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ABSTRACT 
 

Weather and climate temperature extreme events may have major impacts on society, economy, ecosystems, and on 

human health; they drive natural and human systems much more than the average climate. The aim of this study is 

to monitor and analyze the changes of temperature indices based on future climate data in Egypt. The monitoring 

has been done based on assessing the changes of four temperature indices (Maximum maximum temperature (TXx), 

Minimum minimum temperature (TNn), Frost days(FD) and summer days(SU)) according to future climate data. 

The climate change data has obtained from downscaling global climate model ECHAM6 of scenario RCP 4.5 by a 

horizontal resolution 50 km during the period from 2010 up to 2090, and the results indicated that the highest TXx 

observed during the period 2080-2089 while lowest TNn observed during the period 2010-2019 in the most of Egypt 

governorates. Also, it has been observed that the maximum number of frost days was observed in 2010 decade while 

the maximum number of summer days in winter season was observed in 2080 decade at most of Egypt governorates. 
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I. INTRODUCTION 

 

Extreme weather events can have severe impacts on 

human health, built infrastructure, the natural 

environment, the transport sector and the economy at 

large. Extreme events in recent years have drawn 

increased attention to the science seeking to understand 

their causes (Kerr 2013). The Intergovernmental Panel 

on Climate Change (IPCC) Fifth Assessment Report 

(Stocker et al. 2014) concluded that strong evidence 

exists for increases in some extremes worldwide since 

1950, especially more frequent hot days and heavy 

precipitation events (Stephanie C., et al. 2014). It is, 

therefore, necessary to develop and apply seasonal 

forecast, climate prediction and climate projection 

modelling tools and capacities in all countries to enable 

scientists to provide the information needed to inform 

policy-making and decision-making on climate change 

adaptation and measures to enhance resilience across 

the all countries special in the Arab region (United 

Nations report, 2015). The annual, seasonal and 

monthly mean values of temperature, precipitation, and 

other common variables provide essential and 

indispensable information regarding the climate and 

how it may change; they are typically not directly link 

to climate impacts. During the last few years, the need 

for information more directly linked to impacts has 

resulted in a wide range of climate indices. Climate 

indices have developed to a simplified way 

communicate more complex climate change impact 

relations. Most studies of climate extremes are limited 

to the last ~ 50 years or less, simply because longer-

term daily datasets have not commonly digitized. 

Furthermore, where long-term data are available, 

uncertainties about their homogeneity limit their use in 

studies of extremes (Paula J., et al. 2014). However, the 

global study by Alexander et al. (2006) showed an 

asymmetric temperature shift associated with greater 

warming in minimum temperatures than maximum 

temperatures and precipitation changes toward wetter 

conditions. There have also been increases in the 

growing season length, an increase in the number of 

frost-free days, and a decrease in the number of cold 

nights globally. The agriculture sector is highly 

sensitive to climate variability and weather extremes. 

Extreme weather events are increasingly threatening the 

farmers and agricultural production, it causing serious 

losses and damages increasingly gradually in Egypt 

(Khalil and Hassanein, 2016). Extreme weather events 

that occur in every agricultural region of the world, 
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cause severe crop and livestock damage. Extreme 

weather events can affect the crops both via negative 

impacts on plant physiological processes and direct 

physical damage, as well as by affecting the timing and 

conditions of field operations. For instance, above-

threshold temperatures and precipitation lows, leading 

to heat and drought stress, can negatively affect crop 

photosynthesis and transpiration (Porter and Semenov 

2005), as well as increased pest and disease incidence; 

and extreme temperature events may also hinder fruit 

setting and development, critically lowering yield 

potential (Tubiello et al. 2007). The objective of this 

study is to monitoring and evaluates the changes of 

temperature indices under future climate in Egypt.  

 

II.  METHODS AND MATERIAL  

 

A. Study areas 

The study areas were conducted on the 16 governorates 

distributed on different climatic regions in Egypt 

(Lower, Central and Upper Egypt) according to the 

table 1. 

 

Table 1: Coordinates of the studied locations. 

 
 

B. Future climate data 

The future climate data has obtained from the 

downscaling process on global climate model 

(ECHAM6) of scenario Representative Concentration 

Pathways RCP 4.5 by a horizontal resolution 50 km 

using regional climate model (RegCM 4). The 

temperatures data have exported and analyzed from 

2010 up to 2090 for the determined governorates to 

monitoring the changes of temperature indices based on 

future data.  

 

C. Temperature Indices 

Evaluating the changes in temperature indices in future 

years will be done based on studying four extreme 

indices (Maximum maximum temperature (TXx), 

Minimum minimum temperature (TNn), Frost and 

summer days (FD&SU)) as  shown in table (2). These 

indices have been recommended by the groups such as 

the World Meteorological Organization (WMO), 

CCl/CLIVAR/JCOMM Expert Team on Climate 

Change Detection, Monitoring and Indices (ETCCDI), 

the European Climate Assessment (ECA), and the Asia-

Pacific Network (APN) (Alexandera, and Tebaldi, 2012) 

have aimed to provide a framework for defining and 

analyzing these indices, so that the results from different 

countries could be combined seamlessly (Peterson and 

Manton, 2008). The studied time series from 2010-2090 

were assessed every ten years. 

 

Table 2: Determined extreme temperature indices  

 

 

III. RESULTS AND DISCUSSION  

 

The results of temperature indices were calculated for 

the governorates which mentioned in table 1 for the 

years from 2010 up to 2090 and then studying the 

extremes in every 10 years for the winter (DJF), Spring 

(MAM), Summer (JJA), and Autumn (SON) seasons. 

The results have been classified according to the 

geographical locations,  

A. Lower Egypt Governorates 

TXx and TNn in Lower Egypt governorates (Alexandria, 

Beheira, Kafr el-Sheikh,  Ismailia, Sharqia, Gharbia, 

Dakahlia, and Monufia) are shown in tables (3, and 4) 

which indicated that the highest TXx values in the 

winter season(DJF) observed during the period 2080 – 

2089 at all Lower Egypt governorates except at 

Dakahlia where its highest TXx observed during the 

period 2030-2039. The same observation was found in 

the spring season (MAM) but the exception in this 

season observed in Alexandria and Dakahlia where their 

highest TXx occurred during the periods 2070-2079, 

and 2010-2019 respectively. 
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In the summer season (JJA), the highest TXx was 

observed during the period 2060-2089 where it was 

during 2060-2069 at Beheira, during the period 2070-

2079 at Alexandria, Kafr El-sheikh, Sharqia, and 

Monufia, and during the period 2080-2089 at Ismailia, 

Gharbia, and Dakahlia.  

In autumn season (SON) the highest TXx was found 

during the period from 2080 - 2089 in all lower Egypt 

governorates except at Beheira and Dakahlia where 

their highest TXx recorded during the period 2070 -

2079.  

 

From table (4) which shows the values of TNn in the 

mentioned periods, we can observe that the Lowest TNn 

at Lower Egypt governorates were found during period 

2010-2019 in the winter season except at Ismailia and 

Gharbia where its lowest TNn observed during the 

period 2030-2039 and during 2060-2069 respectively. 

In the spring season, the lowest TNn observed during 

the period 2010-2019 at Sharqia, Dakahlia, and Monufia, 

during the period 2020-2029 at Beheira, Kafr El-sheikh, 

and Ismailia, during 2050-2059 at Alexandria, and 

during 2060-2069 at Gharbia, while in summer season 

the lowest TNn observed in all periods except 2070-

2089. 

 In the autumn season, the lowest TNn observed during 

the period 2010-2019, except at Ismailia where its 

lowest TNn observed during the period 2070-2079. 

 

Number of frost days were collected during each 10 

years for the days that their daily minimum temperature 

was lower than 5 
◦
C.  

 Figure (1) shows the number of frost days for studied 

Lower Egypt governorates, and it's observe that, the 

2010 decade has the highest number of the frost days for 

all governorate except at Gharbia where the 2060 

decade has higher record by 3 days, while  the decade of 

2070 has the lowest record of frost days at all 

governorates except at Dakahlia and Monufia, it was 

lower by 3 days in 2080 decade.  

 

 

 

 

 

Number of summer days were collected during the 

study period every 10 years in their winter months (DJF) 

for the days that their daily maximum temperature was 

greater than 25 
◦
C. Figure (2) shows the Number of 

summer days for studied Lower Egypt governorates, 

and it's observed that 2080 decade has the highest 

summer days at all lower Egypt governorates while the 

lowest record was in 2010 and 2020 decades with a very 

close records except at Gharbia where its lowest record 

observed during 2060 decade. 

 

Table 3: Seasonal Maximum Maximum temperature for 

Lower Egypt governorates 
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Table 4: Seasonal Minimum Minimum temperature for 

Lower Egypt governorates 

 

 
Figure 1: Number of Frost days in Lower Egypt 

 

 
Figure 2: Number of summer days in Lower Egypt 

 

B. Middle Egypt Governorates 

 

TXx and TNn in Middle Egypt governorates (Giza, 

Beni Suef, Faiyum, and Minya) are shown in tables (5, 

and 6), and it's observed that all studied Middle Egypt 

governorates find the highest TXx value in summer 

season will be during the period 2060-2069 except at 

Minya, its highest value will be during 2070-2079. 

While in the autumn season, the highest TXx will be 

during the period 2070-2079, but in winter and spring 

season will be during the period 2080-2089.  

 

Table 6 shows the values of TNn of studied Middle 

Egypt governorates each 10 years from 2010 up to 2089, 

and it’s observed that all governorates agreed in the 

period which has the lowest value in each season where 

in winter and autumn, the period 2010-2019 had the 

lowest value of TNn, 2020-2029 in spring season, and 

2050-2059 in summer season.   

 

Figure (3) shows the number of frost days in middle 

Egypt governorates during the period 2010-2090, and 

it's observed that the highest number of frost days was 

in 2010 decade while the lowest number was in 2070 

decade at all studied governorates except at Minya, its 

lowest record was in 2060 decade.  

The number of summer days in winter season at middle 

Egypt governorates is shown in figure (4), and it's 

observed that the decade 2080 has the highest number 

of summer days, while the lowest one was ranged 

between 2010 and 2020 decades with very close values, 

except at Minya, where its lowest number was in 2060 

decade.   

 

Table 5: Seasonal Maximum Maximum temperature for 

Middle Egypt governorates 
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Table 6: Seasonal Minimum Minimum temperature for 

Middle Egypt governorates 

 

 
 

Figure 3: Number of Frost days in Middle Egypt 

governorates 

 

Figure 4: Number of summer days in Middle Egypt 

governorates 

 

C. Upper Egypt Governorates 

TXx and TNn in Upper Egypt governorates (Asyut, 

Sohag, Qena, and Aswan) are shown in tables (7, and 8), 

and it's observed that all studied Upper Egypt 

governorates agreed that, the highest TXx value in 

spring season was during the period 2040-2049, and 

during the period 2070-2079 in the autumn season. 

While in the winter season, the highest TXx values were 

observed during the period 2070-2079 at Qena and 

Aswan, and during the 2080-2089 at Asyut and Sohag. 

In the summer season, Sohag and Qena demonstrated 

that the period 2060-2069 has the highest TXx, while 

Asyut and Aswan find the highest TXx during the 

period 2070-2079.  

Table (8) shows the values of TNn at Upper Egypt 

governorates, and it’s observed that in the winter and 

autumn seasons all Upper Egypt governorates find the 

period 2010-2019 has the lowest TNn except at Asyut in 

winter and Aswan in autumn, where it was during 2070-

2079 in both of them, but in the summer season the 

lowest TNn was observed during the period 2050-2059 

while in the spring season was observed during the 

period 2020-2029 except at Asyut where it was 

observed during the period 2010-2019. 

 

Figure (5) shows the number of frost days in Upper 

Egypt governorates during the period from 2010 up to 

2089, and it's observed that the highest number of frost 

days was in 2010 decade while the lowest number was 

in 2080 decade at all studied governorates except at 

Asyut, it was in 2070 decade.   

The number of summer days in winter season at Upper 

Egypt governorates is shown in figure (6) and it’s 

observed that similar to Lower and middle Egypt 

observations, the decade 2080 has the highest number of 

summer days, while the lowest one was in 2010 decade 

except at Aswan, there is observed unexpected decrease 

in 2050 decade.  

 

Table 7: Seasonal Maximum Maximum temperature for 

Upper Egypt governorates 
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Table 8: Seasonal Minimum Minimum temperature for 

Upper Egypt governorates 

 
 

 
Figure 5: Number of Frost days in Upper Egypt 

governorates. 

 
Figure 6: Number of summer days in Upper Egypt 

governorates. 

 

One regional study focused on changes in temperature 

extremes over the Middle East region (Zhang et al., 

2005), which is part of the investigated study area. This 

study reported consistent also changes towards warmer 

and less cold extremes in this region. In addition to this 

study, there have been some local analyses focusing on 

Libya and Tunisia, for example, (El Kenawy et al., 2009; 

El Fadli, 2012) reported regional warming trends 

stations in Libya, and Tunisia (Dahech and Beltrando, 

2012). Driouech et al. (2010) documented a reduction in 

precipitation over the period 1958-2000 in the 

Moulouya watershed in Morocco. Model simulations of 

climate extremes in the Arab region during the historical 

period show similar warming trends over the past 

century (Sillmann et al., 2013a), and these trends 

continue in multi-model future climate projections 

(Sillmann et al., 2013b). The signal in extreme 

precipitation projections is incoherent; however, there is 

a tendency towards drying. Projections of changes in the 

nearby Mediterranean region point to a warming trend 

with more frequent extreme warm events (Giorgi and 

Lionello, 2008). (Donat et al, 2014) studied the 

temporal changes in climate extremes in the Arab region 

since the middle of the 20th Century and found that, 

warming trends are generally stronger during the most 

recent 30 years (since 1981) than for the longer period 

(since 1966). This is also confirmed by the region-

averaged time series, which show that most of the 

warming has happened since the early 1970s. Studying 

the occurrence of extreme precipitation is characterized 

by much stronger temporal and spatial variability than 

seen in the temperature extremes. Also IPCC AR5 

(Niang et al., 2014) reported that, in northern Africa, the 

northwestern Sahara experienced 40 to 50 days of heat 

wave per year during the 1989–2009 time period (Vizy 

and Cook, 2012), and there is an expected increase in 

this number of heat wave days over the 21st century 

(Patricola and Cook, 2010; Vizy and Cook, 2012), and 

reduction in rainfall over northern Africa is very likely 

by the end of the 21st century. 

 

IV. Conclusion 

 

In general, this paper presents an analysis of 

temperature extremes in different three climatic regions 

in Egypt, and their changes during the period 2010 up to 

2099.  The results give evidence for significant changes 

in the temperature extremes occurrence during the next 

eight decades. The Highest TXx was observed during 

the period 2080-2089 while lowest TNn was observed 

during the period 2010-2019 in the most of Egypt 

governorates. Also, it has been observed that the 

maximum number of frost days was observed in 2010 

decade while the maximum number of summer days in 

winter season was observed in 2080 decade at most of 

Egypt governorates. 
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