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Abstract  

    The United Nations classified Iraq as one of the most vulnerable countries to 

climate change.  Temperatures continue to rise leading to more heat waves, droughts, 

sandstorms, and desertification. This study aims to investigate the characteristics of 

heat waves over Iraq from 1982 to 2050 using CMIP6 model at RCP4.5 scenarios. 

The results clearly showed that the effects of climatic changes were evident in the 

maximum and minimum temperatures inside Iraq. Average temperature increased of 

1.9°C between 1982 and 2020.  During 1999, there was a sharp increase in summer 

days for all stations. The annual number of summer days for the stations (Basra, 

Nasiriyah, Baghdad, Rutba, Sulaymaniyah, and Mosul) was (195, 193, 177, 108, 

106, and 142), while in 2039 the number of summer days was found to be (212, 206, 

194, 143, 144, and 149), respectively. The increase in the number of discrete heat 

wave events began in 2020 and will continue until 2050 for almost the entire 

territory of Iraq. The warmest day in Basra was in July 2016 with 53.2°C, while the 

projection of the warmest day was found in July 2046 with 55.7°C. The coldest daily 

temperature reached -5.03 °C for Baghdad in 1997 and -10.1°C for Sulaymaniyah in 

1985, while the projection of the coldest day was -16.2°C over Sulaymaniyah in 

2039. The trend of the number of days contributing to cold wave events was 

decreasing for all stations whereas the coldest year for all stations was 1992 for the 

entire period (1982 to 2020). Heat waves accelerated from the beginning of the 

study period in 1982 and continued to increase until the end of the study in 2050 in 

Iraq.  
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 ، مركز كركوك، العراق الكلية التربوية المفتوحة 2
 دولة الكويت  المدني، المديرية العامة للطيران   الجوية،إدارة الأرصاد   المناخ،مشرف علم 3

 ، مصر جامعة القاهرة ،كلية العلوم ، الجوية  والأرصاد قسم علوم الفضاء 4

 ، العراق رفة، جامعة كركوك، كركوككلية التربية للعلوم الص 5
  الخلاصة 

عرضة للتغيرات المناخية. تستمر درجات الحرارة    لدان المتحدة العراق على أنه أحد أكثر البصنفت الأمم        
إلى   الدراسة  تهدف هذه  والتصحر.  الرملية  والعواصف  والجفاف  الحر  موجات  من  المزيد  وتشهد  الارتفاع  في 

  CMIP6باستخدام نموذج    2050إلى عام    1982التعرف على خصائص موجات الحر في العراق من عام  
. أظهرت النتائج بما لا يدع مجالا للشك أن تأثير التغيرات المناخية كانت  RCP4.5بتطبيق سيناريو الانبعاث  

الحرارة العظمى والصغرى في المناطق الارتفاع في  تسارع  ي الست قيد الدراسة.    العراقية  واضحة على درجات 
  2050الدراسة عام    فترة  وتستمر في الزيادة حتى نهاية   1982موجات الحر من بداية فترة الدراسة عام  عدد  

درجة مئوية خلال    35درجة الحرارة العظمي عن    فيها   تزيد   التي ارتفاع حاد في عدد أيام الصيف    في العراق.
)   1999عام   ،  193،  195)   حيث سجلت   الموصل(   السليمانية،   الرطبة،  بغداد،   الناصرية،  البصرة، لكل من 
  ،194  ، 206  ، 212)   الي  عدد أيام الصيف  وصل  2039بينما في عام    (، يومًا  142و  ، 106،  108،  177
  ( على التوالي.يوما  149 ، 144 ، 143

 
1. Introduction 

    The distinguished geographical location of Iraq, which places it at the center of the eastern 

Mediterranean region, bound by Turkey in the north, Iran in the east, Syria and Jordan in the 

west, while overlooking the Arabian Desert and the Arabian Gulf in the south. Iraq, like the 

rest of the Middle East, faces the most important challenges posed by climate change, such as 

extreme heat waves, increased sandstorms, and the resulting environmental disasters.  The 

findings of [1] showed a high correlation between climatic data and urban expansion, with 

urbanization rates rising to (85%) mainly over the 2001–2021 cycle and influencing all 

climatic aspects. Climatic changes, such as increasing temperatures and increasing salinity 

and scarcity of water, will likely have serious effects on Iraq in the next few years [2-5].   The 

influence of global climate change is confirmed by the annual precipitation for the Karbala 

station-reflect declination, which decreased from 105 mm between 1982 and 1990 to about 71 

mm between 2011 and 2015 [ 6]. In 2019, the United Nations ranked Iraq as the fifth most 

vulnerable country to climate change in the world. In 2013, the Intergovernmental Program 

on Climate Change (IPCC) announced that the Middle East would undergo a considerable 

increase in temperature until the end of this century [7]. The Iraqi government reported in its 

special report on climate change that the loss of 250 km2 of agricultural area each year due to 

the expansion of sand dunes represents serious problems in Iraq [8]. The outcomes of [9] 

indicate that only 73% of Iraq's land area was covered by arid regions at the end of the 1980s, 

78% of Iraq's land area was covered by arid regions in the 1990s, and 88% of Iraq's land area 

was covered by arid regions in the first decade of the 2000s. Research carried out by [10] 

indicated that, apart from the highland’s regions of the north and northeast, most of the Iraqi 

land areas witness a climate that is either arid or semi-arid desert. According to [11] analysis, 

the local climate in Baghdad City suffers as a result of poorly planned land use. NASA 

reported that, the years 2020 and 2016 were tied as the warmest since temperature records 

began. Climate projection at different pathway scenarios indicated that arid and semi-arid 

desert regions are possible to expand in area simultaneously with rising temperatures [12-14]. 

Recently, more research is needed in order to determine the way climate changes in the 

Middle East [15]. [16] examines urban expansion using remote sensing data over Baghdad, 

the study establishes a direct relationship between increasing urbanization, relative humidity 

rates, the growth of building areas, and rates of temperature rise in such locations. Heat waves 
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and hot spells are most commonly linked with global climate change [17]. The number of 

consecutive hot days required to account for a wave may vary in different regions: as an 

example, [18] that was specialized in Australia, defined a heat wave as an event of a 

minimum of three successive days above threshold, while [19, 20] defined a European heat 

wave as an event of a minimum of 6 days duration. The main objective of this research paper 

is to investigate heat wave indices and characteristics over Iraq. For such purposes, daily 

maximum and minimum temperatures data was collected from seven main Iraqi cities.   

 

2. Material and Methods 

2.1 Study Domain  

   The Republic of Iraq is a country that lies in southwestern Asia and sited between latitude 

(29.00°-37.22°N) and longitude (38.45°-48.30°E), approximately 438,317 square kilometers. 

Iraq has a hot, dry climate characterized by long, hot, dry summers with variations between 

hot and extremely hot temperatures and short, cool winters, as shown in Table 1 and the 

illustrative map in Figure 1, which gives the spatial distribution of the selected meteorological 

stations. In the north-eastern part of Iraq Kurdistan, Sulaymaniyah’s (cold and rainy winters, 

while summers are hot and dry) average temperature ranges from 5.5 °C in January to 32 °C 

in July. In Mosul, located in the northernmost part of the country, the average temperature in 

January is 8 °C and can sometimes drop a few degrees below freezing, with daytime 

temperatures of 43 °C in July and August. In Rutba, located in the west of the country, the 

average is between 9 °C in January and 32.5 °C in July. In the central part, in the Iraqi 

capital, Baghdad, the average temperature ranges from 11 °C in January to 36.5 °C in July. 

Further south, in Basra and Nasiriyah, the average in January is 13 °C. Southern Iraq is 

considered one of the regions with a noticeable rise in summer temperatures worldwide. 

 

Table 1: List of the selected meteorological stations 

Station Name WMO Code Latitude/Longitude 

Basra 406890 30.53°, 47.81° 

Nasiriyah 406760 31.23°, 46.41° 

Baghdad 406500 33.33°, 44.30° 

Rutba 406420 33.33°, 40.08° 

Sulaymaniyah 406230 35.44°, 45.00° 

Mosul 406080 36.14°, 43.59° 
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Figure 1: Location of the study areas 

 

2.2 Observational and Model Data 

   The set of observational climatic meteorological data applied in this study consists of 

maximum and minimum temperatures for the period 1982-2020, obtained from six stations 

mainly located in Iraq (Basra, Nasiriyah, Baghdad, Rutba Sulaymaniyah, and Mosul). The 

climatic data used was obtained from the National Center for Environment Information 

(NOAA). Projection data of extreme temperature indices (2020-2050) was done by using the 

EC-Earth3-CC CMIP6 global climate model with scenarios SSP2-4.5. In 1995, under the 

auspices of the World Climate Research Programme (WCRP), the Coupled Model 

Intercomparison Project (CMIP) began, which is now in its sixth phase (CMIP6). CMIP6 

compares independent models, collects, organizes, and distributes output with high accuracy. 

The CMIP6 dataset has a spatial resolution of 0.1°x 0.1° (11 km x 11 km), which is 

considered the highest resolution available for climate change projections based on the Shared 

Socio-economic Pathway (SSP) scenarios. The results of climate scenarios from CMIP6 were 

used in the latest Intergovernmental Panel on Climate Change (IPCC) Assessment Report 

(AR6). Heat waves were drawn and analyzed using ClimPACT2 (R software package), which 

was made possible by the WMO Commission for Climatology (CCl- OPACE 4).  

 

3. Results and Discussion 

3.1 Trend of Temperature 

   Temperature and precipitation are the main indicators of climate changes on the Earth's 

surface, so they are subject to many analyses and studies to better and more accurately 

understand climate change. The climate of Iraq is classified as semi-desert and mountainous. 

Temperature increases will affect the potential for longer and more intense droughts and dust 

storms. Generally, the trend is the increase in temperature with the progression of time 

throughout the study period, which extends from 1982 to 2050. It is noticeable that, as seen in 

Figure 2, the rise in the southern cities is more than in the northern cities. The climatic 
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changes in Iraq seem clear from the change in the trend of temperatures towards the 

continuous and accelerating increase. 

 

 
 

Figure 2: Temperature trends in six selected stations over Iraq during 1982-2050. 

 

3.2. Heat Waves 

3.2.1. Heat Wave Aspects  

     The temperature must be above the annual average in order to be considered a heat wave. 

The period of at least three consecutive days in which maximum temperatures exceed the heat 

wave temperature threshold. The World Meteorological Organization had a role in defining 

heat waves to include all regions of the world [21]. Heat wave indices were applied in this 

study to investigate the extreme temperatures, which are summer days, Heat Wave number, 

warmest days, annual coldest days, mean difference between daily maximum temperature and 

daily minimum temperature, annual percentage of hot days, and cold wave frequency. The 

definition of heat waves depends on two criteria: (1) the 90th percentile of the minimum daily 

temperature, and (2) the 90th percentile of the maximum daily temperature. If any of the 

previous two criteria exceeded three consecutive days, we would consider this time period a 
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short heat or cold wave, and for 6 or more consecutive days, a long heat or cold wave. This 

definition was used in our study. A more detailed definition was given by [22, 23]. As a 

variety of definitions are used for these events, it is difficult to compare heat wave studies 

[24-26]. 

 

3.2.2. Summer Days: Annual number of summer days when TX > 35 °C 

   There is an increase in the trend of summer days along the period from 1982 to 2050 for all 

stations, especially in 1999 and 2039, which have a sharp increase in the summer days. 

During 1999, the annual number of summer days for (Basra, Nasiriyah, Baghdad, Rutba, 

Sulaymaniyah, and Mosul) was (195, 193, 177, 108, 106, and 142 days), while in 2039, the 

number of summer days was found to be (212, 206, 194, 143, 144, and 149 days), 

respectively, as seen in Figure 3.   

 

 

 
Figure 3: Annual number of summer days when TX > 35 °C over the study areas. 

3.2.3. Heat Wave Number (HWN) 
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   It is defined as the number of discrete heat wave events. Figure 4 demonstrates the number 

of heat waves, which was determined as the 90th percentile of daily highs. The average 

number of events was less than 3 per year from 1982 to 2020, while after 2020 the number 

continued to rise between 7 to 12 events. The highest HWN values were found in 

Sulaymaniyah, which reached 12 events. The increase in the number of discrete heat wave 

events begins in 2020 and continues until 2050 for almost the entire territory of Iraq. The heat 

wave amplitude, which is defined as the maximum temperature of the hottest day of the 

hottest yearly event, for (Basra, Nasiriyah, Baghdad, Rutba, Sulaymaniyah, and Mosul), was 

found (55.7°C, 55.1°C, 54.7°C, 48.1°C, 49.0°C, and 50.3°C), respectively. 

 

 

 
Figure 4: Annual number of heat waves over the study areas. 

 

3.2.4. The Warmest Daily Temperatures  

   The trend of the warmest day for every year is increasing with the time progress in all 

stations. The warmest day in Basra was in July 2016 with 53.2°C, while the projection of the 

warmest day was in July 2046 with 55.7°C, as seen in Figure 5. In the city of Basra, the high 

temperature meets the high relative humidity, thus reducing the thermal comfort of the 

residents of that area. 
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Figure 5: Temperature of the warmest days for every year over six selected cities in Iraq from 

1982 to 2050. 

 

3.2.5. Annual Coldest Daily Temperatures 

       As shown in Figure 6, the general trend of the coldest daily temperatures for every year is 

a nearly decreasing temperature over Baghdad, Sulaymaniyah, and Rutba, while there is a 

small increase with stability in the coldest daily temperatures in the rest of the study stations. 

The coldest daily temperatures reached -5.03 °C over Baghdad in 1997 and -10.1°C over 

Sulaymaniyah in 1985. The projected coldest day was found -16.2°C over Sulaymaniyah in 

2039.  
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Figure 6: The annual coldest daily temperatures over six selected cities in Iraq from 1982 to 

2050. 

 

3.2.6 Mean Difference between Daily TX and Daily TN 

   The trend of the mean annual difference between daily TX and daily TN is sharply 

decreasing for Baghdad, Nasiriya, and Rutba stations, as shown in Figure 7. It is a decreasing 

in Basra and Mosul stations, but it is nearly steady in Sulaymaniyah station. In general, we 

can conclude that the maximum and minimum temperatures are close to each other in the 

daily temperature range, which is one of the “fingerprints” of human-caused global warming. 
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Figure -7 Mean difference between daily TX and daily TN over six selected cities in Iraq 

from 1982 to 2050. 

 

3.2.7 Annual Percentage of Hot Days when TX > 90th Percentile 

   There is an increasing trend of annual percentile of hot days for all stations, which represent 

the base of computing heat wave numbers. The maximum percentile of hot days recorded in 

2010 was (17.5, 20.9, 21.5, 28.0, 15.5, and 22.5) percentile for (Basra, Nasiriyah, Baghdad, 

Rutba, Sulaymaniyah, and Mosul), respectively, as seen in Figure 8. 
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Figure -8 Annual Percentage of hot days when TX > 90th percentile over six selected cities in 

Iraq from 1982 to 2050. 

 

3.2.8 Cold Wave Frequency 

   The trend in the number of days contributing to cold wave events is decreasing for all 

stations. The highest number of cold wave event was recorded in 1992 as (41, 40, 52, 53, 76, 

and 63) days for (Basra, Nasiriyah, Baghdad, Rutba, Sulaymaniyah, and Mosul), respectively, 

as illustrated in Figure 9. So, we can conclude that the coldest year for all stations was 1992 

for the entire period (1982 to 2020). The projection of cold wave frequency under the SSP2-

4.5 scenario found that the highest number of days contributing to cold wave events were in 

the year 2035 for all stations.  
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Figure 9: Cold wave frequency over six selected cities in Iraq from 1982 to 2050. 

 

       A significant decrease in frequent future cold extremes was observed during the last 

decades over Europe [27, 28]. The phenomenon of climate change creates real threats to the 

people of the Middle East and North Africa regions; as the regions are most vulnerable to 

being affected by the catastrophic results of global warming. Most of their countries are 

distinguished by a hot desert climate, and increased humidity levels due to their location on 

the coasts of the Gulf, the Mediterranean and the Arabian Sea.  

 

     This study warns that temperatures may exceed 55 degrees Celsius by the middle of this 

century, which will make life in the region "impossible". As the use of air conditioners is 

common, residents tend to avoid going out to the streets during the day, and families wait for 

the evening to go out to public parks during the summer. This forced Qatar to introduce laws 

prohibiting work in open spaces, starting from the month of June until the end of August, 

between eleven-thirty in the morning and three in the afternoon. 

 

       Studies have confirmed that the Middle East region is among the regions where crime is 

directly affected by the weather [29]. December is the month of the year in which crimes 
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against property are committed, while August is the highest rate of violence. The rise in 

temperature during the summer increases the vitality of the body and its temperament, which 

makes it more susceptible to excitement, tension and impulsivity, with its weak ability to 

control its actions, and facilitates its rush to commit violent crimes [30]. 

  

4. Conclusions 

     In recent years, Iraq has been severely affected by climate change, with more and more 

regular heat waves above 50°C.  Iraq was ranked among the eleven most vulnerable countries 

in the world to the possible impacts of climate change. This will result in higher temperatures, 

more droughts, less rain, and more sandstorms. The results of the study clearly showed the 

impact of climate change over Iraq. The hottest day of the hottest yearly event for (Basra, 

Nasiriyah, Baghdad, Rutba, Sulaymaniyah, and Mosul) was found to be (55.7°C, 55.1°C, 

54.7°C, 48.1°C, 49.0°C, and 50.3°C), respectively. The trend of the mean annual difference 

between daily TX and daily TN is sharply decreasing for Baghdad, Nasiriya, and Rutba 

stations, which is one of the “fingerprints” of human-induced global warming. The highest 

number of cold wave events was recorded in 1992 as (41, 40, 52, 53, 76, and 63) days for 

(Basra, Nasiriyah, Baghdad, Rutba Sulaymaniyah, and Mosul), respectively. So, we can 

conclude that the coldest year for all stations was 1992 for the entire period (1982 to 2020). 

Heat waves are more dangerous when combined with high humidity, as is the case in Basra, 

bordering the Arabian Gulf. It is very difficult to mitigate the previous causes; however, their 

effects can be reduced with urgent action by the government and raising people's awareness.  
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