of removal alluvium deposits.The first unconfined aquifer is about 

100-150 m thick and situated in the quaternary deposits beneath Bai Hassan formation that 
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composed from homogeneous beds of claystone and pebbly sandstones, which are covered by 

gypsiferous soil (gypcrete) covered the whole study area (Fig4) [1 and 2]. 

2.1 Hydraulic parameters  

The hydraulic parameters of the aquifer represent the productivity of the groundwater 

bearing beds and the storage of the aquifer. The hydraulic parameters are the Transmissvity (T in 

m
2
/day) or the hydraulic conductivity (X), which is the saturated thickness. In the study area, the 

transmissivity is ranging from 3 to 300 m
2
/day, and increasing toward the middle and southern 

parts and decreasing toward Shari Lake and Hemrin Mountain, (Fig 5). Hydraulic conductivity 

(K) is the movement of water volume / time trough unit area in relation to the hydraulic slope. It 

is ranging from 5 to 35 m/day that is homogeneously distributed with the transmssivity 

coefficient in the study area (Fig 6). Storage coefficient (S) and also called Specific yield (SY) is 

used for the unconfined aquifers. It is ranging from 0.017 to 0.026 (unit) in the study area [1]. 

The discharge of each well depends on several factors such as permeability (horizontal and 

vertical), penetration of aquifer, and good development of the well. According to the geological 

conditions, confined and unconfined aquifer types are existing in the area. The salinity of the 

water is increasing with depth, in which the main type of water is sodium chloride. 

2.2 Modeling of Groundwater Flow  

 Groundwater flow models are used to calculate the rate and direction of movement of 

groundwater through aquifers and confining units in the subsurface [8]. The simulation of 

groundwater flow requires a thorough understanding of the hydrogeological characteristics of the 

area. The hydrogeological investigation should include a complete characterization of the 

subsurface extend and thickness of aquifer, hydrological boundaries (boundary conditions), 

which is controlled the rate and flow direction of the aquifers, a description of the horizontal and 

vertical distribution of hydraulic head throughout the modeled  area for beginning (initial 

conditions), equilibrium (steady state condition) and transitional conditions when hydraulic head 

may vary with time (transient condition), distribution and magnitude of groundwater recharge, 

pumping or injection of groundwater, leakage to or from surface water bodies, etc… All the 

required data are described below: 

2.3 Grid Design  

The dimensionality of the model should be selected during the formulation of the 

conceptual model. To minimize a variety of sources of numerical errors, the model grid should 

be designed using the finest mesh spacing and time steps that are possible, given limitations on 

computer memory and computational time. To the possible extent, the grid should be aligned 

with the fabric of the rock and the average direction of groundwater flow. The boundaries of the 

grid should also be aligned to the possible extent with natural hydrologic and geologic 

boundaries of the system of interest. Where it is impractical to extend the grid to a natural 

boundary, a appropriate boundary conditions should be imposed at the edge of the grid to 

represent the net effects of the continuation of the system beyond the grid. These boundaries 

should also be placed as far as possible away from the area of interest and areas of stresses on the 

system, to minimize any impact of conceptual errors associated with these artificial boundary 

conditions. In designing the grid, the length to width ratio (or aspect ratio) of cells or elements 

should be kept as close to one as possible. Long linear cells or elements can lead to numerical 

instabilities or errors and should be avoided particularly if the aspect ratio is greater than about 

five [9]. The model grids of Tikrit-Samarra area composed of 92 columns and 92 rows, and the 

cell dimensions are 1200 x 1200 m. The total number of the grid cells is 8464 of which 3088 are 

active within the area. 
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2.4 Boundary and Initial Conditions  

To obtain a unique solution of a partial differential equation corresponding to a given physical 

process, additional information about the physical state of the process is required. This 

information is supplied by boundary and initial conditions. For steady-state problems, only 

boundary conditions are required, whereas for transient problems, boundary and initial 

conditions must be specified. Mathematically, the boundary conditions include the geometry of 

the boundary and the values of the dependent variable or its derivative normal to the boundary. 

In physical terms for groundwater model applications, the boundary conditions are generally of 

three types:  

1. Specified head value (active cells); the initial conditions are simply the values of the 

dependent variable specified everywhere inside the boundary at the start of the simulation. 

Normally, the initial conditions are specified to be a steady-state solution. However, if initial 

conditions are specified so transient flow is occurring in the system at the start of the 

simulation. It should be recognized that heads will change during the simulation, not only in 

response to the new pumping stress, but also due to the initial conditions [10]. 

2. Specified flux (corresponding to a specified gradient of head or concentration). No-flow 

boundary is a special case of the second type of boundary condition. The types of boundaries 

appropriate to a particular field problem require careful consideration. No flow boundary is 

well determined in Tikrit - Samarra due to clear feature of Jabal Hemrin. 

3. Value-dependent flux (or mixed boundary condition, in which the flux across a boundary is 

related to both normal derivative and the value) [10]. The third type of boundary condition 

might be used for example, to represent the leakage or the exchange between a stream and 

adjacent aquifer. The leakage may change over time as the head in the aquifer changes even 

though the head in the stream might remain fixed. Tigris and Al-Udhaim Rivers are 

considered as the boundaries in the simulation of the model. 

3 Initial heads  

Initial head data are needed for each cell in the model. Several options exist to create 

initial head file. Water surface elevations are used from set of wells screened only in the upper 

unconfined aquifer to create a DBF file of water table elevations. Starting with these wells, wells 

with abnormal data, perhaps influenced by nearby unused pumping wells.  

GIS, 3D spatial analysis is used to draw isopotential lines. Preliminary model runs using these 

initial head files, (Fig7). 

4 Additional data 

The available well logs in the area were reviewed for estimating aquifer thickness. The 

data for every well was examined for the lithology and thicknesses. The well logs refers to thick 

layers of coarse sand and gravel, underlies with thickclay horizon, and lies inside the fan, which 

is used to estimate the bottom of the aquifer. The top of the confining clay layer is considered as 

the bottom of unconfined aquifer. The aquifer thickness ranges from 35 to 106 m with average 

thickness of 73 m. From these logs, the top and the bottom of the aquifer were determined. Al-

Furat center for studies and designs of irrigation projects 1989 was calculated the transmissivity 

for more than 40 wells in the area. These values were reviewed, evaluated and checked to use in 

the model, to define the transmissivity, top and bottom of the aquifer in the model (Figs 5, 8&9). 
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5 Steady State Simulations 

Steady State Conditions; the condition of equilibrium inputs and outputs system are 

referring to no net change in the system with time. Steady State Flow - a characteristic of a 

groundwater or dadoes zone flow system where the magnitude and direction of specific 

discharge at any point in space are constant in time. A steady state groundwater flow model 

requires spatial distributions of water inflow and outflow as well as the subsurface hydraulic 

properties be defined throughout the region. These models can be used to characterize the 

movement of water through subsurface if no input parameters discuss the change in time. A 

steady state step is used to establish the initial condition model at the beginning of the 1988. 

There is no well pumping, irrigation recharge or river leakage in the initial steady state. 

Therefore, the recharge consist only the precipitation recharge for calibration. The output of 

running steady state simulation where the calculated heads gives -0.17% discrepancy, and 

indicates that the equation of the model has been correctly solved (Fig 10 ). 

6 Transient Simulations 

The transient simulation involves the change in the hydraulic head with time. These 

simulations are needed to decrease the range of variability in the model input data. Moreover, 

there are numerous choices of model input data, which may present in similar steady state 

simulations. At a minimum, model calibration should include comparisons between model-

simulated conditions and field conditions for the examined data. The difference between 

simulated and actual field conditions (residual) should be less than 10 percent for the model 

domain [11]. The first attempt in transient simulation is made with an assumption without 

withdrawal water from the aquifer. The stepping time was 12 stress periods, where the 

simulation time days and the flow recharge package are the most important factors in the 

simulation due to the difference in the climate factors. The source of the groundwater recharge is 

an influenced factor during three months in a year according to the calculations of water surplus. 

The aquifer receives 0.00048 m
3
/day in January, 0.00071m

3
/day in February and 0.00096 m

3
/day 

in March. According to such conditions (with no sinks), the model is discussed the calculated 

head values for this simulation (Fig11). The calculated hydraulic head after one year simulation 

with withdrawal of groundwater was estimated as 250 m
3 

/ day (Fig12). Small difference in 

hydraulic heads was seen when comparing the data of both simulations (with or without 

pumping). The study area during the last decade of the twenty century reveals great agricultural 

development, in which more than 2000 wells were drilled. This caused depletion of the aquifer, 

and the water table is continuously dropping down. The  probable hydraulic heads in 2000 wells, 

after loading discharge from the aquifer according to agricultural offices in Tikrit 

Governorate(Fig13).  

7 Predictive Simulations 

Predictive simulations may be used to estimate the hydraulic response of an aquifer and 

the possible migration pathway. The predictive simulations must be viewed as estimates and not 

certainties to aid the decision-making process. As an example, the design of a groundwater 

remediation system may be based on predictive model simulations. A model may be used to 

predict the pumping rate needed to extract groundwater. Predictive simulations are based on the 

conceptual model developed for the area, the data of hydrogeological parameters, errors in 

values of model parameters, or differences between field conditions and the Conceptual model as 

well as errors result in the model equations in predictive simulations. Models are calibrated by 

adjusting parameters to response closely reproduces field conditions of separated data of 2006 

within some acceptable criteria in an attempt to minimize model error.  
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Predictive models should be conservative. to predict the hydraulic heads for the next 

years the period length is divided to wet and dry seasons, wet season is represented by (January, 

February and March) this period is of 0.00215 m/day recharge and without pumping while the 

another season represents by the other months with -400 m
3
/day discharge from active cells, the 

model runs for next 13 years up 2020. The hydraulic heads for this simulation indicated in Fig14. 

It is concluded that the continuous dropping down in hydraulic heads will happen, unless new 

policy will utilize in the area to prevent the depletion of groundwater and certainly increase in 

deterioration of its quality. The predictive drawdown of the hydraulic heads in 2020 indicates a 

depletion of groundwater in many parts of the domain (Fig15). It is recommended to  prevent 

more depletion and to protect groundwater from deterioration ,it is recommended to stop drilling 

in the areas which exposed to heavy withdrawal ,and to drill wells away taking in consideration 

leave an acceptable distance between wells (at least 750 m) between well and another. 

CONCLUSION 

According to the available data of temperature and rainfall of Tikrit and Baiji meteorological 

stations for the years 1980 – 2011, remarkable decrease in rainfall amounts, with remarkable 

increase in temperature values were indicated. 

A steady state step is used to establish the model initial condition at the beginning of the 

1988. There is no well pumping, irrigation recharge or river leakage in this initial steady state. 

Therefore, the recharge consists only of precipitation recharge for calibration. Predictive models 

should be conservative to predict the hydraulic heads for the next years the period length is 

divided to wet and dry seasons, wet season is represented by (January, February and March) this 

period is of 0.00215 m/day recharge and without pumping while the another season represents by 

the other months with -454 m
3
/day discharge from active cells, the model runs for next 20 years 

up 2026 with 40 stress periods. It is concluded that the continuous dropping down in hydraulic 

heads is recorded, unless new policy will utilize in the area to prevent the depletion of 

groundwater and increase in deterioration of its quality.  
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Fig1: Location map of Samara- Baiji area (modified after Sissakian, et al, [5]). 
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Fig2: The annual rainfall data from 1980 to 2011 were obtained from Mosul, Kirkuk, Baiji, Tuz 

and Tikrit meteorological stations. 
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Fig3: The mean monthly minimum and maximum temperature of January, April, July and 

October for the year from 1980 to 2011: A. minimum temperature in Baiji, B. minimum 

temperature in Tikrit , C. maximum temperature in Baiji , D. maximum temperature in Tikrit. 
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Fig4: Shows the underground water level in the first aquifer (m). 

 

 

 

 

 

 

 

 

 

 

 

 

Fig5: Shows the Transmissivity (T) in m
2
/day of the first aquifer. 
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Fig6: Shows the hydraulic conductivity (K) of the first aquifer. 

 

 

Fig7: Shows the isopotential lines of the first aquifer. 
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Fig8: Shows the top (upper boundary) of the first aquifer (m). 

 

Fig9: Shows the bottom (lower boundary) of the first aquifer (m). 
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Fig10: Shows the calculated hydraulic heads of Steady State Simulation. 

 

 

Fig11: Shows the calculated hydraulic heads of one year Simulation. 
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Fig12: Shows calculated hydraulic heads of one year Simulation with pumping. 

 

 

Fig13: Shows calculated hydraulic heads in year 2000. 
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Fig14: Shows calculated hydraulic heads in year 2020. 

 

 

Fig15: Shows predicted drawdown in the hydraulic heads in year 2020. 

 

 

 


