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Abstract: The relationship between the NAO index and ENSO and the mean surface air temperature over Egypt has been 

investigated. The NCEP/NCAR reanalysis data of the monthly mean surface air temperature over Egypt for the period 

(1948-2005) have been used in this study. The corresponding monthly mean values of NAO index, SOI, and El-Nino3 

have been also used. Monte Carlo methodology as a linear correlation analysis has been used to obtain the correlation co-

efficient between the mean surface air temperature over Egypt and NAO, SOI, and El-Nino3 through the period (1948-

2005). The results show that surface air temperature in Egypt is significantly correlated with the climatic index NAO and 

ENSO only for a south western part of Egypt. There is a significant negative correlation (-0.6) between surface air tem-

perature over south west part of Egypt in winter season and NAO index. The relationship between EL-Nino3 and surface 

air temperature has contradicted the relationship with SOI. Whereas, a significant positive correlation (+0.6) between sur-

face air temperature over south west part of Egypt and EL-Nino3 in autumn season. Surface air temperature correlated 

with SOI by a significant negative correlation (-0.5) during the same season over south west of Egypt. It is concluded that 

the surface air temperature is significantly correlated with NAO index and ENSO over the south west part of Egypt. 
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1. INTRODUCTION 

 The North Atlantic Oscillation (NAO) is one of the major 
modes of variability of the Northern Hemisphere atmos-
phere. The NAO index is defined as the pressure gradient 
between Greenland and the Azores and describes the zonal-
ity of the flow in the North Atlantic region. i.e., NAO is the 
difference of the normalized sea level pressures between 
Ponta Delgada, Azores and Reykjavik, Iceland. A permanent 
low-pressure system over Iceland (the Icelandic Low) and a 
permanent high-pressure system over the Azores (the Azores 
High) control the direction and strength of westerly winds 
into Europe. The relative strengths and positions of these 
systems vary from year to year and this variation is known as 
the NAO. A large difference in the pressure at the two loca-
tions (a high index year, denoted NAO+) leads to increased 
westerlies and, consequently, cool summers and mild and 
wet winters in Central Europe and its Atlantic facade. In 
contrast, if the index is low (NAO-), westerlies are sup-
pressed, these areas suffer cold winters and storms track 
southerly toward the Mediterranean Sea. 

 The NAO can be seen as a reflection of the fluctuation of 
the normal winter tropospheric flow in the northern hemi-
sphere [1-7]. Many studies revealed that ENSO influences 
the climate in many regions around the globe. The variations 
in low-latitude circulation and extreme climatic events in the 
tropical Americas, global and regional scale precipitation 
patterns associated with the El Nino/Southern Oscillation 
have been also investigated in many studies [8-12]. 

 The Southern Oscillation Index (SOI) is defined as the 
difference between sea level pressure at Tahiti (145

o
W and  
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18
o
S) and Darwin (135

o
E and 16

o
S). SOI is coupled with 

EL-Nino3. Whereas, El-Nino is the name given to the phe-
nomenon, which occurs when sea-surface temperatures 
(SSTs) in the equatorial Pacific Ocean off the South Ameri-
can coast becomes warmer than normal. Nino3 is defined as 
the sea surface temperature at the Pacific Ocean in the region 
(90°W-150°W, 5°S-5°N) [13]. 

 Many scientific literatures show that the El Nino-
Southern Oscillation (ENSO) has a significant influence on 
climate in many parts of the globe [14] concluded that El 
Nino-Southern Oscillation and North Atlantic Oscillation 
control of climate in Puerto Rico. They examined the possi-
ble impact of ENSO on climatic patterns on the island of 
Puerto Rico in the Caribbean. Their result revealed that the 
annual mean air temperatures were controlled by ENSO. 
They also found that, during years of a high winter NAO 
index, the annual precipitation in Puerto Rico was lower than 
average. Another literatures studied the atmospheric relation-
ship and wintertime temperature and precipitation in the 
Eastern Mediterranean region including Egypt e.g. [15-17]. 
Almost of the previous studies of the surface temperature 
fluctuations over Egypt had used the station data. Unfortu-
nately, the available station data of the surface temperature 
for Egypt is not homogenous and not caver all of Egypt. 

 Although many statistical connections between El 
Nino/Southern Oscillation (ENSO) events and climatic im-
pacts around the world have been found, [9-12, 14, 18-25], 
the effect of ENSO on mean surface air temperature over 
Egypt did not investigate yet. The present work aims to in-
vestigate the connection between the seasonal and annual 
mean surface air temperature over Egypt with climatic indi-
ces NAO, El-Nino3 and SOI through the period of (1948-
2005). Whereas, determination of the areas of Egypt that 
influenced by the climatic changes are very important of 
sustainable development processes in Egypt. 
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2. DATA 

 The NCEP/NCAR Reanalysis project is using a state-of-
the-art analysis/forecast system to perform data assimilation 
using past data from 1948 to 2005. Data of the monthly 
mean surface air temperature composite over Egypt have 
been obtained for the period (1948-2005) from the Web site 
http: //www.cdc.noaa.gov/. The data has been provided by 
the NOAA/OAR/ESRL PSD, Boulder, Colorado, USA, and 
[26]. Furthermore, the corresponding monthly mean values 
of NAO index, SOI, and El-Nino3 have been obtained from 
the same web site and also used in the present work. 

3. METHODOLOGY 

A. Calculation of Seasonal and Annual Averages 

 For each grid point in the domain of Egypt, seasonal and 
annual averages for surface temperature have been calculated 
using of the NCEP/NECAR reanalysis monthly data sets and 
using of statistical mean average (i.e. (Dec. + Jan.+ Feb.)/3) 
for winter season, mean of Mar., Apr., and May months for 
spring and so on for summer and autumn seasons through the 
period of (1948-2005). The annual composite mean comes 
from the statistical mean for 12 months from Jan. to Dec. for 
the period of study. The seasonal and annual values of NAO 
index, SOI, and El-Nino3 have been calculated in the same 
manner; in fact ENSO phenomenon is the combination of 
SOI and El-Nino3. 

B. Anomalies Methodology 

 The anomaly in the mean surface air temperature (sea-
sonal or annual) is (A´) for each grid point in the domain of 
study through the period of study (1948-2005). This anomaly 
is calculated as the difference of the mean of (seasonal or 
annual) surface air temperature (A) and its climatic mean 
value ( ) for each grid point. Whereas, the climatic mean 
values for the surface air temperature have been taken 
through the period (1968-1996). 

C. Local Significance and Calculation of Correlation Pat-
terns 

 For a given seasonally and annually resolved means sur-
face air temperature time series at each grid point is corre-
lated with the climatic index (NAO, El-Nino3 and SOI) time 
series. Each grid point correlation is t-tested for local signifi-
cance using [27], allowing for temporal autocorrelation ac-
cording to [28] method. For field significance, the areal ex-
tent of locally significant correlations in a correlation map 

must exceed the areal extent that can be expected by chance. 
To estimate the correlation, we use the Monte Carlo method-
ology. The field-significance statistic is the area-weighted 
average absolute correlation of a given correlation maps 
(considering only the locally significant correlations). The 
field-significance threshold is the 95th percentile of a 1000-
member Monte-Carlo population. 

D. Linear Correlation Method 

 For a linear correlation analysis of the climatic indices 
NAO, SOI, and El-Nino3 datasets and the mean surface air 
temperature over Egypt during the study period (1948-2005), 
the methodology of Monte Carlo has been used [28]. Based 
on this methodology a correlation of +/-0.3 would be signifi-
cant. These significance levels are local for a resolution of 
144x73 grid points (the resolution of the temperature 
dataset). One would assume at least 0.05 x (144*73) =526 
grids would be significant by chance at the one-sided 95% 
level (At website http: //www.cdc.noaa.gov/Correlation/ sig-
nificance.html). 

4. RESULTS 

 The seasonal and annual surface air temperatures over 
Egypt have been analyzed. The distribution of maximum and 
minimum seasonal and annual mean surface air temperatures 
composite and their locations over Egypt during the period 
1948-2005 have been given in Table 1 and Fig. (1). In fact 
the distribution of maximum and minimum temperature is 
very important for determine the more convenient regions 
for economy and agriculture development process in Egypt. 
It was observed that the mean surface air varies from season 
to season during the study period. The maximum seasonal 
mean air temperature (33

o
C) has been occurred during sum-

mer season at the south east part of Egypt. Meanwhile, the 
minimum seasonal mean air temperature (11

o
C) has been 

occurred during winter season at the north east part of Egypt. 
The ranges of seasonal air temperature value are (11 and 
19

o
C), (18 and 26

o
C), (25 and 33

o
C), (20 and 28

o
C), and (20 

and 27
o
C) during winter, spring, summer, autumn and annual 

respectively, (Table 1 and Fig. (1)). 

 The analysis of the surface air temperature using of 
anomalies methodology can approaches the climatic changes 
and may be it is more liable rather than Principal Component 
Analysis (PCA) or the time series methodologies to observe 
regional warming and cool changes in Egypt through the 
whole period of study. Table 2 and Fig. (2) show the  
 
 

Table 1. The Distribution of Maximum and Minimum Seasonal and Annual Mean Surface Air Temperature Composite and their 

Locations over Egypt during the Period 1948-2005 

 

Minimum Temperature Maximum Temperature 

Location in Egypt Value (
o
C) Location in Egypt Value (

o
C) 

Temperature Season 

North East 11 South East 19 Winter 

North 18 South 26 Spring 

North 25 South East 33 Summer 

North East 20 South East 28 Autumn 

North 20 South East 27 Annual 
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    (a)       (b) 

   

    (c)       (d) 

   

(e) 

  

Fig. (1). The distribution of seasonal and annual mean surface air temperature composite over Egypt during the period 1948-2005. (a) Win-

ter, (b) Spring, (c) Summer, (d) Autumn and (e) Annual. 
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       (a)       (b) 

   

    (c)       (d) 

   

(e) 

  

Fig. (2). The distribution of seasonal and annual mean surface air temperature composite anomalies over Egypt during the period 1948-2005. 

(a) Winter, (b) Spring, (c) Summer, (d) Autumn and (e) Annual. 
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distribution of seasonal and annual mean surface air tem-
perature composite anomalies and their locations over Egypt 
during the study period 1948-2005. It is noticed that there is 
a distinct warming over most of the southern parts of Egypt 
while the northern parts are characterized by existence of 
cooling. The maximum warming (+1.2

o
C) has been found 

during both summer and autumn seasons over south and 
south-west parts respectively while the maximum cooling  
(-0.4

o
C) has been found during winter season over north and 

east parts of Egypt. Furthermore, the annual mean of maxi-
mum positive anomalies (+0.8

o
C) observed over the southern 

Egypt. Annual mean value of maximum positive (+0.8
o
C) 

and minimum negative (-0.1
o
C) anomalies occur mainly over 

south and north parts of Egypt respectively. The contradict-
ing in the annual mean surface air temperature anomalies 
verifies the above obtained results. 

4.1. Relationship between the Mean Surface Air Tem-

perature over Egypt and NAO Index 

 In general, the North Atlantic Oscillations are telecon-
nected with the climatic fluctuations over the northern Hemi-
sphere [6,7,14,29-33]. For Egypt, Table 3 and Fig. (3) show 
the correlation coefficient between the seasonal and annual 
mean surface air temperature composite and the NAO index 
during the period 1948-2005. The results revealed that an exis-
tence of significant negative correlations between the seasonal 
mean surface air temperature and NAO. In addition to that, a 
significant negative correlation (-0.6) has been found during 
winter season over south west part of Egypt (0.6 correlation 
means that only 36% of variance is explained). There are an-
other two significant negative correlations (-0.3) over most 

eastern part of Egypt during summer and autumn seasons (0.3 
correlation means that only 9% of variance is explained). 
Meanwhile spring season characterized by weakness correla-
tion. Generally, there are non-significant annual correlations 
(+0.2) over North West and (-0.2) over south of Egypt. 

4.2. Relationship between the Mean Surface Air Tem-
perature over Egypt and ENSO 

 The correlation coefficient between the seasonal and an-
nual mean surface air temperature composite and EL-Nino3 
and SOI have been studied over Egypt during the period 
1948-2005. The results are tabulated in Tables 4 and 5 and 
illustrated by Figs. (4,5). However, Table 4 and Fig. (4) 
show the correlation coefficient between the seasonal and 
annual mean surface air temperature composite and EL-
Nino3 while Table 5 and Fig. (5) show the correlation coef-
ficient of air temperature with SOI over Egypt during the 
period 1948-2005. It is noticed that there is only one distinct 
significant correlation value of (+0.6) between surface air 
temperature and EL-Nino3 during autumn season over south 
western part. Meanwhile the values of correlation coeffi-
cients are non significant over other parts of Egypt. 

 In addition to that, it is observed from Table 5 and Fig. (5) 
that, the correlation values arranged between-0.5 and +0.3. 
Also, there existed two outstanding significant values of corre-
lations. First one with negative correlation (-0.5) has been 
found for autumn season over south west part while, second 
one has positive correlation (+0.3) observed for winter season 
over south east part. Other seasons have non-significant corre-
lation values arranged between-0.2 and +0.1 over the other 
parts of Egypt. 

 

Table 2. The Distribution of Positive and Negative of Seasonal and Annual Mean Surface Air Temperature Composite Anomalies 

and their Locations over Egypt during the Period 1948-2005 

 

Minimum Negative Maximum Positive 

Location in Egypt Value (
o
C) Location in Egypt Value (

o
C) 

Temperature Anomaly Season 

North-East -0.4 South West +0.5 Winter 

North -0.3 South +0.1 Spring 

North -0.2 South +1.2 Summer 

North West -0.1 South West +1.2 Autumn 

North -0.1 South +0.8 Annual 

Table 3. The Correlation Coefficient between the Seasonal and Annual Mean Surface Air Temperature Composite over Egypt and 

the NAO Index during the Period 1948-2005 

 

Negative Correlation Positive Correlation 

Location in Egypt NAO Index Location in Egypt NAO index 
Correlation Season 

South West -0.6* --- --- Winter 

East to Middle -0.2 South +0.1 Spring 

East -0.3* North West +0.1 Summer 

North East and South East -0.3* --- --- Autumn 

South -0.2 North West +0.2 Annual 

(---) Means that there is no positive correlation. 

(*) Means that there is a significant level > 95%. 
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    (a)       (b) 

   

    (c)       (d) 

   

(e) 

  

Fig. (3). The distribution of seasonal and annual correlation coefficient between the mean surface air temperature (
o
C) over Egypt and NAO 

index during the period 1948-2005. (a) Winter, (b) Spring, (c) Summer, (d) Autumn and (e) Annual. 
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5. DISCUSSION AND CONCLUSION 

 The present paper is a trial to investigate the relationship 
between the mean surface air temperature in Egypt and NAO 
index and SOI and El Nino3 using of the NCEP/NCAR 
reanalysis monthly data for the period (1949-2005). The 
anomalies methodology has been used to clarify the seasonal 
and annual warming and cooling parts of Egypt. However, 
the Monte Carlo methodology has been used to obtain the 
correlation coefficient values between the mean surface air 
temperature in Egypt and NAO index and ENSO. The results 
revealed that, the distribution of the seasonal and annual sur-
face air temperature varies from season to season and from 
part to part over Egypt. Whereas, the ranges of seasonal air 
temperature value are (11 and 19

o
C), (18 and 26

o
C), (25 and 

33
o
C), (20 and 28

o
C), and (20 and 27

o
C) during winter, 

spring, summer, autumn and annual respectively. It is clear 
that the range interval between the minimum and maximum 
mean surface temperature is much closed values for the four 
seasons and annual. In addition to that the annual distribution 
of mean surface temperature is near to the autumn distribu-
tion features. From anomalies analysis of the surface tem-
perature over Egypt, there is a distinct warming over most of 
the southern parts while the northern parts are characterized 
by existence of cooling. The maximum warming (+1.2

o
C) 

has been found during both summer and autumn seasons 
over south and south-west parts respectively. Meanwhile, the 
maximum cooling (-0.4

o
C) has been found during winter 

season over north and east parts. Furthermore, the annual  
 

mean of maximum positive anomalies (+0.8
o
C) is obtained 

over the southern part. These results revealed that there is a 
warming in the southern meanwhile cooling in the northern 
parts of Egypt. In fact Egypt lies under influence of two dif-
ferent weather regimes. Northern parts follow the Mediterra-
nean regime and the southern parts are following the sub-
tropical regime. The correlation coefficient between the sea-
sonal and annual mean surface air temperature composite 
and NAO, SOI, and El-Nina3 have been analyzed over 
Egypt during the period 1948-2005. A significant negative 
correlation (-0.6) has been found between NAO index and 
mean surface air temperature over south west part of Egypt 
during winter season. Meanwhile, this correlation has been 
found non significant for the other parts of Egypt during 
spring, summer and autumn seasons. This result reflects the 
influence of NAO on the weather regime in the northern part 
of Egypt in wintertime. There is only one distinct significant 
correlation value of (+0.6) between surface air temperature 
and EL-Nino3 during autumn season over south western 
part. This significant correlation in autumn may be clarified 
in the light of, the interaction between the tropical and sub-
tropical weather regimes at the south western part of Egypt 
more active in autumn seasons. Whereas the anomalies study 
of surface temperature shows a worming in the southern part 
of Egypt, and as known the El-Nino becomes more frequent 
in the last decades. For the correlation values arranged be-
tween-0.5 and +0.3. Also, there existed two outstanding sig-
nificant values of correlations. First one with negative corre-
lation (-0.5) has been found for autumn season over south  
 

Table 4. The Correlation Coefficient between the Seasonal and Annual Mean Surface Air Temperature Composite and EL-Nino3 

over Egypt during the Period 1948-2005 

 

Negative Correlation Positive Correlation 

Location in Egypt EL-Nino3 Location in Egypt EL-Nino3 
Correlation Season 

South East -0.2 All Egypt except South East +0.1 Winter 

All Egypt -0.2 --- --- Spring 

North and East -0.1 South West +0.2 Summer 

--- --- South West +0.6* Autumn 

All Egypt except South West -0.1 South West +0.2 Annual 

(---) Means that there is no positive correlation. 

(*) Means that there is a significant level > 95%. 

Table 5. The Correlation Coefficient between the Seasonal and Annual Mean Surface Air Temperature Composite and the SOI 

over Egypt during the Period 1948-2005 

 

Negative Correlation Positive Correlation 

Location in Egypt SOI Location in Egypt SOI 
Correlation Season 

West -0.1 South East +0.3* Winter 

North East to Middle -0.1 South and North West +0.1 Spring 

South West -0.2 South East +0.1 Summer 

South West -0.5*  South East +0.1 Autumn 

West -0.2 South East +0.1 Annual 

(*) Means that there is a significant level > 95%. 
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    (a)       (b) 

   

    (c)       (d) 

   

(e) 

  

Fig. (4). The distribution of seasonal and annual correlation coefficient between the surface air temperature (
o
C) over Egypt and EL-Nino3 

during the period 1948-2005. (a) Winter, (b) Spring, (c) Summer, (d) Autumn and (e) Annual. 



16    The Open Atmospheric Science Journal, 2008, Volume 2 Hafez and S.M. Robaa 

 

    (a)       (b) 

   

    (c)       (d) 

   

(e) 

  

Fig. (5). The distribution of seasonal and annual correlation coefficient between the mean surface air temperature (
o
C) over Egypt and SOI 

during the period 1948-2005. (a) Winter, (b)Spring, (c) Summer, (d) Autumn and (e) Annual. 
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west part while second one has positive correlation (+0.3) 
observed for winter season over south east part. Meanwhile, 
a significant negative correlation (-0.4) between SOI and the 
mean surface air temperature for autumn season has been 
found also over south west part of Egypt. One can concluded 
that, the correlation coefficient study, clarify that although 
the climatic indices NAO and ENSO influence the regional 
climate for several parts in the globe (as shown from se-
verely lecturers) the results of the present work revealed that 
the relationship between NAO index and ENSO and the 
mean surface air temperature is significant for only limited 
area of Egypt. These results may explained by the fact that 
the mean surface temperature in northern coast of Egypt af-
fected by the strong phase of NAO that occurs only in win-
tertime. Meanwhile, the temperature in southern parts of 
Egypt affected by the southern tropical oscillations repre-
sented in SOI and El-Nino3 particularly in autumn season. 
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