
   

 

111 
 

  

 

 

 

Long Term Impact of Climate Change on air Temperatures of 

Greater Zab River Basin, Iraq 

Gamal H. Elsaeed
1
, Khaled Kheireldin

2
, Muhanad T. AL-Sheer

3
 and 

Elzahry F. Elzahry
4
 

1 Dr. Professor of Water Resources Engineering and Hydraulics, President of Benha University, Egypt; 

gelsaeed@feng.bu.edu.eg 
2
 Dr. Professor of Costal Research Institute, Alexandria, Egypt; Kzurich22@gmail.com   

3
 Assistant lecturer of Dams and Water Resources Engineering, Faculty of Engineering at Mosul University, Iraq; 

Mohanad_Alsheer@uomosul.edu.iq 
4
 Dr. Assistant Professor, Civil Engineering Department, Faculty of Engineering at Shoubra, Benha University, 

Egypt; Elzahry@hotmail.com 

 ٍِخض اٌجؾش:

ظب٘شح الاؽزجبط اٌؾشاسٞ . ٠ؼذ رغ١ش إٌّبؿ ِشىٍخ ػب١ٌّخ ِشزشوخ ٠ٚئصش ػٍٝ اٌؼذ٠ذ ِٓ لطبػبد اٌؾ١بح ػٍٝ الأسع

عزئدٞ دسعبد ؽشاسح اٌٙٛاء اٌّشرفؼخ  إٌبعّخ ػٓ أجؼبصبد غبصاد الاؽزجبط اٌؾشاسٞ رزضا٠ذ ٔز١غخ ٌلأٔشطخ اٌجشش٠خ.

رشوض ٌغ١ٍذ. اٌٝ رغ١شاد شذ٠ذح فٟ اٌّؾبط١ً اٌضساػ١خ ٚاٌّٛاسد اٌّبئ١خ ٚاٌزشثخ ٚاٌظشٚف إٌّبخ١خ ٚاعزّشاس رٚثبْ ا

ِؾطخ  ػٕذ اٌىج١شفٟ آصبس رغ١ش إٌّبؿ ػٍٝ دسعبد ؽشاسح اٌٙٛاء فٛق ؽٛع ٔٙش اٌضاة  اٌزؾشٞاٌذساعخ اٌؾب١ٌخ ػٍٝ 

ِٕزظف ٚاٌفزشر١ٓ اٌّغزمج١ٍخ ػٕذ ( 9002-292.و١ٍِٛزش ِشثغ( خلاي اٌفزشح اٌّشطٛدح ) 90002) وٍهل١بط اعىٟ 

ع١ٕبس١٘ٛ٠ٓ الأجؼبس  رؾذ( 9.00-9090اٌؾبدٞ ٚاٌؼشش٠ٓ )( ٚ ٔٙب٠خ اٌمشْ 9090-9009اٌمشْ اٌؾبدٞ ٚاٌؼشش٠ٓ )

ثشٔبِظ  ٛاعطخث RCA4رُ اعزخذاَ ّٔٛرط إٌّبؿ الإل١ٍّٟ . (RCP8.5) اٌّشرفغ( RCP4.5ٚاٌّزٛعؾ )

(CORDEX ٌٍٍٝؾظٛي ػ )ِٕطمخ اٌششق الأٚعؾ ٚشّبي افش٠م١ب  ػٌّّٓزٛعؾ دسعبد ؽشاسح اٌٙٛاء  رٕجئاد

(MENA.) اظٙشد رؾ١ًٍ اٌج١بٔبد.فٟ ٚاٌّغزمج١ٍخ ا١ِٛ١ٌخ ٚاٌشٙش٠خ  اٌّشطٛدحعخ ؽشاسح اٌٙٛاء رُ اػزّبد ِزٛعؾ دس 

خلاي اٌفزشر١ٓ  بٌفزشح اٌّشطٛدح.ث ِمبسٔخدسعبد ؽشاسح اٌٙٛاء خلاي اٌفزشح اٌّزٛلؼخ  فٟ ص٠بدحاؽزّب١ٌخ ؽذٚس إٌزبئظ 

أشبسد داٌخ وضبفخ الاؽزّبي ٠بَ اٌؾبسح ع١ضداد. اٌّغزمج١ٍخ, اٌّؼذي اٌغٕٛٞ ٌؼذد الا٠بَ اٌجبسدح ع١زٕبلض فٟ ؽ١ٓ ػذد الا

(PDF ٓاٌٝ أْ رىشاس الأؽذاس اٌزٟ رض٠ذ ػ ).وبٔذ أوضش ؽذٚص ب ِمبسٔخ ثبٌفزشح  اٌفزشر١ٓ اٌّغزمج١ٍخدسعخ ِئ٠ٛخ خلاي  9

 9.02ٚ  29..١ٌظً اٌٝ  RCP4.5اٌغ١ٕبس٠ٛ رؾذ ع١شرفغ اٌّزٛعؾ اٌغٕٛٞ ٌذسعبد اٌؾشاسح اٌّغزمج١ٍخ  .اٌّشطٛدح

دسعخ ِئ٠ٛخ خلاي  0..0ٚ  0..9ع١ىْٛ ؽٛاٌٟ  RCP8.5اٌغ١ٕبس٠ٛ  ػٕذث١ّٕب  اٌّشطٛدحدسعخ ِئ٠ٛخ ِمبسٔخ ثبٌفزشح 

اْ اسرفبع دسعبد ؽشاسح اٌٙٛاء فٟ ع١ّغ أٔؾبء اٌؾٛع ثغجت رغ١ش  ، ػٍٝ اٌزٛاٌٟ. (اٌمش٠جخ ٚاٌجؼ١ذح)اٌّغزمج١ٍخ  فزشر١ٓ

اٌؾ١بح ثّب فٟ رٌه و١ّخ ٚٔٛػ١خ اٌّٛاسد اٌّبئ١خ ٚاٌمذسح ػٍٝ ؽّب٠خ طؾخ إٌّبؿ ٌٗ آصبس عٍج١خ ػٍٝ اٌؼذ٠ذ ِٓ عٛأت 

 الإٔغبْ ٚاٌؾفبظ ػٍٝ إٌظُ اٌج١ئ١خ.
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Abstract: 

Climate change is a global common problem and affects many sectors of life on earth. Global 

warming phenomena induced by emissions of greenhouse gases which increasing as result the 

human activities. High air temperatures will be caused severe changes in agricultural yields, 

water resources, soil, climatic conditions and the continued melting of glaciers. The current 

study focuses on investigate the impacts of climate change on air temperatures over the 

greater zab river basin at Eski-Kalak gauging station (20435 km
2
) during the observed period 

(1979-2005), mid-21
st
 century (2047-2073) and end-21

st
 century (2074-2100) forecasted 

periods under both emission scenarios the medium (RCP4.5) and the high (RCP8.5). The 

regional climate model RCA4 by using Coordinated Regional Climate Downscaling 

Experiment (CORDEX) program has been employed to acquire the projections of average air 

temperatures within Middle East North Africa (MENA) region. Daily and monthly of 

observed and future average air temperature were adopted to analysis data. The results 

demonstrated increasing in air temperatures will be occur during the predicted period relative 

to the observed period. At future periods, average annually of number of cold days would 

decrease whereas, increasing number of hot days. Probability density function (PDF) indicated 

the frequency of events higher than 12 °C during projection periods were more occurrence 

compared to the observed period. The average annually of future temperatures under scenario 

RCP4.5 would raise to reach by 1.92 and 2.35 °C relative to the observed period while, at 

scenario RCP8.5 will be approximately 2.84 and 4.64 °C during near and distant future 

periods, respectively. Rising air temperatures over all the basin owing to climate change have 

adverse impacts on the many aspects of life including the quantity and quality of water 

resources and the capability to protect human health and preserve ecosystems.   

Keywords: greater zab basin, global warming, air temperatures, bias correction, emission 

scenarios.                       

1. Introduction 
Climate change in these days is a universal challenge and issue of our times. Human impact 

on the weathering process is unequivocal. The greenhouse gases resulting from anthropogenic 

emissions lead to the global warming are the large in date, thus social and natural regimes will 

affected with the climate changes
 
[1]. Latest predictions of Intergovernmental Panel on 

Climate Change IPCC, according to the 2007 Fourth Assessment Report show that the global 

surface temperature is possible to increase by about 1.1 to 6.4 °C during the 21st century. 

Global warming affects on numerous life aspects on Earth, will include negative effect on 

agricultural sector, weather conditions and water resources [2]. Hydrologic system considered 

as integral portion of the universal climate regime. Therefore, the adverse impacts of global 

warming on water resources is mainly on the hydrological cycle by alter the 

evapotranspiration and air temperatures pattern [3].  
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Iraq confronts the climate change in all aspects of life particularly water sector [4]. The 

greater area of Iraq‘s land depends on the Tigris River and its tributaries for its living. The 

Greater Zab River (GZR) is largest Tigris tributary of water yield, its headwaters from Ararat 

Mountains of south-eastern Turkey then passes through the north of Iraq [5]. Risky weather 

events like droughts and variability in river discharge probably occur caused by global 

warming.  

Managing the Risks of Extreme Events and Disasters to Advance Climate Change Adaptation 

report [6] at the global scale , indicate that since mid-20
th

 century occurred the reduction in the 

number of cold days and rise the number of hot days moreover, anthropogenic effects have led 

to warming of extreme daily minimum and maximum temperatures. Climate models predict 

warming in temperature depending on emission scenario and the region, will expected rise 

approximately 1 to 3°C and 2 to 5°C by mid and end current century, respectively. Arab 

climate change assessment report [7] concluded that temperatures will increase over the Arab 

region during current century under the two RCP emission scenarios. Generally, the variation 

in temperature for RCP 4.5 demonstrates a rise of 1.2 °C–1.9 °C towards intermediate future 

period 2046–2065 and 1.5 °C– 2.3 °C at far future period 2081–2100. For scenario RCP 8.5, 

temperatures rise to 1.7 °C–2.6 °C by intermediate future period and 3.2 °C–4.8 °C during far 

future period. Nahlah et al. [3] Applied the Soil and Water Assessment Tool (SWAT) model 

and six climate model from General Circulation Model (GCM) under three emission 

scenarios: low emissions scenario (B1), scenario (A2) very high emissions and (A1B) medium 

emissions scenario. To assess the impact of climate change on Lesser Zab basin, northern Iraq 

for two period (2046-2064) and (2080-2100), results showed that temperature would rise. 

Mohamed M Nour El-Din (2013) [8] conceded study of Nile river basin, general circulation 

models (GCMs) predict the River Basin has become warmer, and the warming will continue 

in all probability. Abdullah Gokhan and Monzur Alam [9] presented a comprehensive review 

to previous studies that related to impact climate change on water resources and its future 

effect in Turkey. Concluded that future streamflow would reduce in Turkish water basins, 

temperature will rise by (2-6) º C and most areas in Turkey (southern, western and Eastern).   

The Present study aims to analyses forecasts of average air temperatures by utilizing regional 

climate model (RCA4) from Coordinated Regional Climate Downscaling Experiment 

(CORDEX) under scenarios of emission greenhouse RCP 4.5 and RCP 8.5. The Middle East 

and North Africa (MENA) region adopted to acquire forecasted long term daily air 

temperature over GZR basin at mid-21
st
 century (2047-2073) and end-21

st
 century (2074-

2100) periods. The daily air temperature for the observed period (1979-2005) were obtained 

from Water and Global Change (WATCH). The daily, monthly and seasonally analysis were 

used to future evaluate of air temperatures over study basin, which would assistance decision 

makers to take procedures to overcome, mitigate and adaptation of water scarcity within the 

basin. 
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2. Study Area Description 
The Grater Zab River (GZR) is the largest Tigris tributary regarding of water income. The 

basin area of GZR is shared between two countries, 65% from it is located in Iraq and 35% in 

Turkey. Its main source in the Ararat Mountains of south-eastern Turkey then passes through 

the north of Iraq [5]. Study area is located geographically in the east Mediterranean zone, 

bound by Iran in the east and Syria in the west figure (1). GZR Basin at Eski-Kalak gauging 

station is covered area 20435 km
2
, bounded by latitude 36º 5ʹ- 38º 17ʹ N, and longitude 43º 7ʹ- 

44º 53ʹ E. The Basin is distinguished with high mountainous, terrain surface generally 

increases in elevation from 240 m to 4000 m a.s.l. figure (2) towards north and northeast [10]. 

The winter season is cool, with average air temperature about 5 ºC to 10 ºC, whereas in 

summer is hot in some days temperatures reach 45 ºC or more [11].  

          

 

 

 

 

 

 

 

Figure 1. The Location of Greater Zab River Basin  

 

 

 

 

 

 

 

 

 

 

Figure 2. Digital Elevation Model (DEM) of GZR basin 
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3. Methodology  

3.1 Data Preparation  

In the present study, the observed data have been obtained from (WFDEI) is WATCH Forcing 

Data methodology applied to ERA-Interim data and exist in Water and Global Change 

(WATCH) website for period (1979-2005) [12]. All WFDEI data files contain grid-cell center 

longitude and latitude with 0.5
o
 x 0.5

o
 resolution and distributed over entire study area. 

Network Common Data Format (NetCDF) is type of all WFDEI files, therefore, Grid Analysis 

and Display System (GrADS) software [13] employed to convert data files to excel format. 

The projections of daily average air temperatures over GZR basin under impact of global 

climate change were gained by utilizing Regional Climate Downscaling (RCD) techniques. 

Coordinated Regional Climate Downscaling Experiment (CORDEX) employed for this aim, 

with two emissions scenarios and concentrations of greenhouse gases (RCP 4.5) and (RCP 

8.5).   

3.2 Regional Climate Model  

The World Climate Research Programme (WCRP) is organization, aims to analysis, simulate 

and future predicts of global system climate change, additionally study of population activities 

impact on future climate system. WCRP instituted at 1980 and existing in Geneva, 

Switzerland [14] . Coordinated Regional Climate Downscaling Experiment (CORDEX) is 

programme under WCRP. CORDEX provides climate information for high-resolution at each 

grid cell with scale 0.44º x 0.44º approximate 50 x 50 kilometers. The statistical downscaling 

uses empirical relations between large-scale characteristics and local cases assuming that these 

relationships remain the same in an altering climate. The dynamical downscaling makes use of 

Regional Climate Models (RCMs) that are set up on a smaller-scale at higher resolution 

compared to the General Circulation Models (GCMs).  

CORDEX is utilized both Regional Climate Models (RCMs) and Empirical Statistical 

Downscaling (ESD) to downscaled local climate data over a domain and driven from a set of 

General Circulation Models through the multi-model is Coupled Model Intercomparison 

Project Phase 5 (CMIP5) [15]. To download CORDEX climate data (forecast and historical 

periods) from Earth System Grid Federation (ESGF) for Greater Zab River basin were utilized 

Li.U NSC-SMHI is one of ESGF-CoG data nodes [16]. Middle East North Africa (MENA) is 

one of CORDEX domains was selected because the study area located within it and the 

Mediterranean cyclones effect it, figure (3). Download daily average surface temperature (tas), 

with two experiments of Representative Concentration Pathways to represent future scenarios 

of emissions and concentrations for greenhouse gases and aerosols. These scenarios are 

depended on a various approach and contain more consistent short-lived gases and land use 

variations [17]. Using the medium radiative scenario reach to 4.5 W/m
2
 (RCP 4.5) assume 

stabilizing of emission after year 2100 and high radiative scenario at value 8.5 W/m
2
 (RCP 

8.5) assume increasing emission scenario after 2100 figure (4). The regional climate model 

that used in this study is (RCA4) developed by Swedish Meteorology and Hydrological 
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Institute (SMHI). RCA4 is the latest version of the Rossby Center Regional Atmospheric 

model and can be employed for any domain worldwide. RCA4 model depend on the 

numerical weather prediction model HIRLAM [18]. Applied the ensemble (r12i1p1) and 

employed the General Circulation Model (GCM) is (ICHEC-EC-EARTH) as a driving model. 

 

 

 

 

 

 

 

 

Figure 3. Middle East North Africa (MENA) Domain [15] 

 

Figure 4.  

 

 

 

Representative Concentration Pathways (RCP) scenarios [17] 

3.3 Bias Correction Approach  

The raw outputs from Regional Climate Models (RCM) still include substantial bias, which is 

inherited from the effect of General Circulation Models (GCMs) or generated via systematic 

model mistake [19]. These biases appear when comparing between observed data and 

historical simulation outputs (hindcasted period) from RCMs. The purpose from bias 

correction is to remove or reducing statistical biases from the forecast datasets [20]. Bias 
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correction approach is necessary in climate impact studies because low calculation request, 

flexibility and the capacity to improve the match between historical data from RCM and 

observations. Bias correction technique is assumed to be stationary with time, its meaning the 

correction algorithm and its parameterization for present climate situations are valid for future 

situations as well [21]. The schematic of bias correction between observation and climate 

model data represent in figure (5). 

 

 

 

 

 

 

Figure 5. A schematic representation of bias correction approach [22] 

For current study, bias correction approach were conducted of average daily air temperature 

data from regional climate model RCA4 by employing equation (1) [23]. Data periods of bias 

correction were the observed, historical climate model (1979-2005) and future climate model 

for two mid- 21
st
 century (2047-2073) and end- 21

st
 century (2074-2100) under two emission 

scenarios RCP4.5 and RCP8.5.  

         ̅     
     

     
          ̅                              (1) 

Where        is projected future daily temperature,  ̅    and  ̅    are average daily 

temperature of observed and historical climate model, respectively,       and       are 

standard deviation of the daily observations and historical model, respectively, and         is 

daily temperature of scenario climate model. 

4. Results and discussions   
In this study, the daily average air temperatures analysis have been conducted for both the 

observed period covered 1979-2005 and the prediction period which divided to two sub 

periods: near future 2047-2073 and distant future 2074-2100 under medium and high emission 

scenarios. Table (1) presents the average annually of number hot and cold days for seven 

categories of temperature between less than -4 °C to more than 30 °C for observed and future 

periods. The results demonstrated that during forecasted periods under both emission 

scenarios will be decrease a number of cold days whereas, increasing a number of hot days 

relative to the observed period. Figures (6) and (7) represent probability density function (pdf) 

of average daily temperature for study periods with medium and high emission scenario, 
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respectively, eighteen bins are considered in generating histograms. In general, during 

prediction periods the frequency of events at temperature higher than 12 °C were more 

occurrence compared with the observed period Conversely for events that less than 12 °C. The 

maximum, mean and minimum daily air temperature during observed period and future 

periods at two emission scenarios over the basin were represented in figures (8), (9) and (10), 

respectively. Table (2) summarized the higher and lower values for maximum, minimum and 

mean daily air temperature for these periods. 

 

Table 1. Average annually of hot and cold days     

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6. 

Probability density function (pdf) of average daily temperature at medium scenario. 
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Figure 7. Probability density function (pdf) of average daily temperature at high scenario. 

The results appeared that Possibility of occurrence extreme values in maximum daily 

temperatures at prediction period moreover, these values will be rise under high emission 

scenario (RCP8.5) more than medium scenario (RCP4.5). During observed period the high 

value of maximum daily temperature was 31.37 °C in 2001 whereas the temperatures are 

expected reach to 32.7 °C in year 2055 and 35.5 °C  in year 2094 under scenario RCP4.5 and 

RCP8.5, respectively. In end-century period at RCP 4.5 and mid-century period at RCP 8.5 

the average daily temperatures were more variability compared other periods. Regarding 

minimum daily temperatures, during observed years the lower value was -12.15 °C in 1983 

while in prediction years at RCP4.5 and RCP8.5 were -7.36 °C in 2096 and -7.42 °C in 2047, 

respectively. Generally, the minimum daily temperatures of future periods will be high 

relative to the observed period. 
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Figure 8. 

Maximum daily temperatures for observed and prediction periods of the basin.  
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Figure 

9. 

Average 

daily 

temperatures for observed and prediction periods of the basin.  

In current study, the analysis of average monthly air temperatures were performed to 

determine the change amounts between observed and predicted periods. Figure (11) shows an 

increasing in average monthly temperature over GZR basin during the mid and end-century 

periods under medium emission scenario relative to the observed period, these values varied 

between the minimum in January and maximum in July as follows: (-0.5, 27.2), (0, 28) and (-

1.94, 25.3) °C, respectively. Furthermore, under high emission scenario the outputs from 

regional climate model showed warmer will be occur over the basin compared the observed 

period. The fluctuations of average monthly temperatures between the lowest in January and 

highest in July about (0, 28.67) and (1.55, 30.65) °C for mid and end century periods, 

respectively figure (12). 
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Analysis of averages seasonally conducted by employing four season are: winter season (DJF) 

includes the months December, January and February, spring season (MAM) represents the 

months March, April and May, summer season (JJA) consists the months Jun, July and 

August and autumn season comprises a month September, October and November. 

 

 

 

 

 

 

 

 

Figure 

10. 

Minimum daily temperatures for observed and prediction periods of the basin. 

Table 2. Higher and lower values for maximum, minimum and average daily temperatures (°C)  

during study periods 
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Figure 11. Change of average monthly temperature over Greater Zab basin at medium scenario. 

 

 

 

 

 

 

 

 

 

Figure 12. Change of average monthly temperature over Greater Zab basin at high scenario. 

Table (3) summarized the average seasonally and annually of air temperatures for study 

periods, during prediction periods the four seasons showed warmer in temperatures relative to 

the observed period. During scenario RCP4.5, the increasing in average annually temperature 

at mid and end-century period reach to 1.92 and 2.35 °C, respectively whereas, for scenario 

RCP8.5 approximately were 2.84 and 4.64 °C for mid and end century periods, respectively. 

At both emission scenarios, the average annually of temperatures bias (°C) for prediction 

periods compared the observed period have been displayed in gridded maps, figure 13. 
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Table 3. Average seasonal of air temperatures at observed and future periods over the basin.  

5. Conclusion   
In current study, the daily, monthly and seasonally data of average air temperatures were 

examined over greater zab river basin for observed period (1979-2005) and two forecasted 

(2047-2073), (2074-2100) periods under medium and high emission scenarios. The results 

from RCA4 regional climate model demonstrated a rising in average air temperatures during 

the prediction periods compared the observed period owing to global warming. For both 

medium and high emission scenarios, decreasing the average annually of number of cold days 

while, increasing the hot days relative to observed period. Possibility of occurrence extreme 

temperatures over the study basin at mid and end future periods approximately 32.71 and 

35.47 °C under RCP4.5 and RCP8.5 scenarios, respectively. The analysis of average monthly 

temperatures indicated that the maximum value was recorded in July month by 25.3 °C for 

observed period but during mid and end century periods was 27.2 and 28 °C under RCP4.5 

scenario, whereas at scenario RCP8.5 was 28.67 and 30.65°C, respectively. Regarding the 

minimum value of average monthly temperatures was in January month about -1.94 at 

observed period but during (2047-2073) and (2074-2100) future periods was -0.5 and 0 °C 

under medium scenario while at high scenario was 0 and 1.55 °C, respectively. The outcomes 

demonstrated high temperature in four seasons DJF, MAM, JJA and SON through the future 

period at both scenarios compared to the observed period. The increasing in average annually 

temperature under scenario RCP4.5 would reach to 1.92 and 2.35 °C relative to the observed 

period whereas, at scenario RCP8.5 will be approximately 2.84 and 4.64 °C during near and 

distant future periods, respectively. High temperature will be negative effect on water 

resources and water availability moreover, reduced plant growth and productivity. 

Consequently, some strategies must be adopted to mitigate the impact of global warming over 

the greater zab river basin in future.  
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Figure 13. Spatial distribution of average annually of temperatures bias (°C) for future periods under 

both scenarios   
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