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ABSTRACT 
    

In this study monthly, seasonal and annual values of temperature have been analyzed over Egypt during the 

period 1960-2016. It is found that the temperature is a function of latitudes where the values of temperature 

increase gradually from north to south. The trend analysis illustrates that there is a significant increase in 

seasonal and annual values of temperature over Egypt. The annual wave dominates at all stations; its amplitude 

for the northern stations is smaller than those for the southern stations. The analysis of the spatial distribution of 

the monthly average of temperature (1960 – 2016) for each month of the year has been made. It is found that 

Latitudinal gradients in temperature are strong in winter and spring seasons with particular increase over the 

north of Egypt due to the effect of mid-latitude travelling depressions from west to east over Egypt. The 

climatological distribution of temperature throughout the months of the year reflects the effect of meteorological 

factors and pressure systems affecting the weather and climate in the study area. The warmest areas in summer 

are the middle and the south eastern parts of Egypt. 
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1. INTRODUCTION 

Air temperature is one of the most 

important components of climate, due to its 

significant contribution to surface- atmosphere 

processes and interactions [1]. Changes in 

surface air temperature can be of particular 

interest in a variety of environmental, 

ecological, hydrological and societal 

applications hydrological, environmental, and 

societal applications. Over the last few decades, 

air temperature variability and changes have 

received much attention especially with the 

global surface temperature experiencing an 

average increase of roughly 0.7 ºC over the 

second half of the 20th century [2-4]. 

During the last decades, numerous studies 

have investigated the temporal variability of 

temperature at various temporal and spatial 

scales, confirming a significant warming in the 

Middle East and North Africa regions [5-7]. 

There have also been many regionalized 

studies; reflect the larger scale trend in 

temperature such as for Egypt [8-12], Saudi 

Arabia [13], Libya [11], and Morocco [14]. 

There has been continuous attention in 

studying extreme temperature events that have 

occurred on the Mediterranean [15-17], the 

Middle East [18], and the Arab region [19] to 

also include global studies [20, 21]. In  the  

Middle  East  and  North  Africa  regions,  

some  studies  have  attempted  to identify  

horizontal and  temporal  changes  in  

temperature  extremes  at  the  country  level , 

including Iran [22], Iraq  [23], Saudi  Arabia  

[13,24], Jordan [25] and Morocco [14]. For 

example, [23] indicated that mean temperature 

in Iraq has increased during the period 1965- 

2015 faster than the global temperature rise, 

leading to an increase in warm extremes (warm 

nights) and a decrease in cold extremes (cold 

days). In their assessment of changes in 

temperature extremes over Morocco, [14] 

reported that changes in cold extremes are 

larger than those of warm events.  

The increase in temperature has impacts 

such as: increased incidence and severity of 

heat-waves, droughts [26]. Over Egypt, there 

has been a number of mega heat waves in the 

last decade, particularly the record-breaking 

summers of 2010, 2011, 2012, 2015 and 2018, 

which caused the loss of life and severe 

economic damage to many sectors (e.g. 

agriculture, energy, water resources) [27-29]. 

This work aims to study the temperature 

analysis and variability over Egypt. 

mailto:elsaied.gad@azhar.edu.eg
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2.  DATA 

2.1  Egypt meteorological stations data 

In this paper, monthly temperature records 

are compiled by 30 stations from the Egyptian 

Meteorological Authority (EMA). The stations 

under study are distributed all over Egypt, 

although the spatial density is quite uneven in 

some parts of the country. 
 

Table 1: The name, position and elevation for 

each selected Egypt stations . 

No Name Station 
Lat 

(ºN) 

Long 

(ºE) 

Elevation 

(m) 

 

Mean Temp 

(°C ) 
 

1 Baltim 31.55 31.10 2 1960 -- 2016 

2 Port Said 31.28 32.23 6 1960 -- 2016 

3 Mersa-Matruh 31.20 27.13 28 1960 -- 2016 

4 Alexandria 31.11 29.56 7.0 1960 -- 2016 

5 El Arish AP 31.05 33.49 31 1960 -- 2016 

6 Tanta 30.78 31.00 8.3 1960 -- 2016 

7 Tahrir 30.65 30.69 16 1960 -- 2016 

8 Ismailia AP 30.60 32.25 13 1960 -- 2016 

9 Dabaa 30.56 28.26 18 1960 -- 2016 

10 Wadi-Elnatroon 30.40 30.30 1 1960 -- 2016 

11 Cairo AP 30.13 31.40 74 1960 -- 2016 

12 El-Suez 29.94 32.55 4.0 1960 -- 2016 

13 Helwan 29.87 31.33 141 1960 -- 2016 

14 Ras-Sedr 29.58 32.72 16.0 1960 -- 2016 

15 Ras-ELnakab 29.34 34.45 633 1960 -- 2016 

16 BeniSuef 29.12 31.10 36.6 1960 -- 2016 

17 Siwa 29.20 25.48 -13.5 1960 -- 2016 

18 Baharia 28.20 28.54 130.0 1960 -- 2016 

19 El-Tor 28.20 33.64 14 1960 -- 2016 

20 Minya 28.05 30.44 41 1960 -- 2016 

21 Sharm El-Sheikh 27.97 34.38 51 1960 -- 2016 

22 Hurghada 27.28 33.46 7 1960 -- 2016 

23 Hurghada AP 27.11 33.48 14 1960 -- 2016 

24 Farafra 27.03 27.59 91.8 1960 -- 2016 

25 Asyut AP 27.03 31.00 70.0 1960 -- 2016 

26 Sohag 26.36 31.47 40.5 1960 -- 2016 

27 Luxor 25.40 32.42 99 1960 -- 2016 

28 Al-Kharga (Ag) 25.28 30.32 73 1960 -- 2016 

29 Al-Dakhla 25.27 29.00 112 1960 -- 2016 

30 Aswan 23.58 32.47 195 1960 -- 2016 

Table 1 and Figure 1 illustrate the location, 

elevation, and the period for each selected 

meteorological station. 

Homogeneity of the data: Bartlett test will 

be used to examine the homogeneity of the data 

when Gaussian distribution of values is 

considered. The method is simply 

accomplished by dividing the considered time 

series into K equal sub-period (k ≥2). The 

sample variance   is calculated using the 

following relation [30]. 
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Fig. 1: Locations and numbers of the 

meteorological stations in Egypt.  

Where the summations range  over the n 

values of the series, Σi in the sub-period K. The 

estimated ratio between the maximum and 

minimum values ( )2
min

2
max / SS  is compared with 

the values given in table 1 of [31] to determine 

the percentage value of significance.  

2.2 Monthly mean air temperature (NCEP   

Reanalysis) 

To understand the spatial distribution of 

temperature during the months of the year, we 

use monthly mean gridded temperature dataset 

from the National Centers for Environmental 

Prediction (NCEP) and National Center for 

Atmospheric Research (NCAR) Reanalysis 

(hereafter, NNR) are used. The NNR is created 

by assimilating observed weather data (e.g. 

temperature) using state-of-the-art global 

climate-forecasting model that produces 

interpolated grid output on a 2.5° X 2.5° 

latitude–longitude grid, with the application of 

a high level of quality control. The first-

generation of NNR is from 1948, which is close 

to real time [32, 33]. 

The NNR temperature gridded dataset [32] 

used in this study has been extracted for the 

Egyptian region covering the period 1960–

2016. The simulation of the NNR temperature 

gridded dataset is strongly influenced by 

observed data. Hence, these data are the most 

reliable in terms of time [32, 33]. 
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3. RESULTS AND DISCUSSION 

3.1 Homogeneity of the data  

Studies on data homogeneity are essential 

in climatology. Homogeneity is manifested 

differently in different climatic elements.  

Table 2: Bartlet test (short- cut) result for the annual, 

winter, spring, summer and autumn of the 

temperature of Egypt stations (n is the number of 

terms in each sub-period k, and k is the number of the 
sub-period). 

Station 

name 

 

n k 

95% 

Significant 

point 

Homogeneity (Temperature) 

Annual Win Spr Sum Aut 

Baltim 19 3 3.24 1.32 7.53 8.74 0.97 0.49 

Port Said 19 3 3.24 0.95 3.35 4.41 1.34 0.47 

Mersa-  

Matruh 

28 2 2.20 0.61 1.84 1.10 0.39 0.63 

Alexandria 19 3 3.24 1.60 5.46 9.45 1.28 0.89 

El Arish AP 28 2 2.20 0.51 0.66 1.13 1.98 0.69 

Tanta 19 3 3.24 0.25 1.90 5.14 1.31 0.18 

Tahrir 19 3 3.24 0.05 1.33 0.54 0.03 0.09 

Ismailia AP 19 3 3.24 3.14 3.60 5.00 4.18 1.05 

Dabaa 19 3 3.24 0.80 0.33 0.94 1.73 0.44 

Wadi El-

natroun 

28 2 2.20 2.14 3.28 2.10 2.21 0.66 

Cairo AP 19 3 3.24 0.09 2.60 1.50 0.70 0.15 

El-Suez 19 3 3.24 0.16 1.01 4.75 0.49 0.16 

Helwan 19 3 3.24 0.33 3.84 5.56 0.21 0.23 

Ras-Sedr 19 3 3.24 1.03 1.76 2.50 1.18 0.28 

Ras -

Elnakab 

19 3 3.24 0.19 0.92 3.22 0.44 0.13 

Beni Suef 19 3 3.24 0.01 0.02 0.05 1.61 0.26 

Siwa 28 2 2.20 0.59 2.21 2.22 0.59 0.39 

Baharia 28 2 2.20 1.56 1.66 1.56 1.64 1.26 

El-Tor 28 2 2.20 0.45 0.14 0.49 1.29 0.45 

Minya 19 3 3.24 0.06 1.22 1.39 0.42 0.21 

Sharm El-

Sheikh 

19 3 3.24 0.12 0.97 0.55 0.15 0.18 

Hurghada 28 2 2.20 0.87 0.96 1.38 1.39 0.70 

Hurghada 

AP 

28 2 2.20 1.86 2.76 1.80 2.16 1.04 

Farafra 28 2 2.20 0.24 0.20 0.86 1.00 0.40 

Asyut AP 19 3 3.24 2.54 2.63 3.26 9.43 1.79 

Souhag 28 2 2.20 0.27 0.50 0.75 0.33 0.36 

Luxor 19 3 3.24 0.18 2.66 1.46 0.31 0.08 

Kharga (Ag) 19 3 3.24 0.07 1.28 0.63 1.06 0.07 

Dakhla 28 2 2.20 0.51 0.88 0.58 1.64 0.76 

Aswan 19 3 3.24 0.81 5.00 2.19 1.11 0.21 
 

The values of climatic elements could be the 

method for estimating daily and monthly 

averages. Artificial lakes and reservoirs and 

other man-made changes of local environment 

produce sources of inhomogeneity in historical 

records of climatic data. 

Homogeneity of the annual and seasonal 

temperature time series over the cities of Egypt 

has been examined by means of Bartlett test 

Table (2) shows the results from the Bartlet test 

(short-cut) for annual, winter, spring, summer 

and autumn temperature. It indicates that mean 

annual temperature series at all stations are 

homogeneous. Using the ratio   (Mitchell et al. 

1966) the data show homogeneity at 5% 

significance level in the autumn also at all 

stations. The summer temperature is also 

homogeneous at all stations except Ismailia AP 

and Asyut AP. The null hypothesis of 

homogeneity is rejected also for Baltim, Port 

Said, Alexandria, Tanta, Ismailia AP, El-Suez, 

Helwan and Asyut AP during spring season. 

The null hypothesis of homogeneity is rejected 

also for Baltim, Port Said, Alexandria, Ismailia 

AP, Wadi-Elnatroun, Helwan,  Hurguada AP, 

 Asyut AP and Aswan during winter season. 

3.2 Annual cycle 

The annual cycle is the dominant 

component for many climate variables outside 

the tropics and the most prominent climate 

oscillation. Surface air temperature (SAT), 

under a changing climate in contrast to the 

numerous studies focusing on long-term global 

or regional warming [34]. This is partly because 

the annual cycle of a climate variable, which is 

traditionally assumed repetitive from year to 

year and estimated by averaging the values of 

that variable for the same day/month over a 

period of several years, is frequently removed 

in studies concerning climate variability or 

changes. 

However, inter-annual variations and 

changes in the annual cycle can be seen in 

many climate time series. and an increasing 

number of studies since the 1990s have shown 

that climate change is not only reflected in the 

change in the annual mean of a climate variable 

but also in the long-term change in the 

amplitude and phase of its annual cycle (the 

yearly period component). Changes in the 
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amplitude of the annual cycle of SAT could 

affect its trend estimation [35], and it has been 

suggested that these changes have be taken into 

account in temperature reconstructions [36]. 

Figure 2  shows that the annual cycle of mean 

temperature for the period (1960-2016) for 

stations Alexandria, Cairo, Ras-Sedr, El-Tor, 

Hurghada, Souhag, Luxor and Aswan as a 

sample of available stations (30 stations ) over 

Egypt. 

 
Fig. 2: Mean inter-annual variability of mean 

temperature for the period (1960-2016) for stations 

Alexandria, Cairo, Ras Sedr, El-Tor, Hurghada, 

Souhag, Luxor and Aswan. 

As in figure 2 which shows that high 

amplitude occurs at Aswan station which lies in 

south Egypt while the low amplitude occurs at 

Alexandria station which lies in north Egypt. 

Also, we find that the amplitude increases 

gradually from North Egypt to South Egypt, 

this indicates to the northern stations have the 

lower amplitude while the southern stations 

have the higher amplitude. Also, it is clear that 

the coldest months are December, January and 

February where mean temperature increases 

gradually from March month until reaches to its 

peak in July and August with an average air 

temperature of 34°C at Aswan. Then the mean 

temperature decreases gradually till December 

month. 

3.3 Monthly analysis  

In this section we will discuss the behavior 

of the monthly values of temperature of our 

stations during the period 1960–2016. Figures 

3a and 3b show the monthly values of 

temperature for 8 stations as a sample from 30 

stations. The stations were arranged from north 

to south. The analysis of the monthly time 

series for different stations leads to the 

following main results: 

1- The annual wave is the dominant wave at all 

stations. The amplitude of the annual wave at 

the northern stations is smaller than those in the 

southern stations. Generally, temperature 

values also increase from north to south. 

2- The lowest values of temperature occur more 

in the northern stations and they increase 

gradually from north to south. This can be seen 

by comparing the time series of Alexandria (3a) 

with the corresponding time series of Aswan 

(3b). 

 

 

Fig. 3a: The monthly values of mean temperature 

during the available period at the stations Alexandria, 

Cairo, Ras Sedr and El-Tor. 

3-The maximum of monthly mean temperature 

value over Egypt stations is 37.5 °C, it occurs 

at Aswan in the year 2015 , while the minimum 
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of mean monthly temperature value is 8.3 °C, it 

appears at Ras-Elnakab in the year 2002 . 

4 - Positive trends have a persistent feature and 

occur at all stations. 

Fig. 3b: The monthly mean temperature during the 

available period at Hurghada, Souhag, Luxor and 

Aswan stations. 

5- The monthly mean temperature values of the 

northern stations time series range nearly from 

10 oC to 30 oC, while for the southern stations it 

ranges from 10 oC to 35 oC. 

6- A relatively large number of mean 

temperature minima occurred at most stations 

in the years 1967, 1983 and 1989, while a 

relatively large number of mean temperature 

maxima occurred at most stations in the years 

2010, 2014 and 2016.  

7- The lowest amplitude of the annual wave 

occurs at Alexandria station, while the highest 

amplitude occurs at Aswan station. 

 In this section also, we will show and 

discuss the values of monthly mean 

temperature averaged along the period (1960-

2016) for each month from December to May 

over Egypt stations. For figures 4a-4b, we will 

show the results here starting from the northern 

to the southern stations. It is clear that the 

minimum values of mean temperature appear 

during the winter months (Dec, Jan and Feb). 

The maximum values of mean temperature at 

each station appear in the summer months (Jun, 

Jul and Aug). It can be seen that the 

temperature values start to increase gradually 

from March to reach a maximum in July then 

decrease gradually to reach a minimum in 

December. Also, it is interesting to note that the 

temperature values are a function of latitude. 

This can be seen from the temperature values 

from north to south for each month. The 

temperature difference between northern and 

southern part of Egypt reaches 5 oC in January, 

while it reaches to 9 oC in July. Therefore, it 

can be said that the difference in summer 

season is greater than the difference in winter 

season. The reason for the displacement of the 

thermal depressions toward North in the 

summer season, which significantly heats the 

land but, north of Egypt, is affected by 

Mediterranean Sea, so the difference in average 

temperatures is relatively large, While in the 

winter season, the land is cooled down 

significantly, where the coastal region is 

affected by sea surface temperature of 

Mediterranean Sea, so that the difference is 

small in winter season. Also, the annual cycle 

(months of year) for north Egypt in summer 

season have maximum temperature in August 

month and minimum temperature occurs in 

January month. Also, in summer season the 

annual cycle for south Egypt have maximum 

temperature in July month and minimum 

temperature in January month. 
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Fig. 4a: The values of monthly mean temperature averaged along the period (1960-2016) for each 

month from December to May at all the Egyptian stations. 
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Fig. 4b: The values of monthly mean temperature averaged along the period (1960-2016) for each 

month from June to November at all the Egyptian stations. 
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3.4 Seasonal and annual analysis. 

In the climatic seasons and annual we 

observe a different tendency of changes in air 

temperature. Figure 5 shows the average of the 

seasonal and annual air temperature distribution 

over the period 1960-2016 over Egypt. Figure 5 

shows that the maximum values of mean 

temperature occur in summer season while the 

lowest values of temperature occur in winter 

season. The second maximum values of mean 

temperature occur in autumn season. Also, the 

seasonal and annual values of mean 

temperature is a function of latitude and 

increase gradually from north to south of 

Egypt. 

  

 

 

Fig. 5:  Seasonal and annual temperature 

averaged for the period (1960-2016) at 

Egyptian stations. 
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In winter (DJF), highest mean temperature 
up to 18°C is found over the south east of 

Egypt. Lowest mean temperature up to 12°C is 

found over the north east of Sinai. Mean 
temperatures increase from around 13°C on the 

Mediterranean coastline to around 13.5°C and 

increase from 14°C to 19°C on the Red Sea 
coastline. The difference between the values of 

mean temperature in the north and the south of 

Egypt reaches about 5°C in winter. In Spring 
(MAM), highest mean temperature up to 28°C 

is found over the south east of Egypt. Mean 

temperatures have a large gradient along 
Mediterranean and Red Sea coastlines, about  

21°C at Cairo and 27°C south at Aswan. The 

difference between the values of mean 
temperature in the north and the south of Egypt 

reaches 8°C in spring. In Summer (JJA), 

highest mean temperature up to 35°C is found 
over the south east of Egypt. Mean 
temperatures increase around 26°C on the 

Mediterranean coastline and gradient about 6°C 
along the Red Sea coastline. The difference 
between the values of mean temperature in the 

north and the south of Egypt reaches about 9°C 
in summer. In Autumn (SON), highest mean 
temperature up to 28.5°C is found over the 

south east of Egypt. Mean temperature increase 
around 22.5°C on the Mediterranean coastline 
and gradient about 5°C along on the Red Sea 

coastline. The difference between the values of 
mean temperature in the north and the south of 
Egypt reaches about 6°C in autumn. Also, 

annual mean temperature  has minimum value 
of 20.5°C at the Mediterranean coastline and 

maximum value of 27°C south at Aswan. The 
difference between the values of mean annual 
temperature in the north and the south of Egypt 

is about 7.5°C. 

3.5 Trend analysis 

3.5.1 Monthly Temperature Trend 

The results obtained from the trend values 

of the monthly temperature of Egypt stations by 
least square  method over the analyzed period 

(1960–2016) is shown in figure 6. It is clear 

that a general dominating positive temperature 
trend over Egypt and trend values increase 

gradually from north to south Egypt with rate 

of change varying from 0.09 to 0.48 °C /month. 
Where the higher rate of change occurs at 

South East of Egypt by about 0.48 °C /month 

but lower rate of change occurs at North West 

of Egypt and North East of Sinai by about 
0.09°C /month. 

 
Fig. 6: The trend values of the monthly 

temperature of Egypt stations by least 

square method. 

This indicates that the warm trend occurs 

generally in South of Egypt, while the cold 
trend occurs generally in north of Egypt 
compared to warm trend in south. Relative 

cooling trend in the north is due to the 
Mediterranean depressions accompanying the 
northern wind in most time of the year, while 

the warm trend in the south is due to Sudan 
monsoon low, which is accompanied by hot 
south-eastern wind most time of the year. 
Where the Sudan monsoon low intensifies 
towards the north and supplies the eastern 

Egypt with a warm south-easterly wind in 

many cases. 

3.5.2 Seasonal and Annual Temperature       

Trends 

Mann Kendall test is a statistical test 
widely used for the analysis of trend in 

climatologic and in hydrologic time series. 

There are two advantages of using this test. 
First, it is a non-parametric test and does not 

require the data to be normally distributed. 

Second, the test has low sensitivity to abrupt 
breaks due to inhomogeneous time series. 

Table 3 shows the M–K statistics for study 

stations in Egypt for winter, spring, summer, 
autumn seasons and annual of mean 

temperature during the period 1960-2016. In 

winter season the mean temperature shows an 
increasing trend for all stations except El- Arish 
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and Asyut Ap. Also, in winter season the mean 

temperature is statistically significant at 95% 
confidence level for all stations except Mersa-
Matruh, Alexandria, Helwan, Beni Suef, 

Baharia and Aswan stations. 

Table 3. Mann-Kendall trend of seasonal and 

annual mean temperature for study stations over 

Egypt. 

No 
Station 

name 

Trend 57 year length 
Win Spr Sum Aut Yr 

1 Baltim 0.49 * 0.27 * 0.45 * 0.49 * 0.50 * 

2 Port Said 0.30 * 0.24 * 0.40 * 0.38 * 0.31 * 

3 
Mersa-  

Matruh 
0.32 ** 0.20 * 0.35 * 0.46 * 0.46 * 

4 Alexandria 0.21 ** 0.24 * 0.48 * 0.38 * 0.42 * 

5 
El Arish 

Ap 
-0.30 * -0.12* 

0.24 * 0.04 * 
-

0.05 * 

6 Tanta 0.22 * 0.20 * 0.32 * 0.32 * 0.25 * 

7 Tahrir 0.31 * 0.24 * 0.36 * 0.34 * 0.33 * 

8 
Ismailia 

AP 
0.32 * 0.37 * 0.55 * 0.43 * 0.46 * 

9 Dabaa 0.18 * -0.10 * -0.04 * 0.14 * 0.01 * 

10 
Wadi-

Elnatroon 
0.35 * 0.14 * 0.30 * 0.30 * 0.35 * 

11 Cairo AP 0.30 * 0.30 * 0.56 * 0.44 * 0.48 * 

12 El-Suez 0.19* 0.22** 0.48* 0.32* 0.36* 

13 Helwan 0.12** 0.15* 0.41* 0.28** 0.33* 

14 Ras-Sedr 0.23 * 0.21 * 0.48 * 0.37 * 0.40 * 

15 
Ras- 

Elnakab 
0.04* 0.09** 0.35* 0.15** 0.19* 

16 Beni Suef 0.13** 0.14** 0.42* 0.22** 0.29* 

17 Siwa 0.45* 0.39** 0.46* 0.46* 0.58* 

18 Baharia 0.27** 0.22** 0.38* 0.29** 0.39* 

19 El-Tor 0.45 * 0.23 ** -0.01 * 0.46 * 0.47 * 

20 Minya 0.25* 0.18* 0.48* 0.38* 0.41* 

21 
Sharm El-

Sheikh 
0.42* 0.08* 0.28* 0.34* 0.27* 

22 Hurghada 0.15 * 0.24 ** 0.50 * 0.25 ** 0.40 * 

23 
Hurghada 

AP 
0.47* 0.17* 0.42* 0.42* 0.54* 

24 Farafra 0.32* 0.22* 0.45* 0.32** 0.51* 

25 Asyut AP -0.01* 0.17* 0.47* 0.17* 0.25* 

26 Sohag 0.29 * 0.46 * 0.59 * 0.37 ** 0.55 * 

27 Luxor 0.29 * 0.36 ** 0.54 * 0.30 ** 0.47 * 

28 
Al-Kharga 

(Ag) 
0.34* 0.27* 0.51** 0.38** 0.52* 

29 Al-Dakhla 0.48* 0.41* 0.52* 0.51* 0.62* 

30 Aswan 0.27 ** 0.40 * 0.56 * 0.37 ** 0.52 * 

 * Significant at 95% confidence level. 
** Non-Significant at 95% confidence level 

In spring season it is noted that the mean 

temperature shows an increasing trend for all 

stations except El-Arish AP and Dabaa, 
significant trend for all stations except El-Suez, 

Ras-Elnakab, Beni Suef, Siwa, Baharia, El-Tor, 

Hurghada and Luxor stations. In summer 
season the mean temperature also shows an 

increasing trend for all stations except El-Tor 

and Dabaa stations have a negative trend, 
significant at P < 0.05 level for all stations 

except Kharga (Ag) station. In autumn season 

the mean temperature shows an increasing 
trend for all stations, significant trend for all 
stations except Helwan, Ras- Elnakab, Beni 

Suef, Baharia, Hurghada, Sohag, Luxor, Kharga 
(Ag), Farafra and Aswan stations. The Mann–
Kendall test of the mean annual temperature 

confirmed that the positive trend (warming) for 
all stations except El Arish AP, Also, trend is 

significant at 95% confidence level for study 

stations over Egypt. 

3.6 Coefficient of variation 

In order to obtain a clear and representative 

analysis of temperature in Egypt, the COV is 
adopted to assess the durability and stability of 

the temperature regime at all Egyptian stations. 

The COV is a good way to evaluate variability 
of temperature. Also, the COV offers an 

indication of the reliability of the average. The 

higher the COV, the less reliable the average is; 
and the lower the COV, the more dependable 
the average is. 

Figure 7 shows the Coefficient of 
variation’s distribution of winter, spring, 
summer, autumn and annual temperature over 

Egypt. Generally, it is clear that COV values of 
winter temperature are greater than those 
corresponding to summer, spring, autumn and 

annual values. Therefore, the winter 
temperature is less stable than the other seasons 
over Egypt. Generally the winter temperature 

COV increases gradually from north to south of 
Egypt. The higher values of COV occur at 

southwest of Egypt especially over the western 

desert region then Al-kharga and Al-Dakhla 
stations. The lower values of the COV of 

winter occur at the northwest of Egypt. It is 

clear that COV values increase gradually from 
south to north along the edge Red Sea 

coastline. It is clear that high variability of 

COV in spring temperature is observed over the 
north western and middle area of Egypt 

(Mersa-Matruh, Dabaa, Tanta, Tahrir, Ismailia 

AP, Wadi-Elnatroon, Cairo AP, Ras-Sedr, Ras-
Elnakab and Beni Suef. It is clear that the low 

values of COV in spring temperature appear in 

the south of Egypt. It is clear that the values of 
summer temperature COV generally decrease 

from the north of Egypt to the south of Egypt. 

The values of summer temperature COV are 
lower than those corresponding to the other 

seasons. Therefore, the summer temperature is 

more stable than the other seasons over Egypt. 
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The highest values are observed over the north 
of Egypt, while the lowest values are observed 

over south east of Egypt. Summer COV values 

range from 3.2% at north stations to 2.3% at 
south stations. The COV values for autumn 

temperature are displayed and it is clear that the 

COV varies from area to area, where high 
values are observed over the south west area, 

especially in Asyut AP, Souhag, Al-Dakhla and 

Al-Kharga and COV values reaches about 4.7% 
at these stations. While, low values appear in 

the middle of Egypt especially at Beni Suef 

(3.2%). The annual distribution of COV values 
shows that the high variability exists at the 

south west area of Egypt especially in Al-

Dakhla and Al-Kharga stations. Finally, the 
south west of Egypt has high variability at most 

seasons. 

 

 

Fig.7: The coefficient of variation of 

winter, spring, summer, autumn and 

annual temperature during (1960-2016) 

over Egypt. 
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3.7 Spatial distribution of monthly 

temperature. 

Figures 8a and 8b show the spatial 

distribution of temperature average (1960 – 

2016) for each month of the year using 

NCEP/NCAR Reanalysis data. The main 

results from these two figures can be 

summarized as follows: 

-  The lowest temperature values occur 

north of 25oN during the winter and spring 

months while the highest temperature values 

occur in the south and southeast of Egypt. 

- Generally, temperature is seen to increase 

gradually with latitude from north to south. 

Latitudinal gradients of temperature are strong 

in winter and spring months, especially north of 

20°N. Latitudinal gradients in winter and spring 

months are around 2-3 times larger than those 

of the summer and autumn months. Despite the 

difference in latitudinal gradient in temperature, 

the region south of 20°N exhibits a small 

gradient of temperature in winter and spring 

months. 

- With the beginning of May the values of 

temperature start increasing gradually from 

south to north where we found that the values 

in the middle and south of Egypt are greater 

than those of the previous months. This 

situation pertains also in June.  

- The highest values of temperature in 

winter and spring months occur in the south, 

especially in the southeast of Egypt. The 

difference between the values of temperature in 

the north and the south of Egypt reaches 9 °C 

in summer and 8 °C in spring. 

- The effect of the Red Sea and the Red Sea 

trough can be detected from the distribution of 

temperature over the Red Sea throughout the 

months of the year. The climatological 

distribution of temperature throughout the 

months of the year reflects the effect of 

meteorological factors and pressure systems 

affecting the weather and climate of our area. 

The strong latitudinal gradient of temperature 

with the increase of its quantity over the north 

of Egypt in winter and spring is due to mid-

latitude traveling depressions from west to east 

that affects the weather during this time.  

- Fig. 8a and 8b also show that the Sudan 

low is associated with temperature above 30 °C 

during the transitional seasons. 

- In the summer, the temperature of the 

middle and Eastern part of Egypt changes in 

association with the west- east movement of the 

Indian Monsoon low.  

The synoptic circulation over Egypt is 

complicated and is the result of a combination 

of different pressure systems. The spatial 

distribution of surface temperature throughout 

the months of the year is associated with mean 

sea level pressure. So, the monthly temperature 

of any area is associated with the dominant 

pressure systems affecting the weather and 

climate of that area. The dominant pressure 

systems affecting the climate of Egypt are the 

Siberian high, the Sub-tropical high, the 

easterly trough which is an extension of the 

Indian Monsoon low, and the Red Sea trough 

which is the extension of the Sudan Monsoon 

low. Now we will illustrate the monthly spatial 

distribution of temperature in association with 

the movement and oscillation of these pressure 

systems during the months of the year. The Red 

sea trough is considered as an extension of the 

Sudan low. So, the northward or southward 

oscillation of the Red sea trough arises from the 

northward or southward oscillations of the 

Sudan low. The mean position of the Sudan 

low has changed from season to season; these 

changes in the mean position of the low are 

also dynamical [37]. In other words, they are 

not only due to thermal effects between land 

and sea, but also due to the general wind 

system. In autumn they cause the spreading out 

of heat waves and thundery conditions over the 

northeast areas of its center of action. (El-

Fandy, 1948) provides a nice illustration of 

how the so-called small oscillations accompany 

the passage of troughs of low pressure, or 

secondaries, associated with depressions 

traveling further north and east over the Eastern 

Mediterranean, Eastern Europe and eastern part 

of Arabian Peninsula. The Siberian high (in 

winter) is centered over Kazakhstan with a 

maximum pressure of more than 1028 hPa over 

(47°N, 70°E). Its south extension covers north 

east Africa and the east Mediterranean and 

brings cold air to this area. The minimum 

temperature at its center is -5°C. The situation 

of the Siberian high in spring is somewhat like 

that during winter, but actually the Siberian 

high becomes weakened and its center moves 

north eastward. During summer more 

weakening and north east movement of the 
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Siberian high occurs, which is associated with 

an increase of temperature in the areas of 

retreat. 

In autumn the Siberian high builds, up and 

moves gradually south westward. Its maximum 

pressure appears at (46°N, 68°E) and is more 

than 1022 hPa. This situation is associated with 

a decrease of temperature and relative humidity 

over the area covered by the Siberian high. The 

movement and oscillation of the surface 

subtropical high is associated with the 

movement and oscillation of the Siberian high. 

It can be noticed that when the Siberian high 

moves north eastward the subtropical high 

 

Fig. 8a: The spatial distribution of the monthly means temperature average along the period (1960-

2016) in ºC during winter and spring months (December to May) 
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moves and extends eastward reaching north 

east Africa and the east Mediterranean. This 

situation occurs during the summer season. On 

the other hand, during the winter season the 

surface subtropical high moves westward and 

our area is affected by this extension. 

The Indian monsoon low may be 

considered as being one of the most important 

systems affecting the weather of Egypt. We 

will introduce firstly the Monsoon circulation 

and secondly the Asian (Indian) Monsoon.  The 

prime cause of Monsoon circulation is the 

thermal direct cell resulting from surface 

temperature differences between ocean and 

land. This type of circulation can only become 

 

Fig. 8b:  Same as in Fig. 8a but for summer and autumn months (June to November). 
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well established in approximately barotropic 

conditions and where there is a favorable 

distribution of land and sea. Thus, although a 

summer monsoon type circulation will develop 

over most tropical regions in most of those 

areas, the circulation is overshadowed by other 

features and may not be accompanied by the 

necessary winter time reversal of wind 

direction, which is required for a true monsoon 

regime. In general, it is only the continent of 

Asia that displays large areas of monsoon 

climate. 

The Indian monsoon is itself a result of a 

complex interaction between the distribution of 

land and water, topography and tropical and 

mid-latitude circulations. It is the simplest 

model which is a good first approximation to 

the summer circulation pattern, with low 

pressure centers over the northern part of the 

Indian sub-continent and northern Southeast 

Asia. Warm moist air is drawn into the 

thermally created low pressure areas of the 

continental interior, where it rises releasing 

both precipitations, to create the wet season, 

and latent heat to provide the energy necessary 

to continue the system over the ocean and 

compensating for the descent of cold dry air.  

Once this pattern is established, the on-shore 

winds bring the monsoon rains. The moisture 

laden winds are highly susceptible to 

orographic influences, so that the coastlands of 

India for example, which are backed by 

mountain ranges, receive the most rainfall. The 

interior of course also receives rain, since the 

whole area is one of rising air. The Himalayas 

effectively provide a barrier to the north, 

confining the circulation to the area south of 

this mountain chain [39]. 

5. CONCLUSION  

The temperature analysis and variability 

have been studied in this paper. It is found that 

the temperature is a function of latitude where 

it increases gradually from north to south of 

Egypt. The annual cycle is the dominant feature 

at all stations. Its amplitude for the northern 

stations is smaller than those for the southern 

stations. The range between the monthly values 

of the northern stations (20 oC) is smaller than 

that in the southern stations (25 oC). Minimum 

values of temperatures are relatively more 

frequent at all stations in the years of 1967, 

1983 and 1989. Similarly but for a different 

attribute, a relatively more occurrences of 

maximum values of temperature at most 

stations have been observed in the years of 

2010, 2014 and 2016. 

The analyses of the monthly temperature 

for the Egypt stations indicate that the values of 

temperature start to increase gradually from 

March to reach the maximum in July. The 

values then decrease gradually to the minimum 

values in December. The difference between 

the average values of some months in the 

southern stations and in the northern stations is 

recorded as high as 10 oC.  

An evaluation of the spatial distribution of 

the monthly average of temperature (1960 – 

2016) for each month has also been undertaken. 

Generally, it is found that the temperature is 

seen to increase with latitude. Latitudinal 

gradients in temperature are strong in winter 

and spring seasons, especially towards the 

north of latitude 20oN. Latitudinal gradients in 

winter and spring seasons are 2-3 times much 

stronger than during the summer and autumn 

seasons. The highest values of temperature in 

winter and spring seasons occur in the south, 

especially in the southeast of Egypt. The 

difference between the values of temperature in 

the north and the south of Egypt are measured 

at 5oC and 8oC during the winter and spring 

respectively. 

The effect of the Red Sea and Red Sea 

troughs can be detected from the distribution of 

temperature over the Red Sea throughout the 

year. The climatological distribution of 

temperature throughout the year reflects the 

effect of meteorological factors and pressure 

systems affecting the weather and climate in 

the studied region. The strong latitudinal 

gradient of temperature, with particular 

increase over the north of Egypt in winter and 

spring, is generated by the mid-latitude 

travelling depressions from west to east that 
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affect the weather during this period. In the 

summer the warmest areas of Egypt are the 

middle and the southern parts of the eastern 

section. 
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 تحليل درجة الحرارة فوق مصر

 ا.د/ حشمت عبدالباسط محمد و السعيد حسن جاد و محروس د/ محمد عيد 

 مصر - القاهره -ر  جامعة الأزه -كلية العلوم )بنين(  -قسم الفلك والأرصاد الجوية  

 

 الملخص 
م قيييي  خيييار ث فيييذ  يييحث ثم تيييل قيييد قتت ييير رييي د ريةيييلف ثمتييييثيو ثمفيييمي    ثم  يييت    ثم ييي     فييي     يييي

.  رييير  ةييير غي ثمق  يييي فيييذ ريةييي  ثمتييييثيو رثمييي  فيييذ ر ث يييي ثم يييي   ت يييل قييي رثر رييي د (1960-2016)
ريةييلف ثمتيييثيو قييري ة لل  ييي ثمفيي لر .مييذ ثمة يي م.  غقلييو غي ثم  ةيي  ثم يي      ييذ ثم  ةيي  ثم  يي  يو 
عتييج ة  ييط  ت ييلف   ييي   غي  يي    ييح  ثم  ةيي  مت ت ييلف ثمقييذ قرييط فييذ فيي لر   ييي غ يي ي  ييي 

ثمقذ  ة   مل.  رر قد غ لل فذ  حث ثم تل قتت ر ثمق   ط ثم كيل ذ ثففريذ م ق  ي  ريةيلف ثمتييثيو قتك 
د.  رييير  ةييير غي ثمقيييري  2016د .ميييج 1960عتيييج  ريييل  فييي ك  مكييير فيييمي  يييي فيييم ي ثم ييي   مت قييييو  يييي 

ثم ييي  كييلي غريي م  ييل   كييي فييذ ف ييتذ ثمفييقلع  ثمي  ييط  خل يي  عتييج فيي لر  ثمتيييثيب  لم  يي   ميير ث ي
ي  ق ة  م ي ي ثم  خ للف ثم  ليو  ي ثم يم .مذ ثمفي    ثمقذ قؤثي عتج  رس   ي فذ  يح    

ثم قيو.   غظمي     ثمق   ط ثم  لخذ مريةلف ثمتيثيو خيار فيم ي ثم ي   تيكي   ح ح ي  غ ظ ي  ثملي   
ثمةييي ب ثم يييؤثيو عتيييج  ريييس    يييل.    رييي  ثمريث ييي .  ك يييل  ةييير غي غكثيييي ثم  يييل   ق يييخ  لل فيييذ ف ييير 

 م  ف ثم   ر  ثم   ذ  ثمة      ثمفير    ي   ي.  ث
 


