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Abstract  
The main objective of this work to analyze the historical trend of the temperature extreme indices for Greater 

Cairo Region from 1948 until 2015, by using NCEP reanalysis daily data for minimum and maximum 

temperatures. Ten extreme temperature indices such as summer days, tropical nights, warm and cold days, warm 

and cold nights, were calculated for four stations located inside the domain of The Greater Cairo Region such as 

Cairo, Bahtim, Giza and Helwan. This historical period divided into two short periods, the first from 1948 until 

1978 and the second from 1979 until 2015. The results show that there is a significant difference between the 

two periods. The trend of tropical nights for Cairo station (1948-1978) was negative while the trend for the same 

station was significantly positive during (1979-2015), also Giza station has the same result for tropical night. 

Future assessment of extreme temperature indices (2020-2100) was done by using three CMIP5 global climate 

model with two representative concentration pathway scenarios RCP4.5 and RCP8.5. From future probability 

distribution function of temperature extremes over Cairo station, a strong shift in mean for summer days at 

RCP8.5 more than RCP4.5 which will lead to more hot weather and less cold weather. Future projection of 

climate extremes can help in management and adaptation strategies. [Bul. Soc. Géog. d’Égypte, 2019, 92: 40-52]     
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1 Introduction 

 

The mean temperatures of the global increase since the mid-twentieth century due to 

the observed increase in the greenhouse gases concentrations (IPCC, 2007). In addition, the 

extremes themselves might change so as to bring about changes that are bigger than would 

basically come about because of the movement of variability to a higher level (Hegerl and 

others, 2004; IPCC, 2007). Variability of the extreme weather events has critical impacts and 

embarrass remarkable challenges to society (CCSP, 2008). Extreme climate indices come in 

the tails of a probability distribution of climate variables, such as rainfall and temperature.  

Conception the mechanisms related with extreme indices at the local scale could 

supply helpful insights for stakeholders, system administrators, and policy makers to mitigate 

economic losses. Therefore, worldwide research work is decisive to assess the mechanization 

and effects of extreme events in a global context.  Previously researchers have shown that 

changes in the frequency and intensity of climate extremes such as (Frei and Schär 2001; 

Frich et al. 2002; Kiktev et al. 2003; Sen Roy and Balling 2004; Vincent et al. 2005; Aguilar 

et al. 2005; Moberg and Jones 2005; Alexander et al. 2006; New et al. 2006; Dos Santos et al. 

2010; Wong et al. 2010; Hirschi et al. 2011; Gamal 2017).  

Soltani et al (2015), studied the changes in spatiotemporal patterns of climate 

extremes indices over Iran for the period (1975-2010). Temperature extremes show a 

significant positive trend for all indices over sub-period (1995-2010). The number of clod 

days and nights decreased by 4 and 3 days/decade and the warm days and nights number also 

increased by 13 days/decade. By using RClimDex package based on R, Almazroui et al 

(2014), analysed extreme temperature indices for Saudi Arabia for the period 1981-2010. 

Results indicated that about 93% from 27 stations used in their work has significant increase 

in warm temperature indices and significant decreased for cold extremes. 
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The daily trend of extreme temperature over three different eco-environments in 

Ethiopia (1967-2008) were investigated by Mekasha et al (2014). Their results indicated 

positive trends for maximum value of the maximum temperature (TXx), warm days (TX90p), 

warm nights (TN90p) and warm spell duration indicators (WSDI) and negative trends for 

cool days (TX10p), cool nights (TN10p) and cold spell duration indicators (CSDI) in more 

than 8 of the 11 stations studied. Panda et al (2014), studied the spatial and temporal patterns 

of extreme temperature in India from 1971 to 2005. They found that the daily minimum 

temperature, has increased which followed by a decreases in cold extremes in large parts of 

the country. Also warming temperature indices tend to increase in the year following the El 

Niño events. In Portugal, Santo et al (2014), indicated the seasonal trend of temperature for 

the period 1941 until 2006. They found that hot extreme temperature such as hot days and 

tropical night increased and associated with significant increase in the duration and frequency 

of heat waves in spring and summer, a significant decrease of clod extreme also detected.  

Nandintsetseg et al (2007), investigated the temperature extremes near Lake Hövsgöl, 

Mongolia (1963-2002). Their results show a significant increase in the hot extreme 

temperature indices such summer days and tropical nights and decrease in the cold extremes 

such as cold days and cold nights numbers.  While Manton et al (2010), studied the daily 

temperature extremes from 1961 to 1998 for Southeast Asia and the South Pacific. 

Significant increases were detected in the annual number of hot days and warm nights, with 

significant decreases in the annual number of cool days and cold nights. Also Salinger and 

Griffiths (2001), investigated the daily trend for both temperature and rainfall over New 

Zealand for the period (1951-1998). The paper results show that there was no significant 

increase in hot days number but a significant increase in minimum temperature associated 

with decrease in cold days number. Frost days frequency decreased and days with 25 
○
C 

increased at the north eastern part only [Bul. Soc. Géog. d’Égypte, 2019, 92: 40-52]. 

 

2 Methodology 

2.1 Target area  

 

Greater Cairo Region (GCR), located south of Nile Delta. It is classified as the largest 

urban area in Africa and one of the world's 15 largest cities in urban and population growth. 

Population in GCR exceeds 15 million concentrated over an area of about 214,000 km
2
. The 

urbanization and industrialization have increased very rapidly in GCR, especially in the 

second half of the last century (Robaa, 2003). Greater Cairo and the surrounding area belongs 

to a hot desert climate (BWh) in Köppen classification, as all of Egypt.   
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Fig 1. Egypt map which the black box is the target area 

 

The target area has been presented by four selected meteorological stations situated 

inside GCR and represent different degrees of urbanization as shown in table 1. 

Table (1), GCR region ground stations 

 

Station name Station WMO no. Latitude Longitude 

Bahtim Agrimet. 62369 30.14 31.26 

Cairo 62366 30.11 31.41 

Giza - Agrimet. 62375 30.05 31.22 

Helwan 62378 29.86 31.35 

2.2 Data and Methods  

Daily minimum and maximum temperatures of the NCEP/NCAR Reanalysis 1 project 

(Kalnay et al, 1996) was used for four stations located in the greater Cairo region from 1948 

until 2015. The calculation of the extreme temperature indices has performed by ClimPACT2 

(Alexander and Herold, 2016). The plurality of extreme indices in ClimPACT2 determined 

using code from the climdex. pcic R package which was developed by the Pacific Climate 

Impacts Consortium (PCIC). The ClimPACT2 is the updates of ClimPACT software which 

was based on the RClimDEX software developed by the WMO CCl/WCRP/JCOMM Expert 

Team on Climate Change Detection and Indices (ETCCDI). ClimPACT2 is an R software 

package for calculating the 34 core indices. It has two methods for calculating these indices, 

through a Graphical User Interface and through the climpact.loader for those is meant for 

users experienced with the R programming language. The only requirement to run the 

ClimPACT2 GUI is that the R software package is installed, then download ClimPACT2 

from github, (https://github.com/ARCCSS-extremes/climpact2/archive/master.zip). Table (2) 

describes only the extreme climate indices calculated over Greater Cairo stations. 

 

https://www.wmo.int/cpdb/volume_a_observing_stations/view/14779
https://www.wmo.int/cpdb/volume_a_observing_stations/view/14781
https://github.com/ARCCSS-extremes/climpact2/archive/master.zip
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Table (2), extreme climate indices calculated by ClimPACT2 

Unit Definition Long name short 

name 

days Annual number of days with at least 6 consecutive 

days when TN < 10th percentile  

Cold spell duration 

indicator 

CSDI  

days Annual number of days with at least 6 consecutive 

days when TX > 90th percentile  

Warm spell duration 

indicator 

WSDI  

days Annual number of days when TX >= 30 °C  hot days SU30  

days Annual number of days when TN > 20 °C  Tropical nights TR  

% Percentage of days when TN < 10th percentile  Amount of cold nights TN10p  

% Percentage of days when TN > 90th percentile  Amount of hot nights TN90p  

% Percentage of days when TX < 10th percentile  Amount of cool days TX10p  

% Percentage of days when TX > 90th percentile  Amount of hot days TX90p  

°C 

 

Mean daily mean temperature  Mean TM TMm 

°C 

 

Mean daily minimum temperature  Mean TN 

 

TNm 

°C 

 

Coldest daily TN  Min TN 

 

TNn 

°C 

 

Warmest daily TN  Max TN TNx 

°C 

 

Mean daily maximum temperature  Mean TX 

 

TXm 

°C 

 

Coldest daily TX  Min TX 

 

TXn 

°C 

 

Warmest daily TX  Max TX TXx 

3 Results and Discussion 

 

As shown in table 3, which explains the trend of different extreme climate indicators 

for each station and for two periods, the first is (1948-1978) and the second period is (1979-

2015). The index of monthly maximum value for daily maximum temperature (TXx) shows 

an increasing insignificant trend at almost of the stations, while the monthly maximum value 

for daily minimum temperature (TNx) shows an increasing significant trend for the four 

stations. From Table 3 it is clear that all stations show positive trends for these two indices. 

The monthly minimum values of daily maximum temperature (TXn) have increased at all 

stations insignificantly. The monthly minimum values of daily minimum temperature (TNn) 

have insignificantly increase at four stations. The annual occurrence of cool days (TX10p) at 

Fig.2-A shown a significant decreasing trend at the four stations. In a similar pattern, cool 

nights (TN10p) have significantly decreased at all stations. The extreme index of warm days 

(TX90p), at Fig.3-A shown insignificantly increasing trend at the selected stations, except for 

one station (Giza) located in the southwestern part of the GCR, which shown a significant 

increasing trend. Warm nights (TN90p) also have significantly increased at all stations.  

 

The Cold Spell Duration Indicator (CSDI), at Fig.3-B has decreased at all stations 

with significant trends. While the Warm Spell Duration Indicator (WSDI) at Fig.3-C has 

increased for all stations with insignificant trends. The decrease of CSDI and increase of 
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WSDI is in agreement with the decrease of TN10p and increase of TX90p, which are directly 

related to the warming of air temperatures. Of all the observed trends in the selected extreme 

indices, the remarkably increase of WSDI in 2010 is very alarming and should become a 

great concern for relevant stakeholders such as government planners, community, and 

industrialists in terms of dealing with global warming and climate change-related issues. The 

Tropical Nights where the minimum temperature higher than 20 
◦
C (TR20), have also shown 

significantly increasing trends for all stations, which significantly increasing at 95% level, 

this finding clearly indicates that the warming is evident; and it could also be taken as a 

signal of climate change at the local level. 

 

Table (3), trend values for extreme temperature indices over GCR 

Station Cairo Giza Helwan Bahtim 

 1
st
 2

nd
 1

st
 2

nd
 1

st
 2

nd
 1

st
 2

nd
 

CSDI 0.03 -0.1 0.04 -0.1 0.01 -0.1 0.1 -0.1 

WSDI -0.5* 0.44* -0.5* 0.4* -0.5* 0.4* -0.55* 0.43* 

SU30 -0.2 0.2 -0.33 0.3 -0.5 0.3 -0.2 0.2 

SU35 0.03 0.02 0.03 0.01 0.03 0.02 0.02 0.02 

TR -0.4 0.6* -0.4 0.6* -0.4 0.5* -0.4 0.6 

TN10p 0.2 -0.3* 0.2 -0.25* 0.21* -0.24* 0.2 -0.3* 

TN90p -0.3* 0.3* -0.3* 0.3* -0.3* 0.3* -0.3* 0.3* 

TX10p 0.05 -0.1 0.05 -0.1 0.1 -0.1 0.04 -0.1 

TX90p -0.2 0.1 -0.2 0.1 -0.2 0.1 -0.15 0.1 

TNn -0.1 -0.01 -0.05 -0.01 -0.05 -0.01 -0.05 -0.01 

TNx -0.02 0.04* -0.02 0.041* -0.02 0.04* -0.02 0.04* 

TXn -0.01 -0.01 -0.01 -0.02 -0.01 -0.01 -0.01 -0.01 

TXx -0.002 0.02 0.001 0.02 0.002 0.02 -0.002 0.02 

The bold value with * is statistically significant at 0.05 level 
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Fig (2), annual variations of, (A) cold and warm nights indices for Bahtim, Cairo, Giza and Helwan 
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Fig (3), annual variations of, (B) cold and warm days, (C) summer days and tropical nights,  

and (D) CSDI and WSDI for Bahtim, Cairo, Giza and Helwan 
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4 Assessment of future variability for the extreme indices over Cairo: 

 

The frequency, duration, spatial, adversity and timing of both weather and climate 

extreme events would effected by any perturbations in climate, which can lead to surpassing 

climate events and weather extremes. Future changes in exposure, sensitivity, and climate 

extremes resulting from natural climate variability, anthropogenic climate change, and 

socioeconomic growth can modify the impacts of climate extremes on natural and human 

systems and the possibility for scourges. Variability in extremes can be related to changes in 

the average, variance, or probability distributions shape, or all of these as shown in (Figure 

3). The assessment and forecast of regarding climate change extremes and weather events is 

one of the utmost affronts of the scientific groups as they have a main action in natural and 

socioeconomic sections (Kostopoulou and Jones, 2005) such as water resources, ecosystems, 

agriculture, and health (Parry, 2000). Excessive temperature climatic statues are linked with 

increased energy consuming, devolution of human relief and tourism (Henderson and Muller, 

1997; Subak et al., 2000).  

The indices of the climate extremes which defined by the Expert Team on Climate 

Change Detection and Indices (ETCCDI) are computed for a number of global climate 

models participating in the Coupled Model Intercomparison Project Phase 3 (CMIP3) and 

Phase 5 (CMIP5), and reanalyses, presented in Sillmann et al. (2013a, b). At this part, six 

extreme climate indices which are summer days (SU), tropical nights (Tr), warm and cold 

nights (TN10p, TX10p), also warm and cold days (TN90p, TX90p), downloaded for three 

different global models (GFDL-ESM2M), (HadGEM2-ES) and (MPI-ESM-MR) under two 

different representative concentration pathway scenarios RCP4.5 and RCP8.5. The ensemble 

mean calculated for each indices and compared with the probability distribution of the 

historical record (1948/2015). 

As shown in Fig (4), which describe the probability distribution for each climate 

index over Cairo during the period (2020/2100). Summer days and tropical nights calculated 

as days, while warm and cold indices calculated as percentage, so it has been converted into 

days for easier conception.  

The results of future assessment of the extreme climate indices can be summarized as 

follow: 

1- For summer days (SU), (Fig 4A), there is a strong shift in mean for both RCP4.5 

and RCP8.5 compared to observational probability distribution, but the variability 

also increased for SU at RCP8.5 than RCP4.5 which will lead to more hot weather 

and less cold weather. 

2- For tropical nights (Tr), (Fig 4B), a shift in mean with less variability for RCP4.5 

distribution, while RCP8.5 has increasing variability with mean shifting. 

3- For cold nights, TN10p, (Fig. 4C) and cold days, TX10p, (Fig. 4D), the 

frequencies of the cool days and cool nights have decreased, whereas the 

frequencies of annual occurrence of warm days and warm nights have increased 

over Cairo, as shown in (Fig. 4E) for TN90p and (Fig. 4F) for TX90p. 

 

5 . Conclusion 

 

Investigation of the temperature extremes indices are very substantial for feasible 

socio-economic objectives. For example, such awareness would assist Egyptian-related 

stakeholders and authorities to achieve power supplies agriculture, tourism and water 

resources, which are immediately impacted by the temperature fluctuation in the country. It is 

clear that summer days and tropical nights have a significant increasing as seen in Figure 3 by 

http://www-pcmdi.llnl.gov/ipcc/about_ipcc.php
http://cmip-pcmdi.llnl.gov/cmip5/index.html


Bul. Soc. Géog. d’Égypte                                                                                                                                  Tome XCII 

 

- 47 - 

 

shifting mean and variability which lead to more hot weather and less cold weather record. 

The cold extreme indices, cold days and nights have significant decrease and this trend will 

continue in the future under different scenarios, while hot extreme indices, warm days and 

nights have significant increase trend.   

 

In general, the extent of extremes associated with global warming has been increasing 

at the target area. It is subsequently concluded that the climate of Greater Cairo Region has 

sophisticated a warming trend associated with the increase of temperature extremes. This 

indicates that heat waves are increasing greatly in this region. Besides large-scale global 

warming and atmospheric circulation, the driving force behind this changing climate could be 

the changes in cloud cover (Duan and Wu, 2006). Other non-climatic contributing factors 

also could be attributed the possible influence of aerosols in industrial regions, as noted by 

some researchers (e.g. Stone and Weaver, 2003; Trenberth et al., 2007; Zhou et al., 2009). 
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Fig (4), probability of distribution for, (A) summer days, (B) tropical nights, (C) cold nights, 

(D) cold days, (E) warm nights, and (F) warm days for Cairo (2020/2100). 
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 الممخص العربي:
 

الهدف الرئيسي من هذا البحث هو تحميل الاتجاه العام لمؤشرات درجة الحرارة القصوى لمنطقة القاهرة الكبرى من عام 
لدرجات الحرارة الصغرى والعظمى. تم استخدام  NCEP، وذلك باستخدام البيانات اليومية  5182حتى عام  8491

الميالي الاستوائية ، الأيام الدافئة والباردة ، الميالي الدافئة مؤشرات لدرجة الحرارة العظمى مثل أيام الصيف ،  81عدد
والباردة ، لأربعة محطات تقع داخل نطاق منطقة القاهرة الكبرى مثل القاهرة ، بهتيم ، الجيزة وحموان. هذه الفترة التاريخية 

. أظهرت 5182حتى عام  8494والثانية من عام  8491حتى  8491مقسمة إلى فترتين قصيرتين ، الأولى من عام 
( سمبيا بينما 8491-8491النتائج أن هناك اختلاف كبير بين الفترتين حيث كان اتجاه الميالي الاستوائية لمحطة القاهرة )

( ، كما أن محطة الجيزة لها نفس النتيجة لهذا 5182-8494كان الاتجاه لنفس المحطة إيجابيا بشكل كبير خلال )
نماذج المناخ  من ( باستخدام ثلاثة5811-5151مستقبمي لمؤشرات درجة الحرارة القصوى )المؤشر. تم إجراء تقييم 

متشائم والاخر سيناريو  RCP4.5مع اثنين من السيناريوهات المحتممة أحدهما سيناريو متفائل وهو   CMIP5 ةالعالمي
ى محطة القاهرة ، يحدث تحول قوي في . من دالة التوزيع الاحتمالي المستقبمي لدرجات الحرارة العظمى عمRCP8.5وهو 

مما يؤدي إلى مزيد من  حالات الطقس الحار والطقس البارد.  RCP4.5أكثر من  RCP8.5 عند الصيف لأيامالمتوسط 
إن الإسقاط المستقبمي لمظواهر المناخية الحادة فى هذه الدراسة يمكن أن يساعد في استراتيجيات الإدارة والتكيف وتقميل 

 السمبية المحتممة لمتغير المناخى عمى قطاعات مختمفة كالزراعة والصحة.الاثار 
سيناريو  -سيناريو متفائل -نماذج المناخ العالمية -الحادة مؤشرات ال -مصر –كممات مفتاحية: القاهرة الكبرى 
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