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सार — जलवायु पिरवतर्न का िविभÛ न के्षत्रɉ मɅ नकारा× मक प्रभाव पड़ता है। सामाÛ यत: चरम घटनाओं के गुणɉ मɅ 

आँकड़ɉ की मह× वपूणर् भूिमका होती है। िपछले 36 वषɟ की अविध मɅ (1981-2017) मह× वपूणर् प्रविृ× तयɉ और चरम 
तापमान संकेतɉ के पिरमाण की प्रविृ× तयɉ का पता लगाने के िलए इराक मɅ 36 मौसम è टेशनɉ के  दैिनक Û यूनतम और 
दैिनक अिधकतम तापमानɉ के आँकड़ɉ का िवæ लेषण िकया गया। संकेतɉ की गणना के िलए आर िक् लम डके् स का 
उपयोग िकया गया तथा प्रविृ× त िवæ लेषण के िलए सरल समाĮयण िविध का उपयोग िकया गया। पिरणाम दशार्ते हɇ िक 
सभी è टेशनɉ पर अिधकतम तापमान (TXx) के अिधकतम मानɉ, वािषर्क औसत तथा Û यूनतम तापमान TNx के 
अिधकतम मानɉ के वािषर्क औसत मɅ मह× वपूणर् पिरवतर्न िदखाई िदए। वािषर्क दैिनक तापमान के क्षेत्र मɅ लगभग 
81.6% è टेशनɉ मɅ कम होने की प्रविृ× त रही जबिक 18.4% मɅ विृद्ध की प्रविृत रही। TXn सूचकांक सभी è टेशनɉ के 
िलए 78.9% मɅ कम होने की प्रविृ× त दशार्ताहै जबिक 5.3% मɅ कोई पिरवतर्न नहीं हुआ और 15.8% मɅ विृद्ध की 
प्रविृ× त रही। इसके िवपरीत सभी è टेशनɉ पर TNn सूचकांक 63.2% मɅ कम होने की प्रविृ× त और 31.6% मɅ विृद्धकी 
प्रविृ× त रही। चरम तापमान के िवæ लेषण से अिधकांशè टेशनɉ पर मह× वपूणर् विृद्ध देखी गई िजससे यह भी पता चलता है 
िक देश मɅ गमीर् की प्रविृ× त देखी गई। 

 
ABSTRACT. Climate change has negative impacts on different sectors. Generally, data display significant changes 

in the properties of extreme events. Daily minimum and maximum temperatures data for 36 meteorological stations of Iraq 
(1981-2017) were analysed to detect the significant trend and the magnitude trend extreme temperature indices over the 
36-year period. RClimDex was used to compute indices and simple regression method was used for trend analysis. The 
results show that all stations displayed a significant increase in the annual average of maximum value of maximum 
temperature TXx and the annual average of maximum value of minimum temperature TNx. For the annual diurnal 
temperature range, about 81.6% of stations have a decreasing trend, while 18.4% have an increasing trend. The TXn 
index shows 78.9 has a decreasing trend for all stations except 5.3% have no change and 15.8% have an increasing trend. 
In contrast, the represent of TNn index demonstrate a decreasing trend for 63.2% of stations and 31.6% have an 
increasing trend fall all stations. Analysis of temperature extremes revealed a significant increase in most stations, which 
also shows that the country has seen a trend of warming. 

 
Key words – Extreme temperature, RclimDex, Climate change, Iraq. 

 

 

1.  Introduction 
 

Climate change it is a fact. Temperature is the most 
important factor in climate change and extreme 
temperatures affect our lives more than others. Many 
studies have revealed warming trends at temperature in 
the world, but the value of changes are not constant (Jones 
and Moberg, 2003; Abbasnia, et al., 2016).  Global mean 
of temperature has an increased 0.85 °C over the last 
century (IPCC, 2013). According to the Intergovernmental 
Panel on Climate Change (IPCC, 2007) climate change 
will affect agriculture, increase the risk of hunger; water 
scarcity and will lead to rapid melting of glaciers in future. 

 
 Recent studies of world climate have shown that 
important changes in temperature happened during the last 

century. These studies denote that the minimum intensity 
of extreme temperature has decreased trend (IPCC, 2007). 
Also the value of maximum temperatures has increased 
trend (Mohammad et al., 2018). The temperatures indices 
employed in various studies are arranged by the 
Commission for Climatology (CCL), World 
Meteorological Organization (WMO) and the Expert 
Team on Climate Change Detection and Indices 
(ETCCDI) who helped several workshops in the                
globe. Many studies have studied extreme                
temperatures and found significant trends in temperature 
indices (Frich et al., 2002). Annual trends have             
increased for the maximum and minimum temperatures            
in Iraq and middle east. Over an increasing trend has                
been found in extreme temperature indicators over the last 
100 years, with a stronger trend in the past three               
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TABLE 1 
 

Annual linear trends of the extreme temperature indices  
in Iraq during the period 1981-2017 

 

Stations  TXx TXn TNx TNn DTR 

Emadiyah 0.041 -0.004 0.053 0.01 -0.004 

salahaddin 0.04 0.015 0.059 0.007 -0.008 

Sulaymaniyah 0.03 0 0.045 -0.005 -0.016 

Sinjar 0.045 -0.018 0.044 -0.003 0.003 

Duhook 0.047 0.019 0.052 0.013 -0.004 

Zakho 0.05 -0.006 0.05 -0.009 -0.004 

Arbil 0.04 0.015 0.059 0.007 -0.008 

Rabiah 0.051 -0.008 0.044 0 0.001 

Teleafer 0.048 0 0.04 -0.001 0.002 

Kirkuk 0.037 -0.007 0.04 0.011 -0.007 

Nukheb 0.036 -0.001 0.043 0.017 -0.003 

Dukan 0.034 0.016 0.053 0.009 -0.013 

Mosul 0.052 0.02 0.046 0.016 -0.002 

Tuz 0.033 -0.037 0.039 0.003 -0.011 

Khanqin 0.033 -0.08 0.038 -0.023 -0.01 

Qaim 0.06 -0.013 0.048 -0.015 0.005 

Anah 0.05 -0.019 0.052 -0.008 0.004 

Makhmoor 0.048 -0.002 0.047 0.017 -0.001 

Biji 0.03 -0.031 0.031 -0.013 -0.004 

Hadithah 0.036 0.002 0.038 0 -0.001 

Tikrit 0.028 -0.018 0.033 0.004 -0.006 

Samaraa 0.03 -0.031 0.031 -0.013 -0.004 

Heet 0.044 -0.022 0.031 -0.009 -0.001 

Ramadi 0.037 -0.035 0.023 -0.023 -0.003 

Khahlis 0.032 -0.069 0.028 -0.018 -0.006 

Baghdad 0.029 -0.042 0.02 -0.02 -0.007 

Kut 0.028 -0.065 0.025 -0.034 -0.007 

Hai 0.026 -0.065 0.036 -0.039 -0.008 

Amara 0.028 -0.061 0.052 -0.042 -0.009 

Basrah 0.03 -0.04 0.052 -0.04 -0.003 

Rutba 0.067 -0.034 0.063 0.018 0.003 

Najaf 0.033 -0.031 0.025 -0.025 -0.008 

Kerbela 0.029 -0.048 0.025 -0.024 -0.007 

Hella 0.031 -0.035 0.025 -0.025 -0.008 

Diwaniya 0.037 -0.035 0.03 -0.03 -0.007 

Samawa 0.04 -0.051 0.035 -0.035 -0.006 

Nasiriya 0.033 -0.047 0.047 -0.04 -0.006 

Fao 0.04 -0.036 0.058 -0.037 0.01 

Countery 0.038 -0.024 0.041 -0.012 -0.0043

TABLE 2 
 

Percentage of annual trends of the extreme temperature indices                
in Iraq during the period 1981-2017 

 

Index Trend Positive No change Negative 

DTR Decrease 15.4 0.0 84.6 

TXx Increase 100.0 0.0 0.0 

TXn Decrease 15.8 5.3 78.9 

TNx Increase 100.0 0.0 0.0 

TNn Decrease 31.6 5.2 63.2 

 

 
 

where, Txkj is the daily maximum temperature in 
month (year) k, period j. 

 
The monthly (annual) the minimum value of 

minimum temperature (TNn)  is given by: 
     

TN nkj = min (Tnkj)                                               (4) 
 
where, Tnkj T is the daily minimum temperature in 

month (year) k, period j 
 
Linear trends of each index at each weather                 

station are computed using linear least square                   
method. This method is a procedure to determine                      
the best fit line to the data. In this study, linear                   
trends with p-value less than 0.10 are considered 
statistically significant. 

 
4. Results and discussion 

 
 RClimDex relies on the statistical computing 
environment (R) and provides an easy-to-use interface for 
calculating extreme climate indicators to monitor and 
detect climate change. ClimDex calculates all indicators 
recommended by CCl / CLIVAR. In this study, five 
temperature indicators were investigated: the maximum 
value of maximum temperature TXx, the minimum                  
value of maximum temperature TXn, the maximum                  
value of minimum temperature TNx and the         
minimum value of minimum temperature TNn and 
Diurnal temperature range DTR. The magnitude of            
slope have been used to analyze climate variability in                        
Iraq for 38 years. This analysis revealed mainly positive 
trends in TXx and TNx indicators and negative                        
trends in TNn, TXn and DTR indicators. The                 
temporal distribution of the extreme temperature                
indices was studied for Iraq. Baghdad station has                 
been chosen to represent the study area. Fig. 2 shows the 
annual liner trend of extreme temperature indices for 
Baghdad  station. It  can be seen that there is a significant
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DTR has a decreasing trend at 32 stations and an 
increase in six stations in the west region of Iraq (Fig. 5). 
 

The Percentage of annual trends of the extreme 
temperature indices over Iraq are presented in Table 2. 
The trends of TXN, TNN and DTR has a negative value 
(decreasing), while the trends of TXx and TNX has a 
positive value (increasing). 

 
The warmest day (TXx), warmest night (TNx), 

diurnal temperature range (DTR), coldest night (TNn) and 
coldest day (TXn) all display trends consistent with 
warming.  
 
 Fig. 6 shows the inter-annual variability of the 
nationally averaged time serices for TNn, TNx, TXx, TXn 
and DTR indices. The TNx and TXx indices have an 
increasing trend over Iraq for the period 1981-2017.  The 
annual mean of TNx index trend is that of 0.0411 °C/36 
years. This trend corresponds to an increase of 1.48 °C in 
the total period analyzed of mean TNn index. Annual 
mean TXx trend was a little less 0.0385 °C/36 years.     
The TXx increase corresponding to the total period was 
1.38 °C of TXx index. In contrast, the annual mean of 
TNn and TXn indices have a decreasing trend in Iraq. The 
annual mean of TXn index trend is that of                           
-0.0238 °C/36years. This trend corresponds to a decrease 
of 0.0.85 °C in the total period analyzed of mean TXn 
index. Annual mean TNn trend was a little less               
0.0105 °C/36 years. The TNn increase corresponding to 
the total period was 0.38 °C of TNn index. Also, the 
difference between daily maximum and minimum 
temperature DTR in °C was analyzed, the annual mean 
DTR index has a declining trend in Iraq it was                 
0.0043 °C/36 years. This trend corresponds to a               
decrease of 0.15° in the total period analyzed (1981-2017) 
of DTR index. 
 
5. Conclusions 
 

The change of extremes temperature associated with 
climate change has been increasing at most of the stations 
during the study period (1981-2017). The nationally 
annual index of the maximum value of maximum 
temperature TXx and the maximum value of minimum 
temperature TNx revealed showed an increasing trend at 
100% of the stations. For other three indices TXn, TNn 
and DTR decreasing trends have been detected in                     
most area. The annual mean of TNx index trend was 
0.0411 °C/years. This trend corresponds to an increase of 
1.48 °C.  Annual mean TXx trend was a little less 1.38 °C. 
The annual mean of TXn index trend is that of                   
-0.0238 °C/years. This trend corresponds to a decrease of 
0.85 °C in the total period analyzed of mean TXn index. 
Annual mean TNn trend was a little less 0.0105 °C/years. 

The TNn increase corresponding to the total period was 
0.38 °C of TNn index. Annual mean DTR index has a 
decreasing trend in Iraq 0.0043 °C/years. This trend 
corresponds to a decrease of 0.15 °C for DTR index.  

 
Acknowledgements 
 

The contents and views expressed in this research 
paper are the views of the authors and do not necessarily 
reflect the views of the organizations they belong to. 

 

References 

Abbasnia, M., Tavousi, T. and Khosravi, M., 2016, “Assessment of 
future changes in the maximum temperature at selected stations 
in Iran based on HADCM3 and CGCM3 models”, Asia-Pacific, 
Journal of Atmospheric Sciences, 52, 4, 371-377, 
DOI:10.1007/s13143-016-0006-z. 

Alexander, L., Zhang, X., Peterson, T. C., Caesar J., Gleason, B., Klein, 
A. M. G., Haylock, M., Stephenson, D., Burn Aguilar, J. E., 
Brunet, M., Taylor, M., New, M., Zhai, P., Rusticucci, M. and 
Azquez-Aguirre, J. L., 2006, “Global Observed Changes in 
Daily Climate Extremes of Temperature and Precipitation”, 
Journal of Geophysical Research, 111, D05109. DOI:10.1029/ 
2005jd006290. 

 Al-Timimi, Y. K. and Al-Jiboori M. H., 2013, “Assessment of spatial 
and temporal drought in Iraq during the period 1980-2010”, 
Journal of Energy and Environment, 4, 2, 219-302. 

Al-Timimi, Y. K. and Al-Khudhairy, A., 2017, “Analysis of Minimum 
temperature spatially and temporally over Iraq During the 
period 1980-2015”, Journal of Applied and Advanced Research, 
2, 5, 309-316. DOI: 10.21839/jaar. 2017.v2i5.109. 

Al-Khudhairy, A. and Al-Timimi, Y. K., 2017, “Spatial and Temporal 
Analysis of Maximum Temperature over Iraq”, Al-
Mustansiriyah Journal of Science, 29, 1, 1-8, DOI: 
http://doi.org/10.23851/mjs.v29i1.257.  

Al-Timimi, Y. K. and Al-Khudhairy, A., 2018, “Spatial and Temporal 
Temperature trends on Iraq during 1980-2015”, Journal of 
Physics: Conference Series, Ibn Al-haitham first international 
scientific conference 13-14 December, 2017, Baghdad, Iraq, 
, 1003,1-12.Doi :10.1088/1742-6596/1003/1/012091. 

Brunetti, M., Maugeri, M., Monti, F. and Nanni, T., 2006, “Temperature 
and precipitation variability in Italy in the last two centuries 
from homogenized instrumental time series”, International 
Journal of Climatology, 26, 345-381. Doi:org/10.1002/joc.1251. 

Easterling, D. R., Evans, J. L., Groisman, P. Y., Karl, T. R., Kunkel, K. 
E. and Ambenje, P., 2000, “Observed variability and trends in 
extreme climate events”, Bulletin of American Meteorological 
Society, 81, 417-425. 

Frich, P., Alexander, L., Della-Marta, P., Gleason, B. Haylock, M., Klein 
Tank, A. M. G. and Peterson, T. C., 2002, “Observed Coherent 
Changes in Climatic Extremes during the Second Half of the 
Twentieth Century”, Climate Research, 19, 193-212.            

Haylock, R., M. R.  and Petersonb, T. C., 2006, “Trends in total and 
extreme South American rainfall 1960-2000 and links with sea 
surface temperature”, Journal of Climate, 19, 490-1512. 

IPCC  (Intergovernmental Panel on Climate Change), 2013, “Climate 
Change: The Pysical Science Basis. The contribution of Work 
Group I to the Fifih Assessment" Report of the Iner-
govemmenal panel on Climate Change. Cambridge university 
press, p1550. 



 
 
430                          MAUSAM, 71, 3 (July 2020) 

 

IPCC (Intergovernmental Panel on Climate Change), 2001, “Climate 
Change  Impacts, Adaptation and Vulnerability”, Contribution 
of Working Group II to the Third Assessment Report of the 
Intergovernmental Panel on Climate Change. Cambridge 
University Press 2001. 

IPCC (Intergovernmental Panel on Climate Change), 2007, “The 
Physical Science Basis”, Edited by: Solomon, S., Qin, D., 
Manning M., Chen, Z., Marquis, M., Averyt, K. B., Tignor, M. 
and Miller H. L. UK: Cambridge University Press.   

Jones, P. D. and Moberg, A., 2003, “Hemispheric and large-scale surface 
air temperature variations: An extensive revision and an update 
to 2001”, Journal of Climate, 16, 2, 206-223. 

doi.org/10.1175/1520-0442 (2003) 016%3C0206 : HALSSA% 
3E2.0.CO;2. 

Mohammad, R., Nooshin, M., Ameneh, R. and Kirien, W., 2018, 
“Trends in Indices of Extreme Temperature and Precipitation in 
Iran over the Period 1960-2014”, Open Journal of Ecology, 8, 
396-415. DOI: 10.4236/oje.2018.87024. 

Toreti, A. and Desiao, F., 2008, “Changes in temperature extremes over 
Italy in the last 44 years”, International Journal of Climatology, 
28, 733-745, DOI: 10.1002/joc.1576. 

Zhang, X. and Yang, F., 2009, World Wide Web “RClimDex  (1.0)  User  
Manual”, http://etccdi.pacificclimate.org/RClimDex/RClimDex 
UserManual.doc. 

 
 
 

 

 

 


