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ABSTRACT 
In this study, the variability and trends of the mean annual and seasonal surface air 
temperature in Greek peninsula are examined. The climatic data used, concern mean monthly 
values of air temperature of 20 meteorological stations of the Hellenic Meteorological Service, 
for the period 1951-2000. 
The air temperature time series for each station are analyzed, so that the variability and 
trends be described. Regarding the annual time series, a cooling trend is observed since the 
early 1960’s till the middle of the decade of 1970, when the trend reverses to heating till 
nowadays. It is remarkable that the today air temperature levels do not exceed the levels of 
the middle of the century. During the winter, it is crystal clear that a cooling trend exists from 
the middle of the decade of 1950 to the end of the decade of 1980, especially in the south 
region of the country. Afterwards an increasing trend is obvious till nowadays. The pattern in 
spring appears a slight heating trend in the northern region of Greece and a cooling trend in 
the south. The summer time series are similar to the annual ones, so the contribution of 
summer to annual variability is unquestionable. Generally speaking, the air temperature in 
autumn follows the same distribution in time. 
In the process, the Factor Analysis is applied on the mean annual and seasonal air 
temperature and thereafter the regions, within the air temperature covariates, are defined.  
Finally, the application of spectral analysis to annual and seasonal air temperature is 
regarded necessary so that the periodicities are derived.  
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1. INTRODUCTION 
At the last two decades a lot of research has been carried out, concerning the climatic 
fluctuations and trends of surface air temperature in different regions of the planet for various 
time periods, as well.  
It appears, therefore, that the global surface air temperature increases about 0.6 ± 0.2 °C 
during the twentieth century. The air temperature time series for the Northern Hemisphere 
seem to have the same rate of change (Jones et al., 2001; IPCC, 2001). In the Mediterranean 
region, the variations of air temperature for the last 100 years appear to be similar to the 
variations of temperature that have been recorded globally. In the region of Eastern 
Mediterranean, Repapis and Philandras, (1988) and Philandras (1994) showed that, the 
march of the mean annual air temperature is almost parallel to the respective one in the 
Northern Hemisphere, from the minimum that happens in the beginning of the 20th century up 
to the heating of 0.6 °C observed about the middle of the century and thereafter the cooling of 
the decades of 1960 and 1970, after small fluctuations. The cooling observed during this 
period in the Northern Hemisphere is inverted soon and since the beginning of the decade of 
1980 the air temperature exceeds the temperature levels corresponding to the middle of the 
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century. Concerning the Eastern Mediterranean, the cooling is more intense of about –0.6 °C 
and even if it is reversed since the decade of 1980, the last two or three years seems to reach 
the levels of temperature in the middle of the century. Sahsamanoglou and Makrogiannis 
(1992) have proved that, during the period 1950-1988, the air temperature in the region of 
Western Mediterranean presents positive trend of 0.01-0.02 °C/year and equivalent negative 
trend of 0.01-0.02 °C/year, in the region of Eastern Mediterranean, as a result of the small 
change in circulation observed in the region of Mediterranean during the examined period. 
Also, Metaxas et al., (1991) concluded to similar results after having examined the sea 
surface temperature time series for the region of Mediterranean. Piervitali et al., (1997) found 
that the mean air temperature in the Mediterranean and more specifically in the Central and 
Western Mediterranean presents an increase of about 0.80 °C/100 years. In the region of 
Greece, Giles and Flocas (1984) showed that, the annual and seasonal air temperature time 
series for the stations of Thessalonica and Larissa present negative trends for a time period 
of 80 years while the time series for Athens present negative trends only during the period 
1945-1981. Hasanean (2001) also found that, in Athens there is a rise (warming) of 
temperature during the period 1875-1940, and thereafter temperatures fall (cooling) until 
1991. Proedrou et al., (1997) have extracted similar results, examining the trends of the mean 
maximum and mean minimum air temperatures for 25 stations of Greece during the period 
1951-1993. They found a cooling trend in the annual time series, which is recovered since the 
middle of the decade 1970. Feidas et al., (2004) found that Greece, in general, shows a 
cooling trend in winter for the period 1955–2001, whereas, summer shows an overall warming 
trend, however, neither is statistically significant. As a result, the overall trend of the annual 
values is nearly zero. With regard to Athens, Founda et al., (2004) analyzed the 105-year 
(1897-2001) surface air temperature record of the National Observatory of Athens (NOA) and 
found a tendency towards warmer years, with significantly warmer summer and spring periods 
and slightly warmer winters (an increase of 1.23 and 0.34°C has been observed in the mean 
summer and mean winter temperature, respectively. According to a recent research of Michel 
and Hulme (2000), the mean annual air temperature was estimated for every country in our 
planet during 1901-1998. In the process, the linear trend for every country during 20th century 
was computed, and the trend for Greece is negative, -0.1 °C.    
In the present research, the time series of the mean annual and seasonal air temperature are 
examined during the period 1951-2000, aiming to study more specifically the structure of air 
temperature regime in Greece, in the decade 1990-2000, which marked the end of 20th 
century. 

 
2. DATA AND METHODOLOGY 
The mean monthly surface air temperature data were taken from 20 stations of the National 
Meteorological Service network covering uniformly the Greek region during the period 1951-
2000. The geographical distribution of the meteorological stations is depicted in Figure 1. The 
used data of these meteorological stations have been examined for homogeneity in the past 
(Proedrou et al. 1997, Lolis et al. 1999, Xoplaki et al. 2000, Feidas et al. 2004, Flocas et al. 
2005), using mainly the Alexandersson test (1986). Regarding the completeness of the air 
temperature records, only few missing values were found and were completed using the 
record of neighbouring stations with high correlation (r>0.8, 95% c.l.). 
As far as the trends of the air temperature time series are concerned, the Mann-Kendall rank 
statistic method was applied on the seasonal and annual air temperature time series (Mitchell, 
1966; Sneyers, 1975; Chu and Hastenrath, 1994). According to this criterion every term xi 
(i=1,N) is compared to all terms following. If ni is the number of terms which exceed xi, then 
the sum (1) is computed and in the process the statistical term τ (2) is accessed. Then, this 
statistical term is compared to (τ)t  (3).   

P=
Ν-1

ι
i 1

n
=
∑                      (1) 

τ 4P 1
Ν(Ν 1)

= −
−

                     (2) 
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(τ)t = 0±1.96 4Ν 10
9Ν(Ν 1)

+
−

                   (3) 

where 1.96 is the value for t at the probability point in the Gaussian distribution for 95% 
significant level and for the two-tailed test. 
In the process, the Factor Analysis (FA) was used, which is briefly discussed below.The main 
applications of FA are to reduce the number of variables and to detect structure in the 
relationships between variables, that is to classify variables. Therefore FA is applied as a data 
reduction or structure detection method. The data should have a bivariate normal distribution 
for each pair of variables, and observations should be independent. Therefore each of the p 
initial variables X1, X2, …, Xp can be expressed as a linear function of m (m<p) uncorrelated 
factors: Xi = ai1F1 + ai2F2 + … + aimFm where F1, F2, … , Fm are the factors and ai1, ai2, … , aim 
are the factor loadings which express the correlation between the factors and the initial 
variables. The values of each factor are called factor scores and they are presented in 
standardized form, having zero mean and unit variance (Jolliffe, 1986; Manly, 1986). The 
number m of the retained factors has to be decided, by using various rules (eigenvalue ≥ 1, 
scree plot) and considering the physical interpretation of the results (Bartzokas and Metaxas, 
1993). Another important point of the analysis is the rotation of the axes, which maximizes 
some factor loadings and minimizes some others and in that way a better separation among 
the initial variables is succeeded. Varimax rotation is generally accepted as the most accurate 
orthogonal rotation, which maximizes the sum of the variances of the square factor loadings, 
keeping the factors uncorrelated (Richman, 1986). 
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Figure 1. Geographical distribution of the meteorological stations network 

 
Finally, the Spectral Analysis (Blackman and Tukey, 1958) is applied to the annual time series 
in order hidden periodicities be extracted. The period is estimated according to the following 

formula: Period= max2Lag
Lag

, where Lagmax=number of years/3.  
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3. DISCUSSION AND RESULTS  
The annual air temperature time series along with 9-years moving average filter and linear 
models fitting for the 20 meteorological stations are depicted in Figure 2. Also, in each graph 
of the Figure 2, three lines have been drawn, representing the mean annual air temperature 
for the period 1951-2000, the mean+2σ and the mean–2σ respectively (σ is the standard 
deviation). 
It is obvious that since the beginning of the examined period and for about the next fifteen 
years, the annual air temperature shows high values, which, in the most cases, are higher 
than the mean annual air temperature of the period 1951-2000. Thereafter, a cooling trend, 
approximately –0.8 °C, statistically significant at the 95% confidence level (c.l.), is observed 
for the majority of the stations, ending at a minimum in the middle of the decade of 1970, 
which is the coolest decade in the Hellenic region. More specifically, for the cooling period 
1951-1976, the trend appears to be from -0.014 °C/year (Iraklio) to –0.066 °C/year (Trikala), 
(Tables 1, 2). 

 
Table 1. Mann-Kendall test results for annual and seasonal air temperature time series. 
Stations Year Winter Spring Summer Autumn 
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Alexandroupolis -0.27  0.20 -0.33 -0.05 0.10    0.04 -0.39 0.45 -0.14  0.09 
Kozani -0.37  0.41 -0.20  0.08 -0.03  0.11 -0.40 0.45 -0.10  0.28 
Ioannina -0.45  0.27 -0.19  0.02 -0.06 -0.13  -0.44 0.32 -0.23  0.13 
Trikala -0.54 -0.05 -0.28 -0.15 -0.02 -0.03 -0.62 0.10 -0.43  0.05 
Thessaloniki -0.39  0.09 -0.14  0.04  0.05 -0.16 -0.69 0.38 -0.13  0.04 
Larissa -0.34  0.28 -0.22  0.06  0.06  0.15 -0.54 0.37 -0.19  0.17 
NOA -0.25  0.29 -0.29  0.10  0.05  0.13 -0.51 0.46 -0.10  0.25 
Elliniko -0.43  0.39 -0.27  0.08 -0.12  0.02 -0.59 0.50 -0.21  0.22 
N. Philadelphia -0.32  0.33 -0.20  0.11  0.01  0.07 -0.53 0.44 -0.15  0.21 
Araxos -0.38  0.33 -0.24  0.15 -0.02  0.16 -0.42 0.45 -0.23  0.25 
Tripolis -0.42  0.04 -0.27 -0.10 -0.04  0.03 -0.55 0.21 -0.27 -0.04 
Pyrgos -0.56  0.13 -0.23 -0.65 -0.22  0.00 -0.58 0.35 -0.40  0.19 
Kythira -0.38  0.39 -0.35  0.14 -0.04  0.14 -0.58 0.53 -0.22  0.30 
Kerkyra -0.43  0.31 -0.07 -0.07 -0.00  0.10 -0.51 0.52 -0.25  0.17 
Methoni -0.34  0.28 -0.10 -0.03 -0.07  0.07 -0.42 0.41 -0.19  0.19 
Kos -0.41  0.05 -0.37  0.33 -0.05 -0.19 -0.46 0.27 -0.30  0.21 
Iraklio -0.17  0.25 -0.02  0.01 -0.14  0.03 -0.30 0.41 -0.14  0.23 
Sitia -0.40 -0.28 -0.39 -0.13 -0.12 -0.34 -0.39 -0.03 -0.27 -0.06 
Mytilini -0.29  0.13 -0.25 -0.10  0.18  0.07 -0.53 0.50 -0.14  0.20 
Milos -0.39  0.33 -0.36  0.07 -0.09  0.04 -0.54 0.55 -0.27  0.25 

 
In most of the stations, the minimum of the annual air temperature appears in 1976, which is 
one from the coldest years. Afterwards, the air temperature of all time series remains almost 
at low levels, under the mean value of the period 1951-2000, since the beginning of the 
decade of 1990, when the trend reverses to heating, all over the Hellenic region. It is 
remarkable to mention that, only at the last two-three years, the air temperature reaches the 
boundaries of the air temperature appeared in the middle of the century (Figure 2). As far as 
the extreme annual mean air temperature is concerned, the upper limit (mean + 2σ) was 
exceeded in all stations with an exception of Kerkyra, National Observatory of Athens (NOA) 
and Araxos stations, during the first five years of the decade 1950 and in a few stations during 
the last decade of 1990, especially nearby the year 2000. 
Table 1 gives the results of the Mann-Kendall test, which certify that all the trends (°C/year) of 
the mean annual air temperature time series (with an exception of the Alexandroupolis and 
Iraklio), as they appear in the following Table 2, are statistically significant (95% c.l.) for the 
first period 1951-1976 (figures in bold and shaded with gray color). The heating trends 
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appeared in the second period 1976-2000 are not statistically significant (95% c.l.), for about 
half the number of the stations. The annual air temperature time series in the region of Athens 
(NOA, Philadelphia) appear a weak cooling trend during the first half of the examined period, 
in comparison with the rest of the stations. This is probably due to the phenomenon of 
urbanization (Philandras et al., 1999). On the other hand, at the southeastern region of 
Greece (Kos, Sitia), the air temperature time series present more intense cooling trend during 
the mentioned above period and more specifically, the minimum appears in the decade of 
1990 (Figure 2). Generally speaking the annual air temperatures recorded in this region at the 
decade of 1990 do not reach the boundaries of the annual air temperatures recorded in the 
decade of 1950.  
 

Table 2. Trends (°C/year) for annual and seasonal air temperature time series 
Stations Year Winter Spring Summer Autumn 
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 ( x 10-2) ( x 10-2) ( x 10-2) ( x 10-2) ( x 10-2) ( x 10-2) ( x 10-2) ( x 10-2) ( x 10-2) ( x 10-2) 

Alexandroupolis -3.1 2.2 -6.3 0.9 0.7 1.0 -5.0 7.2 -2.8 1.5 
Kozani -3.5 4.7 -4.1 2.2  -1.0 2.3 -8.4 10.0 -1.3 3.9 
Ioannina -4.0 2.4 -7.8  -0.2  -0.3 0.4 -7.8 7.3 -3.5 1.8 
Trikala -6.6   -0.5 -7.5  -4.0  -0.5 0.8 -12.2 7.7 -6.7 8.6 
Thessaloniki -3.3 1.5 -3.3  -0.4 0.7  -2.7 -8.8 5.8 -2.5 5.3 
Larissa -4.0 2.7 -4.1 1.7 0.0 2.4 -9.1 6.7 -4.0 3.5 
NOA -2.3 4.6 -3.4 1.0 1.0 2.2 -5.8 10.1 -1.5 5.1 
Elliniko -3.9 4.1 -4.2 0.9  -1.7 0.7 -7.3 8.6 -3.0 4.2 
N. Philadelphia -2.9 3.2 -3.6 0.7 0.0 1.0 -6.6 7.5 -2.1 3.8 
Araxos -3.0 4.3 -3.8 2.2 0.2 1.9 -4.8 7.4 -4.1 5.0 
Tripolis -4.3   -0.0 -6.6  -0.4  -8.7 0.9 -9.0 5.6 -4.1  -1.5 
Pyrgos -4.8 3.3 -4.0  -0.9  -2.2 1.6 -8.3 5.3 -4.9 5.2 
Kythira -3.4 4.3 -4.4  -0.6  -1.1 2.1 -5.9 7.4 -2.4 4.6 
Kerkyra -2.7 3.1 -1.8  -1.0 0.2 1.5 -6.0 8.1 -3.6 3.5 
Methoni -2.1 1.9 -2.2  -0.6  -0.3 0.2 -4.1 5.1 -2.1 2.8 
Kos -3.7 0.8 -3.4  -0.4  -0.7  -2.7 -3.4 3.4 -4.6 2.9 
Iraklio -1.4 2.3 -2.3 0.3  -0.2 0.4 -2.8 4.8 -1.4 3.8 
Sitia -3.8   -2.4 -4.5  -2.0  -1.7  -4.5 -4.6  -1.4 -5.0  -0.8 
Mytilini -3.2 1.7 -5.6  -0.3 2.0 0.9 -6.0 7.5 -1.5 2.7 
Milos -3.8 3.5 -5.1 0.7  -1.3 1.0 -4.9 8.2 -4.0 4.5 
 
In winter, according to Mann-Kendall test, approximately half of the stations present a cooling 
trend, statistically significant (95% c.l.), during the period 1951-1976. The cooling trend 
ranges from –0.018 °C/year (Kerkyra) to –0.075 °C/year (Trikala). During the period 1976-
2000 there are not only cooling but heating trends as well, not statistically significant, in the 
majority of the stations. 
In spring, all the trends appeared in the air temperature time series are not statistically 
significant at the 95% confidence level. 
It is crystal clear from Table 1 that, in summer, all the trends appeared, are statistically 
significant (95% c.l.) in both examined periods 1951-1976 and 1976-2000.  
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Figure 2. Annual air temperature time series along with 9-years moving average filter  

and linear model fitting 
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Figure 2. (continued) 
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During the first period, a cooling trend is apparent all over the Hellenic region and ranges from 
–0.028 °C/year (Iraklio) to –0.122 °C/year (Trikala). During the second period 1976-2000 the 
heating trend is dominated with an exception of Sitia, where a weak cooling trend is 
appeared. The air temperature increases from 1.2 °C (Iraklio) to 2.5 °C (NOA, Kozani). 
Interpreting these Mann-Kendall results, everybody can claim that the summer air 
temperature contributes to the annual air temperature more than winter air temperature does. 
This is probably the main reason of the annual air temperature increase, especially during the 
decade 1990. 
In autumn, which is a transient season, the air temperature follows a cooling trend during the 
period 1951-1976, but this trend is statistically significant (95% c.l.) only to few stations while 
the heating trend appeared in the following years is not statistically significant (95% c.l.) for 
the most of the stations.  
The application of FA to monthly air temperature time series resulted in an objective 
classification of the meteorological stations in sub-regions of Greece with common 
characteristics regarding the air temperature variability (Figure 3); namely it is more clear to 
present the trends and the variability of the air temperature regime of each extracted sub 
region, instead of presenting the air temperature of Greece, by averaging all the air 
temperature time series, as presented in Feidas et al. (2004) study. Besides, the variability 
and trends of the main factors on seasonal and annual basis are presented for the two 
examined periods 1951-1976 and 1976-2000 (Figure 4), where remarkable differences are 
depicted with respect to annual, spring and summer trends of the two main factors extracted.  
In the process, the results of the application of FA to annual and seasonal time series are 
interpreted. Regarding the annual air temperature time series, FA leads to two factors, 
explaining the 84% of the total variance. The first factor (76%) represents the northern and 
central Hellenic region while the second one (8%), mainly the southeastern region. Plotting 
the factors scores time series extracted, for the first factor, two trends are apparent. The 
cooling trend appears during 1951-1976 and the heating trend during 1976-2000, both 
statistically significant (95% c.l.), (Figure 4). The factor scores time series, for the second 
factor, verify the cooling trends for the two periods examined.     
Throughout the analysis, there is a general sense of concern that such annual trends are 
attributable in some measure to summer trends. In attempting to address such concerns, the 
application of FA to summer time series was assessed. Two factors extracted, explaining 
81% of the total variance. The first factor (73%) includes the majority of the Hellenic region, 
and the second one (8%) represents the southeastern area of the country. Both factor scores 
time series show similar trends to respective annual ones, but these trends are more intense 
in cooling and heating as well, during the two prolonged periods (Figure 4). Besides, the first 
factor presents statistically significant (95% c.l.) positive trend with respect to the whole period 
(1951-2000). This can be explained by the observed significant positive sea-level pressure 
trend (up to 0.04 hPa=year) in the southeastern Mediterranean, the Middle East and Turkey 
and therefore a less frequent expansion of the low over the Mediterranean results in a 
weakening of the Etesian winds (north to noortheasterly air flow) and a subsequent increase 
in summer temperatures (Feidas et al., 2004). 
Winter is well described by two factors, which explain the 88% of the total variance. The air 
temperature regime is established according to latitude (Nastos, 1995), that is, the first factor 
(82%) represents the southern, eastern and part of western regions while the second one 
(6%) the northern and mountainous regions. Regarding the first factor, there is a cooling trend 
statistically significant (95% c.l.) for the period 1951-1976 and thereafter a weak-heating trend 
for the period 1976-2000. The factor scores time series of the second factor appear weak 
cooling trends in both examined periods (Figure 4). 
Taking into account the whole period (1951-2000), a cooling trend, although not significant, is 
apparent in the two sub regions examined. This is possibly connected to the corresponding 
increasing trend of the sea level pressure over central-western regions of the Mediterranean 
(Feidas et al., 2004), which is likely to be related to an increase of the frequency and 
persistence of anticyclones, particularly during the winter, that could be attributed to the 
Azores anticyclone (Colacino and Conte, 1993; Piervitali et al., 1997). As a consequence, the 
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tracks of the depressions moving across the Mediterranean have changed to the north and 
more specifically for the eastern Mediterranean, a decrease in cyclonic circulation is observed 
since 1960 for winter, which can be connected to a change in the zonal circulation index for 
the North Atlantic and Europe (Sahsamanoglou and Makrogiannis, 1992). Furthermore, this 
cooling trend can be associated with the increased frequency of the northwest or northeast 
continental, dry and cold flows over Greece from northern Europe and western Russia, which 
are linked to the increase of the frequency and persistence of anticyclones over the central 
Mediterranean and Balkans (Maheras et al., 1999). This is also in agreement with the results 
of Feidas et al. (2004), regarding the winter geopotential height field. 
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Figure 3. Seasonal spatial distribution of the two Factors extracted 
 

In spring, the first factor (75%) represents most of the stations located in northern, western 
and central Greece, while the second one (7%) is limited to the southern and southeastern 
regions. The factor scores time series show small increasing trends for the first factor, while 
small decreasing trends are obvious for the second factor. 
The air temperature, in autumn (a transient season) differs from the other seasons. The first 
factor (78%) concludes stations from the eastern and central Greece, while the second one 
(7%) represents mainly the western region. A cooling trend during 1951-1976, and thereafter 
a heating one till 2000 are the results of plotting the factor scores time series of the first factor. 
Similar trends, but more intense are presented in western Hellenic region (Figure 4). This 
result shows that air temperature distribution, in autumn, differs from air temperature one in 
spring, which is a transient season, as well. 
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Figure 4. Annual and seasonal Factor scores time series for the two Factors extracted. 
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The spectral analysis is applied to all air temperature time series, but for brevity’s sake, only 
Athens and Sitia were selected for demonstration (Figure 5) because of their specific site in 
the eastern Mediterranean and their long term time series. The spectral analysis of annual air 
temperature time series for NOA (143 years, 1858-2000) reveals peaks around 5.0 years 
statistically significant at 95% c.l. and not significant with respect to 4.0 and 2.7 years. For 
Sitia (92 years, 1909-2000), 4.1 and 2.7 years are identified significant at the 95% confidence 
level (Figure 5). The short waves (2.0-3.0 years) seem to be associated with the so-called 
“Quasi-biennial Oscillation” phenomenon (QBO), while 4-6 year cycle is associated with the 
El-Nino Southern Oscillation (ENSO). These results are in agreement with Hasanean (2001), 
who studied the fluctuations of the surface air temperature in the eastern Mediterranean. He 
concluded that some periods seem to be significant in all temperature time series examined. 
These periodicities are from 2.1 to 3.0 years at all stations (Malta, Athens, Tripoli, Alexandria, 
Amman, Beirut, Jerusalem, Latakia) and from 3.0 to 8.0 years at Malta, Athens, Jerusalem, 
Beirut and Latakia. As a consequence, it can be shown that all the stations may be affected 
by the QBO. Also, five stations (Malta, Athens, Jerusalem, Beirut, and Latakia) may also be 
affected by El-Nino. Tourpali (1994) found out that the ENSO configures the atmospheric 
circulation of the eastern Mediterranean during the summer period, by modifying the Indian 
thermal low while a direct connection between QBO and the tropospheric biennial oscillation 
of the air temperature in Europe and eastern Mediterranean is not established.  
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Figure 5. Spectral analysis of annual air temperature at stations NOA and Sitia (solid line) and 

95% confidence level (dash line). Dash-dot lines represents from top to bottom  
the red noise and the white noise respectively 

 
CONCLUSIONS 
From the analysis, it was extracted that the annual air temperature time series, for all 
examined stations, appear a statistically significant (95% c.l.) cooling trend during the period 
1951-1976. The decade of 1970 was the coldest over Hellenic region. Thereafter a heating 
trend is obvious, statistically significant at 95% c.l. for half the number of the stations. It is also 
remarkable that air temperature in the decade of 1990 doesn’t exceed the air temperature of 
the decade of 1950. The annual trends are attributable in some measure to summer trends, 
which are also statistically significant (95% c.l.) on the contrary to the other seasons, where 
the appeared trends are generally not statistically significant (95% c.l.) with an exception in 
winter for the period 1951-1976. It is of special concern that, the air temperature decreases at 
the southeastern region of Greece, during the whole examined period 1951-2000, for all 
seasons. This is extracted from the factor analysis applied to seasonal data, and is possibly 
due to the local atmospheric circulation at the eastern Mediterranean Sea. The spectral 
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analysis reveals peaks, which likely identify the QBO and ENSO cycles in the annual air 
temperature time series. 
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