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Summary

Changes in surface air temperature during the last century
are widely discussed among researchers in the ®eld of
climatic change. Using various techniques, we investigate
trends and periodicity of surface air temperature series from
eight meteorological stations in the Eastern Mediterranean.
For the analysis, we use the Mann-Kendall rank test, low-
pass ®ltering, autocorrelation spectral analysis and maximum
entropy spectral analysis. The latter two tests are compared.
The study is based on series over one hundred years in length
for four stations, and over ®fty years in length for the other
four. Increasing and decreasing surface temperature trends
were found. These trends, however, are only signi®cant for
Malta, Jerusalem, and Tripoli at the 99% con®dence level
(positive trend) and for Amman at the 95% con®dence level
(negative trend). We also found inter-decadal variations in
surface air temperature, including a fairly regular quasi 20-
year oscillation, although its amplitude varied between
different cycles. A period of warming began around 1910
at all stations. During the 1970s, the annual mean tem-
perature series exhibit warming, but this warming was not
uniform, continuous or of the same order at all the stations.

The results of the Autocorrelation Spectral Analysis and
the Maximum Entropy Spectral Analysis are similar,
pointing to the reliability of the results. The quasi-biennial
oscillation (QBO) exists at all stations during both increasing
and decreasing trends. Similarly, a broad maximum from 3±8
years (related to El NinÄo) is found at Malta, Athens,
Jerusalem, Beirut, and Latakia. An inverse relationship
between El NinÄo and the North Atlantic Oscillation with
surface air temperature over the Eastern Mediterranean is
found at a highly signi®cant con®dence level.

1. Introduction

Regional variations of annual temperature for
different regions have been studied extensively,
see e.g. Escourrou (1978), Wigley and Farmer
(1982), Colacino and Roselle (1983), Jones and
Kelly (1983), Repaips (1984), Balzano and
Tobago (1985), Maheras (1989) and Arseni and
Maheras (1991). Analyses have developed with
the advent of high resolution signal processing
and spectral analysis, for instance, Chiders (1978);
Haykin (1979); Robinson and Treitel (1980). The
use of high resolution techniques is due to Burg
(1975) and is termed MESA (the maximum
entropy spectral analysis). Spectral variance
analysis of long European and North American
air temperature records was done using conven-
tional autocorrelation and maximum entropy
techniques by Malcher and SchoÈnwiese (1987).
The MESA technique is used for analysis of
annual mean terrestrial and marine surface
temperature series in the northern and southern
hemisphere. It is found that there exist long-term
linear warming trends of 0.12 to 0.56 �C/century
with superposed signi®cant periods in the ranges
of 5±6 yr, 10±11 yr, 15 yr, 20 yr, 28±32 yr and 55±
80 yr. (Lane and Teixeira, 1990). The studies
showed that there might be two fundamental time-
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scales in the interannual variability of the
monsoon-ocean-atmosphere system. The ®rst is a
quasi-two-year cycle associated with the tropical
biennial oscillation (TBO) and the second is a 4±6
year cycle associated with the El-NinÄo Southern
Oscillation (ENSO). Mankin Mak (1995) found
that 5.3 and 2.6 year cycles in the marine surface
temperature clearly delineate El-NinÄo and La-
NinÄa events.

In this paper, an attempt is made to examine the
mean annual variation of surface air temperature
for eight Meteorological stations over the eastern
Mediterranean. Before analysis, the homogeneity
of the records is tested. The methods of Woodruff
and Hu (1997) and Mann-Kendall rank statistic
are then used to quantify the direction and
magnitude of any trend. To investigate periodicity,
autocorrelation spectral analyses (ASA) and
maximum entropy spectral analysis (MESA) are
used for the temperature time series. Also, to
investigate the relationships between large-scale
phenomena or processes such as ENSO and the
North Atlantic Oscillation (NAO) a simple
correlation method is used (Mood et al. 1974).

2. Data

Annual mean surface air temperature observations
at eight stations situated in the eastern Mediterra-
nean were used: Malta (35.9�N, 14.5� E) from
1853 to 1991, Athens (38.0�N, 23.7� E) from
1858 to 1991, Tripoli (32.9�N, 13.2� E) from
1944 to 1991, Alexandria (31.2�N, 29.8� E) from
1942 to 1991, Amman (32.0�N, 35.9� E) from
1923 to 1991, Beirut (33.9�N, 35.5� E) from 1875
to 1991, Jerusalem (31.8�N, 35.2� E) from 1882
to 1991, and Latakia (35.6�N, 35.8� E) from 1952
to 1991. The sources of data are: Archives of
Egyptian Meteorological Authority; Archives of
Libyan Meteorological Authority and Carbon
Dioxide Information Analysis Center (CDIAC).
Monthly data of NAO, and global sea surface
temperature (SST) anomalies (El-NinÄo) were ob-
tained from the Climate Prediction Center,
National Oceanic Atmospheric Administration
(NOAA).

Lack of homogeneity in data series creates a big
problem for studying time series. Climatic
elements could be affected by changes in instru-
mental exposure, station location, and method of
estimating daily and monthly averages. We used

the short-cut Barlet test (Mitchell et al., 1966) to
examine the homogeneity of the surface air
temperature series at designated stations.

The short-cut Bartlet test of homogeneity of
variance for annual surface air temperature is
applied by dividing the series into k equal sub-
periods, where k � 2. In each of these sub-periods
the sample variance is calculated, i.e.;

Sk � 1

n

X
xi ÿ 1

n

X
xi

� �2
� �

; �1�

Where the summations range over the n values of
the series in the sub-period k. Let S2

max and S2
min

denotes the maximum and the minimum of the
values of S2

k , respectively. The 95% signi®cance
points ratio S2

max=S2
min can be obtained by com-

paring this ratio with the values given in
Biometrika table 31 (Pearson and Hartley, 1958).
All time series used, are found to be homoge-
neous, Table 1.

3. Method of analysis

The identi®cation of trend can be made by using
the sequential version of the Mann-Kendall rank
statistic method, Mitchel et al. (1966), Sneyers
(1975), and Chu et al. (1994). This test seems to
be the most appropriate method for analyzing

Table 1. Bartlet Test (short-cut) Result for eight Mediterra-
nean Stations (n is the number of Terms in each Sub-period
k, and k is the Number of the Sub-period)

Station 95% Signi®cant point S2
max=S2

min

Malta,
n � 23; k � 6

2.46 1.83

Athens,
n � 22; k � 6

2.67 2.60

Tripoli,
n � 16; k � 3

3.54 2.10

Alexandria,
n � 16; k � 3

3.54 1.39

Amman,
n � 23; k � 3

2.38 2.30

Beirut,
n � 25; k � 5

3.16 2.72

Jerusalem,
n � 22; k � 5

3.53 1.81

Latakia,
n � 15; k � 3

3.54 1.57
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climatic changes Goossnes and Berger (1986).
The statistic � is computed from:

� � 4
P

ni

N�N ÿ 1� ÿ 1; �2�

Where ni is the number of values larger than the i
value in the series subsequent to its position in
the time series. The test statistic ���t is:

���t � � tg

����������������������
4N � 10

9N�N ÿ 1�

s
; �3�

Here tg is the value of t at the probability point in
the Gaussian distribution appropriate to the two-
tailed test.

To understand the nature of trend, the series
were subjected to a low-pass ®lter in order to
suppress the high frequency oscillations. This
removes variations with periods shorter than 10
years in the time series and retains variations of
inter-decadal time scales. To give extra weight to
the surface air temperature in the central position
(year) of an 11-year running window, Hu et al.
(1998) assigned different weights to each of the
11-years in the running mean. These weights,
from the ®rst through the 11th year in the running
window are 1/24, 1/24, 1/12, 1/8, 1/8, 1/6, 1/8,
1/8, 1/12, 1/24, and 1/24, respectively. The
symmetry of the weight distribution guarantees
no phase shift of the variations in the time series
after the ®lter is applied. The response function of
the low-pass ®lter has a response function which
equals to unity at in®nite wavelength and it tails
off asymptotically to zero with decreasing wave-
lengths.

The power spectrum of the surface temperature
time series was computed using the autocorrela-
tion spectral analysis (ASA), Blackman and
Tukey (1959) and Mitchell et al. (1966), and
maximum entropy spectral analysis (MESA),
Burg (1975), and Olberg and Radoczi (1985).

The ASA is smoother and more accurate than
fast fourier transformation (FFT) but the ampli-
tude relationship is poorly re¯ected (Padmanab-
han, 1991). Our discussion will focus on practical
aspects of the functional form for the ASA power
spectrum Bi,

Bi � ro

m
� 2

m

Xmÿ1

L�1

rLcos
360

2m
iL

� �
� rm

m
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where rL is the autocorrelation coef®cient of lag L.
In the case of Bo and Bm the coef®cients resulting
from the formula have to be divided by two. The
above formula, however, does not give the best
estimate of the smoothed spectrum function. Final
spectral estimates Si are then computed by
smoothing the raw estimates with a 3-term
weighted average. In the `̀ Hamming'' method,
Mitchell et al. (1966), the smoothing formulae are

Si � 0:25Biÿ1 � 0:5Bi � 0:25Bi�1: �5�
The MESA method identi®es the frequencies

accurately (Padmanabhan, 1991). Moreover, the
order of the ®lter to be used in this method is
somewhat subjective. Also, this method is more
accurate than both FFT and ASA methods. This is
because the MESA method increases the spectral
resolution in the low frequency domain and gives
a more realistic power estimate. The procedure is
a formulation of the method of the MESA power
spectrum P� f � at frequency f , P� f � is estimated
by the following formula:

P� f � � P�m��t

1ÿ
Xm

n�1

amneÿ2�ifn�t

�����
�����
2
; �6�

Where P�m�; amn and n are the output power long
prediction error ®lter, the number of coef®cients,
and the number of a data set, equally spaced (i.e.
�t � 1), respectively.

4. Results and discussion

4.1 Fluctuations in temperature

Mann-Kendall statistics, which make no assump-
tion about probability distribution for the original
data, are tested for signi®cance using a standard
normal distribution. Table 2 shows the Mann-
Kendall statistics for the eight sites in the Eastern
Mediterranean. Four stations have positive values
(a positive value indicates a positive trend in the
standardized annual surface temperature), Malta,
Jerusalem, Tripoli, and Beirut, and the others
have negative values. It is also indicated in Table 2
that, for values of the Mann-Kendall statistic
which are signi®cantly different from zero at the
5% and/or 1% level, we ®nd that only four
stations are highly signi®cant. Three of the four,
Malta, Jerusalem, and Tripoli, have positive
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signi®cance while the fourth, Amman, has a
negative �-value.

Time series of surface air temperature at the
eight stations are presented in Fig. 1. They show
both the annual surface temperature and its
running mean, which retains only variations over
periods longer than 10 years. The main feature of
Fig. 1 is the presence of outstanding inter-decadal
variations in the annual surface temperature.
Among these variations, there appears a fairly
regular variation of a quasi 20-year period,
although its amplitude varies between different
cycles. Another noteworthy feature is an impor-
tant warming around 1910 which began at all

Table 2. Mann-Kendall rank statistic, � at 8 stations over
Eastern Mediterranean

Station Annual

Malta 0.211��
Athens ÿ0.005
Jerusalem 0.342��
Alexandria ÿ0.100
Tripoli 0.246��
Amman ÿ0.165�
Beirut 0.007
Latakia ÿ0.133

� signi®cant at 95% con®dence level�� signi®cant at 99% con®dence level

Fig. 1a. The ¯uctuations of surface air temperature over the stations Athens, Malta, Beirut, and Jerusalem
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stations. Also, in agreement with Folland et al.
(1990) and Arseni and Maheras (1991), it is found
that during the seventies the time series exhibit
warming. The warming, however, not of the same
order at all stations under investigation and was
neither uniform nor continuous.

Figure 1a shows that for Malta there is a
gradual warming during the period 1853±1951
and cooling occurred for the two following
decades (1951±1971). In the last period (1971±
1991), a sharp warming occurred. At Athens there
is a rise (warming) of temperature during the
period (1875±1940), then temperatures fell (cool-

ing) until the ®nal year (1991). Jerusalem exhibits
a gradual warming over the whole record. At
Beirut there is a ¯uctuation of warming and cool-
ing up to 1960, then a little change toward
warming is occurs up to 1991. Similar to Beirut,
Amman shows a ¯uctuation between periods of
warming and cooling. A warming during the
1950s, as is shown in Fig. 1b, is found at
Alexandria, and there is a ¯uctuation around the
mean value until 1991. The mean annual
temperature at Tripoli exhibits gradual warming
up to 1991. At Latakia a gradual warming occurs
from the ®rst period up to the late 1960s, followed

Fig. 1b. The ¯uctuations of surface air temperature over the stations Tripoli, Alexandria, Amman and Latakia
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by cooling up to the mid 1980s, followed by
warming to the end of the period (Fig. 1b).

The signi®cant global warming which occurred
at 1910 has been mentioned by other researchers,
Kelly et al. (1982); Wigley and Farmer (1982),
Colacino and Rovelli (1983), Jones and Kelly
(1983), Repapis (1984), Balzano et Todaro (1985),
Maheras (1989), and Arseni and Maheras (1991)
over large areas of the world. It seems that this
warm period also occurred in the Mediterranean,
and also in the northern hemisphere, or in certain
other areas and stations, with some exceptions,
Arseni and Maheras (1991).

4.2 Periodicity in temperature series

Variance spectra of all the time series have been
estimated using two different techniques, the
Autocorrelation Spectral Analysis (ASA) and the
Maximum Entropy Spectral Analysis (MESA).
The statistical con®dence of the power spectra is
tested for the two techniques using the Markov
red noise theory and �2-tests (Mitchell et al.,
1966) or, respectively, Monte Carlo methods
(Junk 1983). Although these two algorithms are
fundamentally different, the spectra coincide as is
shown in Fig. 2b and Fig. 3b. For instance, peaks

Fig. 2a. Autocorrelation spectral analysis ASA of mean annual surface temperature at stations Athens, Malta, Beirut, and
Jerusalem (Solid curve), and 95% con®dence level (dashed curve)
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at Tripoli and Amman are identical at periods of
2.7 yr with respect to the 95% signi®cance level.

The spectral analysis of all temperature records
(including also inhomogeneous time series since
inhomogeneities affect only the long term com-
ponent of the spectrum, Schonwiese (1971)),
shows that they are quite similar for certain
stations, and different for other stations. Figures 2
and 3 show that the eight stations have similar
spectral behavior. A signi®cance at the 95% con®-
dence level, e.g. at periods of about 5.1 yr, 3.8±
3.2 yr, and 2.7±2.1 yr for Malta (139 years) is
shown. The spectral analysis of the 134 year series

for Athens gives dominant peaks at about 4.0±3 yr,
and 2.7±2.3 yr. For Jerusalem (110 years), 13.2 yr
and 12.3 yr middle wave, and 5.5±3.5 yr, 2.6±
2.1 yr short wave are identi®ed at the 95%
signi®cant con®dence level. While the results for
Beirut station (117 years) produce dominant
waves at about 3.9 yr, 3.0 yr, 2.8 yr, and 2.1 yrs.

The results from applying the ASA and MESA
techniques to Amman (69 years) and Tripoli (48
years) reveal peaks around 2.7 yrs. Spectral
analysis of Alexandria (50 years) gives 4.0 yr
and 2.7 yr signi®cance at the 95% con®dence
level. Spectral analysis of Latakia (40 years)

Fig. 2b. Autocorrelation spectral analysis of mean annual surface temperature at stations Tripoli, Alexandria, Amman and
Latakia. (Solid curve), and 95% con®dence level (dashed curve)
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reveals 8.7 yr, 3.7 yr and 2.9 yr signi®cance at the
95% con®dence level.

The reliability for the above time series has
been discussed in detail by Jones et al. (1986a,
1986b, 1986c). Here we present some physical
explanations of the periodicities mentioned above.
The shorter waves (2.0±3.0 years) seem to be
associated with the QBO. This connection has
been mentioned by Angell et al. (1966), Schergag
(1967), and Lamb (1972). Lamb (1972) noted that
a QBO is related to the southern oscillation, which
is the strength of subtropical high belt in both
northern and southern hemispheres. Also, studies
have shown that there may be two fundamental
time-scales in the interannual variability of the

monsoon-ocean-atmosphere system, i.e. a quasi-
two-year cycle associated with tropical biennial
oscillation (TBO) and a 4±6 year cycle associated
with the El-NinÄo Southern Oscillation (ENSO).
The ocean (El-NinÄo) may cause oscillations of
between 3 and 8 years (WMO, 1985, Malcher and
SchoÈnwiese, 1987). Also minor peaks at periods
in the range of 3±5 years appear to be associated
with the southern oscillation, Folland et al. (1984).
Other waves (11±13 years) seem to match the
sunspot cycle and the period of 5±6.5 years, the
second harmonic of sunspot cycles (Kane and
Trivedi, 1985).

From the above results and discussion, the
similarities in the results of ASA and MESA

Fig. 3a. As Fig. 2a but for maximum entropy spectral analysis
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methods suggest a high reliability of the spectral
estimate. It could be veri®ed that the ASA and
MESA methods are accurate as shown by
Schonwiese (1987), but the MESA method is
more accurate. Also, one can conclude that all
stations under study may be much affected by the
QBO phenomenon, with a period from 2 to 3
years. The signi®cant periodicity from 3 to 8 years
appears at ®ve stations (Malta, Athens, Jerusalem,
Beirut, and Latakia), which may be affected by
El-NinÄo. However, Jerusalem is the only site
producing 13.2 and 12.3-year periodicities, which
may be affected by the sunspot cycle.

4.3 Relationships between surface air
temperature and large-scale phenomena

The correlation between larger scale phenomena
and surface air temperature ¯uctuations over the
Eastern Mediterranean are discussed below.

4.3.1 Relationships between surface air
temperature and ENSO

El-NinÄo refers to the occasional `̀ anomalous''
warming of the eastern tropical Paci®c Ocean but
it is commonly linked to a basin-scale warming

Fig. 3b. As Fig. 2b but for maximum entropy spectral analysis
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extending from the coast of South America to the
International dateline. La NinÄa refers to the
opposite phase where SSTs are well below
average. Both events are named only when the
SST departures from average are reasonably large.
A common working de®nition is that if the SSTs
depart from the normal by more than 0.5 �C for
more than 6 consecutive months over some region
then an event is considered to have taken place
(Trenberth and Hurrell, 1994). Both El-NinÄo and
La-NinÄa events are a normal part of the behavior
of SSTs in the tropical Paci®c, where the main
variations occur through atmosphere-ocean inter-
actions on inter-annual time-scales (Philander,
1990). It is the basin-scale phenomenon, however,
that is linked to global atmospheric circulation
and associated weather anomalies.

The Nino3 index which covers the area
between 5�N±5� S latitude and 150�W±90�W
longitude is often used as an index of SST
anomalies associated with the ENSO cycle, WMO
(1996). Therefore Nino3 is used here to investi-
gate the relationships between ENSO and surface
air temperature over the Eastern Mediterranean.
Table 3 shows the association between ENSO and
surface temperature at all eight stations. Inverse
relationships between ENSO and surface tem-
perature is found at all stations. Most stations give
a signi®cance to the 99% con®dence level.

4.3.2 Relationships between surface
temperature and the NAO

The NAO, is a large-scale alternation of atmo-
spheric mass with centers of action near the
Icelandic low-pressure region (Stykkisholmur/

Reykjavik) and the Azores high-pressure region
(Ponta Delgada). It is a dominant mode of
atmospheric behavior in the North Atlantic
sectors. The NAO is most pronounced in winter
but detectable as a characteristic pattern in all
months. The winter NAO pattern contributes the
largest fraction of the Northern Hemisphere
temperature variability of any mid-latitude or
tropical mode of ¯uctuation.

Table 3 exhibits the correlation between NAO
and surface air temperature at the eight stations
over Eastern Mediterranean. Negative relation-
ships occur between the NAO and surface tem-
perature over the Eastern Mediterranean with a
high signi®cance level.

4.3.3 Relationships between surface air
temperature and the QBO

The QBO, is almost a biennial oscillation (average
period: about 27 months) of the temperature and
zonal wind in the tropical stratosphere (Reed et al.,
1961). The maximum wind is located at an alti-
tude of about 24 km; the wind system is alter-
natively coupled with the northern and southern
hemispheric stratospheric wind regime, and the
wind directions change between west and east.
The bimodal circulation regime seems to be a
large-scale internal oscillation of the global atmo-
spheric system, Lindzen (1987), which appears to
be related to the so-called `̀ Berliner Phaenomen'',
Scherhag (1952); Labitzake and van Loon (1988).
The latter is a quite explosive warming of the
stratosphere between 20 and 50 km, which occurs
at different times in late winter, and leads to a rise
of stratospheric temperature in the order of 50 to
70 K and causes a remarkable breakdown of the
polar vortex.

The interaction between different in¯uences on
the stratosphere (ENSO, QBO, solar radiation,
solar cycle, volcanoes, etc.) is very complex
(Warnecke, 1991). The same statement is valid for
the relationship between the QBO and extra-
tropical temperatures, Wanner et al. (1997). Our
results in section 4.2 indicate that there are
relationships between surface air temperature over
the Eastern Mediterranean and the QBO.

5. Conclusions

The Mann-Kendall statistic provides a test for
positive or negative trends, which are not

Table 3. Correlation coef®cient between both ENSO and
North Atlantic Oscillation and surface air temperature at
eight stations over Eastern Mediterranean

Stations ENSO NAO

Malta ÿ0.13 ÿ0.12
Athens ÿ0.29�� ÿ0.20��
Amman ÿ0.21� ÿ0.27��
Jerusalem ÿ0.25�� ÿ0.45��
Tripoli ÿ0.12 ÿ0.32�
Alexandria ÿ0.31�� ÿ0.28�
Beirut ÿ0.13 ÿ0.33��
Latakia ÿ0.34�� ÿ0.32�
� signi®cant at 95% con®dence level�� signi®cant at 99% con®dence level
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necessarily linear, in standardized surface air
temperature series, but it does not readily give a
value for the magnitude of the trend, which is
found to be statistically signi®cant. The Mann-
Kendall statistic also does not provide evidence of
other kinds of nonstationary properties in surface
temperature series, as in the case where the
variability of surface temperature in a particular
year increases or decreases with time. Never-
theless it provides a robust test for trend, free from
assumptions about mathematical form of the trend
or the probability distribution of errors. Subject to
these facts, the analysis of surface temperature at
eight stations over the eastern Mediterranean
using Mann-Kendall statistic leads to two conclu-
sions. The ®rst is that positive or negative � values
(corresponding to positive or negative trends in
surface temperature, whether or not these are
statistically signi®cant) are equal. The second
conclusion is that the number of statistically
signi®cant � values is four, three positive (Malta,
Jerusalem, and Tripoli) with 99% con®dence
level, and one negative (Amman) with 95%
con®dence level.

Trend studies lead to the following main con-
clusions:

i) A warm period began almost simultaneously
at the stations with long records. The trend is
similar at all stations. This warming extends
from the beginning of the records to 1950 but
it is not continuous.

ii) A warm period was found during the 1970s,
but it was not uniform, continuous or of the
same order.

iii) Outstanding inter-decadal variations in the
annual temperature are found. Among these
variations fairly regular variations of a quasi
20-year periodicity exist, although its ampli-
tude varies between different cycles.

iv) During the period under study, a temperature
decrease is observed. Recent warming has
only occurred during the last two or three
decades at most stations. This could possibly
be attributed to human activities.

Annual temperature series were examined using
Autocorrelation Spectral Analysis and Maximum
Entropy Spectral Analysis techniques to extract
the periodicities. It can be concluded that some
periods seem to be signi®cant in all temperature
time series. These periodicities are from 2.1 yr to

3 yrs at all stations and from 3 to 8 yrs at Malta,
Athens, Jerusalem, Beirut and Latakia. As a
consequence, it can be shown that all the stations
may be affected by the so-called `̀ Quasi-biennial
Oscillation'' phenomenon. Also, ®ve stations
(Malta, Athens, Jerusalem, Beirut, and Latakia)
may also be affected by El-NinÄo.

Negative relationships between ENSO and the
NAO with surface air temperature are found at all
eight stations. By studying past warm and cold
episodes, scientists have discovered wide-ranging
temperature and precipitation patterns over the
subtropics and extratropics that are consistent
from one episode to another, e.g., Ropelewski and
Halpert (1987, 1989) and Halpert and Ropelewski
(1992). Temperature and precipitation variations
associated with the NAO also extend to the
countries of the Mediterranean basin, WMO
(1993).
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