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Abstract The interannual and decadal variability of
summer (June to September) air temperature over the
Mediterranean area is analyzed for the period 1950 to
1999. The combined influence of the large-scale atmo-
spheric circulation at different levels and thermic pre-
dictors (thickness patterns and Mediterranean SSTs) on
station temperature data is assessed by means of optimal
objective techniques. The validity of the statistical
models has been evaluated through cross-validation.
Three large-scale predictor fields (300 hPa geopotential
height, 700–1000 hPa thickness and SSTs) account for
more than 50% of the total summer temperature vari-
ability. The positive phase of the first canonical mode is
associated with blocking conditions, subsidence and
stability related to warm Mediterranean summers. The
second CCA mode shows an east–west dipole of the
Mediterranean summer air temperature connected by a
combination of a trough as well as an extended ridge
over the western and eastern parts of the Mediterranean,
respectively. Though both modes are found to contrib-
ute to long-term summer temperature trends in the
1950–1999 period, it is shown that the first canonical
mode is mainly responsible for the 0.4 �C warming
(significant at the 95% level) over the last 50 years of the
twentieth century. Further, the analysis reveals that
the Mediterranean summer temperatures were higher in

the 1860s, 1950s and 1990s and lower around 1910 and
in the 1970s. A significant temperature increase of 0.5 �C
(0.27 �C) is found for the 1900–1999 (1850–1999) period.

1 Introduction

Ecological systems, human health and socio-economic
sectors, all of which are vital for sustainable develop-
ment, are sensitive to climate change (Watson et al.
1997). Quantifying and understanding climatic changes
at the regional scale is one of the most important and
uncertain issues within the global change debate. Until
the present, projections of regional climate changes for
the twenty first century have been based on coupled
atmosphere–ocean general circulation model (AOGCM)
simulations of the climate system response to changes in
anthropogenic forcings (e.g. Kattenberg et al. 1996;
Cubasch et al. 2001).

A step towards the understanding of regional climatic
changes and impacts is the assessment of the charac-
teristics of natural climate variability and of the
AOGCM performance in reproducing it (Giorgi
2002a,b). Climate variability can mask man-made forced
signals, so that a characterization of the natural vari-
ability is necessary to evaluate the intensity of the forced
change signal.

A large number of previous studies described trends
and variability through a wide range of scales, from the
global to the local (e.g. Nicholls et al. 1996; Jones et al.
1999; Easterling et al. 2000; Hansen et al. 2001, 2002;
Folland et al. 2001; New et al. 2001). The structure of
climate series can differ considerably across regions and
locations showing variability at a range of scales in re-
sponse to changes in the direct radiative forcing and
variations in internal modes of the climate system (New
et al. 2001; Hansen et al. 2001; Giorgi 2002a).

Mediterranean climate constitutes an issue of partic-
ular concern within the context of regional climate
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variability and change. The IPCC (2001) has shown that
higher maximum temperatures and more hot days are
likely to increase in frequency during the twenty first
century. Over the last few decades, extended heat waves
and droughts appear to have become more frequent in
the Mediterranean (IPCC 2001). These can have disas-
trous consequences on natural ecosystems and several
aspects of society like health or economic wealth: heat
waves cause rises in the death rate, especially in urban
areas (e.g. July/August 1983, July 1987, 1988 in Greece,
1998 in Cyprus, Katsouyanni et al. 1988, 1993; Giles and
Balafoutis 1990; Giles et al. 1990; Matzarakis and
Mayer 1991, 1997; Perry 2001); soil degradation may
force migration, an issue of great concern particularly in
the southern Mediterranean area; prolonged droughts
and water supply problems and fires might weaken
tourist inflows to the Mediterranean (Kundzewicz et al.
2001; Tsiourtis 2001). The extent and severity of deser-
tification, water shortage and water quality, food secu-
rity, risks in public health, sensitivity of valuable
ecosystems and indirect effects on national economies
are some of the topics indicating the vulnerability of the
Mediterranean basin to climate variability.

Fluctuations and changes in atmospheric circulation
are important elements of the climate. Namias (1948)
was among the first to state that the mean monthly
geopotential height fields for mid tropospheric levels
determine monthly air temperature anomalies. There-
fore, advective processes exerted by the atmospheric
circulation are a crucial factor controlling the regional
air temperature changes (e.g. Trenberth 1990, 1995; Xu
1993; Hurrell 1995; Hurrell and van Loon 1997; Slono-
sky et al. 2001; Xoplaki et al. 2000, 2002; Jacobeit et al.
2001; Pozo-Vázquez et al. 2001; Slonosky and Yiou
2002; Xoplaki 2002).

The Mediterranean basin and the surrounding lands
are influenced by some of the most relevant mechanisms
acting upon the global climate system. It marks a tran-
sitional zone between the deserts of North Africa situ-
ated within the arid zone of the subtropical high and
Central and Northern Europe affected by the westerly
flow during the whole year. In addition, the Mediterra-
nean climate is exposed to the South Asian Monsoon in
summer, the Siberian High Pressure System in winter,
the El Niño Southern Oscillation and the North Atlantic
Oscillation (e.g. Corte-Real et al. 1995; Maheras 2000;
Ribera et al. 2000). The main physical and geographical
factors controlling the spatial distribution of the climatic
conditions over the Mediterranean are the atmospheric
circulation, the latitude, the altitude and generally the
orography, the land–sea interactions (distance from the
sea) and smaller scale processes (Lolis et al. 1999; Xo-
plaki et al. 2000; Xoplaki 2002). The size, position, and
configuration of the Mediterranean produce a variety of
local modifications that ranges from desert to humid
mountain climates.

Mediterranean climate is also influenced by the
almost enclosed Mediterranean Sea itself. It represents
an important source of energy and moisture for cyclone

development and its complex land topography plays a
crucial role in steering air flow (Bartzokas et al. 1994;
Trigo et al. 1999; Maheras et al. 2001).

Mediterranean summers are warm and mostly dry in a
large part of the basin. This can be mainly attributed to a
strong high pressure ridge extending from theAzores sub-
tropical high. Over Egypt, this ridge is displaced south-
ward by a trough extending northwest from the Arabian
Gulf towards Greece, which is associated with the Indian
summer monsoon depression (Palutikof et al. 1996).

Giorgi (2002a) analyzed the winter, summer and
yearly air temperature variability and trends over the
larger Mediterranean land-area (averaged over the grid
points 30�N–48�N and 20�W–40E) for the period 1901–
1998 based on the gridded (0.5�·0.5� latitude–longitude)
data set of New et al. (1999, 2000). He found a statis-
tically significant annual warming trend over the larger
Mediterranean land-area of around 0.75 �C (1901–
1998), mostly from contributions in the early and late
decades of the century. Slightly higher values were ob-
tained for winter and summer. This is in agreement with
the findings of the IPCC (Folland et al. 2001). Based on
the same gridded data (New et al. 1999, 2000), Jacobeit
(2000) found a significant overall summer warming over
the entire Mediterranean for the period 1969–1998.

It has also been proposed that sea surface tempera-
ture (SST) anomalies govern, at least partly, precipita-
tion and air temperature anomalies in neighboring
continental regions (Hunt and Gordon 1988; Zorita et al.
1992; Reddaway and Bigg 1996; Rimbu et al. 2001;
Xoplaki 2002; Xoplaki et al. 2002). In addition, there are
strong indications that fluctuations in SST, and hence
fluctuations of surface fluxes, are intimately involved in
decadal-scale climate variability (Trigo et al. 2000).

Many studies have been published relating changes in
Mediterranean air temperature regimes to the large-scale
atmospheric circulation (Corte-Real et al. 1995, 1998;
Reddaway and Bigg 1996; Hurrell and van Loon 1997;
Kutiel and Maheras 1998; Maheras et al. 1999; Saenz
et al. 2001; Kutiel and Benaroch 2002; Xoplaki 2002;
Xoplaki et al. 2002). Parts of these papers have evalu-
ated the fraction of air temperature variability explained
by major sea level pressure (SLP) and/or upper-air large-
scale anomalies. Other studies analyzed the air temper-
ature variability patterns over a specific geographical
area in the Mediterranean and identified the surface and
upper-air large-scale anomalies such as the North
Atlantic Oscillation, the Eastern Atlantic pattern, the
Scandinavian pattern, the Eurasian pattern (Barnston
and Livezey 1987) and the El Niño Southern Oscillation.

To determine the cause of the observed changes in
Mediterranean air temperature over the last few decades
needs improved understanding of the origin of the
atmospheric circulation changes as well as the influence
of the state of the SSTs. Instead of relating one single
field to explain spatial climate variability, it is more
appropriate to combine information from various large-
scale climate fields in order to account for stronger
relations and a higher amount of air temperature and
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precipitation variability over a given area. Xoplaki et al.
(2002) showed that the combination of eight large-scale
predictor fields including SLP, geopotential height fields
at different levels, thickness and Mediterranean SST
fields explain more of the total summer air temperature
variability over Greece and western Turkey than using a
single field alone.

In this study, we extend our analysis over the entire
Mediterranean to improve our understanding of inter-
annual and decadal variability of Mediterranean sum-
mer air temperature for the period 1950–1999. The
simultaneous relationship between the combined infor-
mation of large-scale atmospheric circulation at various
levels and SSTs is directly assessed with an optimal
methodology. Hundreds of series of monthly surface air
temperature measurements, quality checked and ho-
mogenized, will be used in combination with reanalysis
data and SST fields.

In Sects. 2 and 3, the data sets and the multivariate
methods are briefly described. Section 4 includes the
results related to the combined information of large-
scale anomaly fields of SLP, geopotential height fields,
thickness patterns and SSTs to Mediterranean summer
air temperature through canonical correlation analysis
(CCA) in the empirical orthogonal function (EOF)
space. The discussion and the conclusions are presented
in Sects. 5 and 6, respectively.

2 Data

The following data sets have been used in this study: (1) gridded
(2.5�·2.5� latitude–longitude resolution) SLP data, geopotential
heights at different levels (1000 hPa, 850 hPa, 700 hPa, 500 hPa
and 300 hPa) and gridded (T62 Gaussian grid) air temperature at
2 m height were taken from the NCEP/NCAR reanalysis data sets
(Kalnay et al. 1996; Kistler et al. 2001). Monthly mean values were
computed from the 6-hourly data. Thickness fields (300–500 hPa;
500–700 hPa and 1000–700 hPa) were derived from the corre-
sponding geopotential height data. The monthly SST data were
taken from the Global Sea Ice Surface Temperature, version 2.3b
(GISST2; spatial resolution is 1�·1� latitude–longitude) dataset
(Rayner et al. 1996, updated). (2) Monthly station series of air
temperature for the area 25�–48�N and 10�W–45�E including 30

countries along or close to the Mediterranean Sea were collected
and digitized. The data were obtained mainly from the various
National Meteorological services or other official institutions. For
countries that did not provide any data, the GHCN (Global His-
torical Climatology Network) version 2 air temperature data have
been used, which are extensively quality controlled (Vose et al.
1992; Peterson and Vose 1997; Peterson et al. 1998; for a detailed
discussion of the GHCN v2 data the reader is referred to: http://
cdiac.esd.ornl.gov/ghcn/ghcn.html#over2).

From 1901 to the end of the 1940s the Mediterranean areas are
characterized by poor station coverage, especially over Northern
Africa and the eastern basin. Around 1950 there is a sharp increase
in the number of stations, which were mainly due to the inclusion
of the 1951–1960 version of the World Weather Records dataset in
the World Monthly Surface Station Climatology (Dai et al. 1997)
Therefore, the analysis is restricted to the 50 year period 1950–1999
with a spatially homogeneous station distribution of 247 air tem-
perature series over the larger Mediterranean area.

The selected period of our analysis covers the summer months
June 1950 to September 1999 for air temperature. Figure 1 shows
the distribution of stations with continuous monthly records of air
temperature for the period 1950–1999. Homogenized series are
marked with triangles, quality controlled (according to the guide-
lines of the World Meteorological Organization (WMO 1986)) with
circles and GHCN v2 series with crosses. In order to isolate the
characteristics of the atmospheric variability regarding the larger
Mediterranean area, a spatial window was selected, based on the
highest correlation between the first principal component (PC) of
the Mediterranean summer air temperature and the large-scale
Northern Hemisphere geopotential height fields. The geographical
area spanning from 60�W to 80�E and 10�N to 80�N, including
1653 grid points, provides the most valuable atmospheric infor-
mation concerning summer air temperature over the Mediterra-
nean area. To relate SST to the Mediterranean summer air
temperature, a spatial window (with 1100 grid points) covering the
entire Mediterranean and the Black Sea (9.5�W–44.5�E, 30.5�–
49.5�N) was chosen.

3 Methodology

Canonical correlation analysis in empirical orthogonal function
space is used to investigate the connection between the large-scale
climate states and the summer air temperature variability. The
CCA is an appropriate method to search for the linear relationship
between two space/time dependent variable sets. The CCA selects
pairs of spatial patterns of each variable set such that the (time
dependent) pattern amplitudes are optimally correlated. The ca-
nonical time series describe the strength and the sign of the cor-
responding pattern for each realization in time. In this work, the

Fig. 1 Location of stations with
continuous monthly records of
air temperature for the period
1950–1999. The stations are
separated into homogenized
(triangles), quality controlled
(solid circles) and GHCNv2b
(crosses) time series. Open
squares indicate the discarded
stations from the analysis in the
final CCA (see text in Sect. 3 for
details)
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canonical series are normalized to unit variance and the canonical
correlation vectors (patterns) represent typical anomalies in the
units of the variable respect to its mean state. The correlation be-
tween the canonical series measures the degree of association be-
tween the canonical patterns of predictor and predictand variables.
Before CCA, the original data are usually projected onto their
EOFs retaining only a limited number of them, accounting for
most of the total variance and avoiding noise.

The advantages of using data in EOF space can be summarized
as the independence of the data (orthogonal functions), the possi-
bility to retain a certain number of EOFs for the subsequent CCA
and the reduction of the problem’s dimensionality. Discarding too
many EOFs could lead us to exclude part of the significant signal
and consequently to a poorer prediction of the overall CCA model.
On the other hand, retaining too many EOFs could lead to an
overfit of the statistical models to the particular data sets and pe-
riod considered, most likely missing an adequate description of the
underlying process.

During the model calibration step, the criterion was to select the
number of eigenvectors for each predictor and predictand variable,
which provided the best results in the cross validation process. The
selected PCs are used as input for the CCA analysis and the re-
sulting canonical patterns are regressed with the original datasets to
produce the canonical components. The predictor and predictand
canonical patterns are used in the verification period to estimate the
regional summer temperatures from the large-scale variables in a
similar manner to Zorita and von Storch (1999), González-Rouco
et al. (2000, 2001) and Xoplaki et al. (2002). No lead or lag rela-
tionships were taken into consideration for this work, our analysis
was restricted to simultaneous connections between the different
fields and summer air temperature.

Similar CCA experiments as in Xoplaki et al. (2002) were per-
formed though for the entire Mediterranean in two different ways:
(1) nine CCA experiments relating each single predictor data (SLP,
geopotential height, thickness and SST predictor fields) to summer
air temperature and (2) CCA experiments (see later) with multi-
component predictors.

The first approach allows us to study the relationship between
each large-scale variable and Mediterranean temperature. The sec-
ond approach has the advantage of relating summer air temperatures
to the joint information from various atmospheric and SST fields
allowing assessment of the improvement in predictability when sev-
eral predictors are used simultaneously. In this case, in order to
reduce the dimensionality of the problem, two EOF analyses were
applied to the predictor fields. The first onewas used in order to select
a few of the first PCs of each of the original variables. The resulting
components were merged together and a second EOF analysis was
performed on them to pick up the main modes of variation common
to all predictor fields as in Xoplaki et al. (2002). Finally, a number of
the resulting predictor PCs was selected to perform the CCA in
combination with the PCs of the predictand field.

Detailed discussion on the EOF and CCA methods can be
found in Barnett and Preisendorfer (1987), Wilks (1995), von
Storch and Zwiers (1999), Livezey and Smith (1999a,b) and Smith
and Livezey (1999).

3.1 The cross-validated CCA

Cross-validation is a statistical procedure used to reduce the
problem of artificial skill produced by the overfitting of random
variability in small samples of data (Barnett and Preisendorfer
1987; Michaelsen 1987; von Storch and Zwiers 1999). The proce-
dure is nonparametric and can be applied to any automated model
building technique. Cross-validation is a resampling technique,
where the available data are repeatedly divided into validation and
verification data subsets. In the model building procedure, a few
observations are omitted and then the model is tested on the
skipped observations. If n is the time length of the available data
sets, cross-validation is carried out using calibration subsets of
length m and verification subsets of length n–m, the number of
partitions being then n!/(m!)(n–m)! (Wilks 1995).

The cross-validation was applied by discarding four observa-
tions (months) from the data set in each step and then predicting
them, based on the remaining data. This process was repeated for
each summer season in the 50-year record. The model is fitted to
the retained data (196 summer months) and used to make specifi-
cation of the withheld data (von Storch and Zwiers 1999).

The performance of the statistical model was evaluated by
calculating the correlation (q) and the Brier skill score (b, Brier
1950; Wilks 1995; von Storch and Zwiers 1999) between the pre-
dicted and the raw data. The correlation provides a measure of time
concordance in the series, while the Brier score allows for a measure
of the explained variance by the model (Livezey 1995). The Brier
skill score is a widely used accuracy gage of quality of probability
forecast accuracy, usually in relation to climatology. It is conven-
tionally described as the relative probability score compared
with the probability score of a reference forecast. It is defined as
b ¼ 1� S2

FP=S2
P

� �
where SFP

2 represents the variance of the error of
the forecasts F to the reference predictands P and SP

2 stands for the
variance of the predictand variable. The last term is the ratio of the
error variance and the observations variance. Thus, the Brier skill
score with climatology as the reference is also the proportion of
explained variance. Thus, for predictions with errors which vari-
ance ranges on the order of the variance of the predictand, b will be
close to 0 or negative and for predictions with a small amount of
error, b tends to 1 (von Storch and Zwiers 1999). Negative pre-
dictions would indicate that climatology may be a better forecast
than that tested.

For the calculation of the CCA experiments, a varying number
of EOFs and canonical components were selected for the predictor
and predictand variables. The objective criterion used to retain the
optimal number of patterns was to select the EOFs and CCAs that
provided the best results in terms of q and b during the validation
process.

In order to improve the coherence between the predictor and
predictand fields as well as accounting for a maximum amount of
variance of regional air temperature, we performed a screening and
excluded insignificant stations. The stations with non-significant
correlation at the 99% level (r > = 0.18 with n = 200; serial
correlation not included) between the cross-validated and the raw
data in at least six out of the nine predictor fields were omitted. The
CCA experiments have been re-performed with the reduced air
temperature (213) time series. The discarded air temperature sta-
tions are indicated by open squares in Fig. 1.

As a first step before the EOF and CCA analyses, the annual
cycle was removed from all station and grid point time series by
subtracting from each monthly value the respective month’s 1950–
1999 long-term mean. In order to account for the latitudinal dis-
tortions, each grid point of the large-scale field anomalies was
weighted by the square root of cosine of latitude (u) to ensure that
equal areas are afforded equal weight in the analysis (North et al.
1982). The long-term stationarity of the time series is preserved for
the calculation of EOF and CCA through detrending the time series
with a linear least square fit. Subsequently, eigenvectors (canonical
vectors) are obtained via diagonalization of the covariance (cross-
correlation) matrix. Once the eigenvectors (canonical vectors) are
available, the PCs (canonical series) can be obtained through re-
gression (von Storch and Zwiers 1999) of the original not detrended
dataset with the eigenvectors (canonical vectors).

4 Results

Figure 2 presents the spatial and temporal characteris-
tics of summer (JJAS) temperature over the Mediterra-
nean between 1950 and 1999. For the purpose of
comparison, observational data are plotted with NCEP
reanalysis values (Kalnay et al. 1996; Kistler et al. 2001).
Figure 2a, b shows the average and standard deviation
patterns at the 213 sites (colour shading) and in the
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reanalysis data (contours). The most extensive areas of
summer high air temperatures up to 30–32 �C are
over the desert areas of North Africa and the Near East.
At the northernmost part of the area under consider-
ation, the summer temperatures are approximately
10 �C lower. Standard deviations reveal the opposite
with increasing variability from south to north, ranging
from values of 1 �C in the southeast to 3 �C in the
northern areas. In general, there is good agreement in
the behaviour of the observations and reanalysis data.
Local discrepancies arise due to the higher resolution of
the observations that present more spatial variability. In

this first approach, picturing the variability of the data,
land–sea contrast appears as the main factor controlling
the mean and deviation of temperature over the region
under investigation. The sharp gradients in the standard
deviation along the coastal areas are obvious in Fig. 2b
pointing to the thermal moderating effect of the ocean.

Figure 2c depicts the monthly time evolution of the
summer temperature anomalies (land areas) over
the region, both for the observations (solid line) and the
reanalysis data (dashed line). The coolest periods in
the Mediterranean were the 1960s and 1970s, with the
coolest year in 1976 and the warmest summers in 1994

Fig. 2a–c Spatial and temporal
characteristics of the
Mediterranean summer (JJAS)
temperature; 1950–1999.
a Summer mean temperature
over the 213 Mediterranean
sites (grey shading) and from
the NCEP-reanalysis data
(contours). b Summer
temperature standard deviation
over the Mediterranean stations
(grey shades) and based on the
reanalysis data (contours).
c Mediterranean monthly
summer temperature anomalies
(land areas) for the
observations (solid line) and the
reanalysis data (dashed line)
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and 1999. Therefore, decadal variability during this
period reveals cooling in the 1950s and warming since
the mid 1970s. The trend for the period 1950–1960 is
–1.15 �C/decade and 0.5 �C/decade for the period 1980
to 1999 (both trends evaluated on the observational data
and are significant at the 95% level, allowing for auto-
correlation). The trend over the entire 50 years from
1950–1999 is 0.08 �C/decade (statistically significant at
the 95% level, allowing for autocorrelation). Here too, a
good agreement between observations and reanalysis is
found, pointing to a good quality in both datasets and
the robustness of the trends described.

4.1 CCA in EOF space

The different EOF–CCA-cross-validation experiments
for the Mediterranean summer air temperature are
summarized in Table 1. In the first column, the different
predictors (geopotential heights, SLP, thickness fields
and SSTs) are presented. The second column shows the
number of predictor and predictand EOFs retained for
each experiment either unicomponent or multicompo-
nent. The cumulative explained variance of the predictor
fields is given in the fourth column. In columns five to
eleven, a summary of the EOF-CCA experiments is
shown. Columns five to seven contain the canonical
correlations (r1, r2 and r3) of the first three CCA pairs
between the circulation, thermal predictors and the
summer air temperature, while the corresponding
explained variance (TT-Exp. Var. 1) for the predictands
is given in the following three columns (columns eight to
ten). The eleventh column reveals the total explained
variance (TT-Tot. Exp. Var. 1–3), taking into consid-
eration only the first three canonical pairs. The last two
columns present the performance of the models; in the
second last column, the performance is presented in
terms of the correlation skill score (q) whereas the last
column shows the Brier skill score (b), as described in
the methods section. The q and b values presented in
Table 1 correspond to the spatial average over all the qi

and bi (i = 1, …, 213).
The connection between each single large-scale

predictor field and the summer air temperature has
been investigated, and its results are shown in rows
two to nine of Table 1. The second approach deals with
the combined influence of three predictors and its results
for summer air temperature are presented in rows 11
and 12.

4.1.1 Unicomponent EOF–CCA-cross-validation

For the Mediterranean summer air temperature the
EOF–CCA-cross-validation experiments with single
predictor fields were conducted with the leading eight
predictor data EOFs, accounting for between 64.6%
(700–1000 hPa thickness) and 91.2% (SSTs) of the total
variance (Table 1) and the three and five leading air
temperature EOFs, explaining 66.2% and 75.7% of the T
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summer variability, respectively. The results contained
in Table 1 refer to five retained summer air temperature
EOFs, with significantly better model performance than
three EOFs.

According to the total explained variance of the
Mediterranean summer air temperature, the most skilful
circulation predictors are the 300 hPa and 500 hPa
geopotential heights. The best thermic predictor is the
700–1000 hPa thickness field followed by the Mediter-
ranean SSTs. Atmospheric thickness and SSTs tend to
perform better than circulation predictors do. Poorer
performance is obtained using the SLP as predictor
variable. Cross-validation (last two columns of Table 1)
mostly confirms the behaviour of CCA1, with higher
(lower) skill on the upper levels concerning the geopo-
tential (thickness) fields.

4.1.2 Multicomponent CCA

Several CCA experiments with multicomponent predic-
tor fields and temperature have been designed (Table 1).
In the first EOF analysis of each predictor field, tests
were made selecting 80%, 85% and 90% of variance. In
addition, several experiments have been performed with
varying numbers of retained EOFs prior to the CCA.
The best performance was obtained by selecting 80% of
variance from each predictor field and retaining 16 PCs
in the second EOF analysis of the predictor variables.
For the summer temperature predictand variable, a
number of five PCs (77.5% variance) was retained be-
fore performing the CCA.

The calculations with the Mediterranean summer air
temperature as predictand were applied with various
numbers of EOFs for the large-scale and for the pre-
dictand fields. Several experiments have been conducted
with the full set of the nine large-scale predictors.
Compared to the unicomponent experiments, no sig-
nificant gain has been obtained either in the total
explained variance or in the model’s performance
(Table 1, row 11). For this reason, we performed an-
other experiment only with the three large-scale fields,
explaining the highest amount of variability and with
best performance in the cross-validation procedure in
the unicomponent cases. Thus, the 300 hPa geopotential
heights field, the 700–1000 hPa thickness and the Med-
iterranean SSTs have been selected as predictors, with
considerable improvement of the model (Table 1, row
12). Considerably higher values in the total explained
variance of the Mediterranean summer air temperature
are achieved by applying the multicomponent CCA ex-
periments. Moderate gain is obtained in the perfor-
mance of the model (last two columns in Table 1). More
than 50% of the Mediterranean summer air temperature
is explained by the three combined predictors.

The results of the multicomponent CCA experiments
including three predictor fields for summer temperature
are described in the following section with the aim
of studying the interannual covariability between
the Mediterranean summer air temperature and the

combined large-scale circulation at different levels,
thickness and SST fields during the period 1950–1999.

4.2 Maps of CCA results

The relationship between the interannual variability in
the three large-scale predictors with best performance in
the unicomponent CCA (300 hPa geopotential heights,
700–1000 hPa thickness and Mediterranean SSTs) and
Mediterranean summer air temperatures is studied by
means of multiple CCA in the EOF space. Canonical
series and their associated spatial vectors for the leading
two modes are presented in Figs. 3 to 6. All the maps in
these figures are regression maps between the resulting
canonical series and the original fields, thus, anomalies
indicate realistic deviations in the physical units of each
variable. These figures can be interpreted with the pre-
sent sign configuration or with opposite sign both for the
patterns and the time series.

Figure 3 presents the results for the first canonical
mode using three large-scale predictors for local summer
air temperature over the larger Mediterranean area. In
the case of the three predictors 16 EOFs were retained;
for the Mediterranean summer air temperature five
EOFs were selected (see Table 1). The first CCA exhibits
a correlation between the multicomponent 300 hPa
geopotential height, 700–1000 hPa thickness, Mediter-
ranean SST fields and the summer air temperature of
0.97. CCA1 accounts for 30.6% of the summer tem-
perature variability. The canonical component (Fig. 3)
of the 300 hPa geopotential height field explains around
4% of the total upper height variability. The spatial
pattern shows strong positive anomalies centred over
Central Europe. A region of negative anomalies with its
centre over southeast Greenland extends to the north–
east around the area of positive anomalies. The western
and central Mediterranean is dominated by this large-
scale anomaly whereas the eastern Mediterranean is only
marginally influenced.

The 700–1000 hPa thickness pattern indicates a sim-
ilar structure as the 300 hPa geopotential height field,
with a warm troposphere over much part of Europe and
the central and western Mediterranean. From Libya to
Turkey and the entire Near East, there is evidence of a
cooler lower troposphere. The pattern accounts for
around 5% of the total large-scale summer thickness
variability.

The SST anomaly pattern reveals a monopole pattern
with positive (negative) values over the entire basin.
Maximum departures are prevalent in the Ligurian Sea
(northern Italy and southern France), the lowest values
are found in the western basin and the Levant Sea. This
pattern accounts for around 28% of summer Mediter-
ranean SST variability.

The summer surface air temperature pattern exhibits
a gradual decrease of positive anomalies from Central
Europe towards the eastern Mediterranean. Egypt
and the Near East countries indicate slightly negative
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temperature anomalies. This anomaly configuration
seems to follow that of the 700–1000 hPa thickness field.

Figure 3e shows the first pair of canonical series in-
dicating variability from monthly to interdecadal scales.
The late 1960s and 1970s present a tendency to more
frequent negative values of the canonical series sug-
gesting a higher frequency of states in which the patterns
described appear with the reversed sign. The 1950s and
1990s indicate however a tendency to positive values.
This forms the interdecadal variability in this canonical
mode showing a negative trend since the beginning of
the period to the late 1970s and a positive trend since
then to the end of the twentieth century. The correlation
between this series and the spatial average of summer
temperature in Fig. 2c is 0.76 (significant at the 95%
level). Thus, it seems that there is an important contri-
bution from this canonical mode to the long-term trends
in regional temperature over the Mediterranean. This
topic will be further addressed in the discussion section.

Figure 4 shows complementary information present-
ing the regression maps between the first canonical series
and several geopotential height variables (500 hPa,
700 hPa, 850 hPa), thickness fields (300–500 hPa, 500–
700 hPa), SLP and surface temperature as provided by
the NCEP reanalysis (Kalnay et al. 1996; Kistler et al.
2001). SLP and the geopotential height variables show
virtually the same large-scale structure as the 300 hPa

field. The amplitude of the anomalies in the geopotential
height variables seems to increase with height. Thickness
fields are also comparable to the 700–1000 hPa anom-
alies shown in Fig. 3b. Figure 4g reveals a remarkable
agreement with Fig. 3d indicating that the temperature
anomalies described above extend further northward to
the British Isles and southern Scandinavia.

The second CCA mode (Fig. 5) (0.94 correlation)
explains around 6% of the 300 hPa and 700–1000 hPa
predictors, 16% of the SSTs variance and 24% of the
Mediterranean summer air temperature. The pattern of
the 300 hPa geopotential height indicates a negative
anomaly centred over the North Sea region covering the
northwestern part of the larger Mediterranean area; an
area of positive anomalies extends from the Ural moun-
tains to the south and west reaching the eastern half of
the Mediterranean. The pattern of the 700–1000 hPa
anomaly fields resembles that of the 300 hPa geopoten-
tial height field showing a colder (warmer) area in the
western part of the Mediterranean under the negative
(positive) geopotential height anomaly.

The east–west structure appears also in the SST
anomaly field with positive (negative) values east (west)
of around 10�E including the Black Sea. However, the
differences in �C are rather small.

Negative summer air temperature anomalies over
Switzerland, France, Spain and Portugal can be related

Fig. 3 Canonical spatial
patterns of the first CCA. The
canonical correlation patterns
reflect the typical strength of the
signal, with a 300 hPa. b 700–
1000 hPa. c SST. d air
temperature anomalies in �C.
e normalised time components
of CCA 1
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to the influence of the large-scale negative upper level
anomaly, a cooler lower troposphere and lower SSTs
over the western Mediterranean. Over the majority of
the larger Mediterranean area, warmer summer condi-
tions are connected with an upper level ridge, a warming
within the first 3500 m and positive SSTs.

The second pair of canonical series (Fig. 5e) shows
intense negative anomalies in the summers of 1976, 1983
and 1989, and positive in 1952 and 1999. In general, it is
apparent that there was a negative phase from the late
1960s to the end of the 1970s and positive phases in the

1950s and 1990s. Thus, as in the case of the first
canonical series there seems to be a contribution on
decadal and long-term variability from this canonical
mode. The correlation between this series and the spatial
average of temperature in Fig. 2c is 0.58 (significant at
the 95% level).

Figure 6 shows regression maps between the second
temperature canonical series and the large-scale vari-
ables that were not used as predictors in this analysis,
as well as surface temperature from the NCEP
reanalysis. Once again, the geopotential and thickness

Fig. 4a–g Regression maps
between NCEP large-scale
variables and the
Mediterranean temperature
first canonical series shown in
Fig. 3e
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variables follow the configurations already described
for the second CCA mode. The analysis highlights
stronger geopotential anomalies on the highest levels.
For instance, it can be pointed out that the signature of
the region of positive anomalies over Russia vanishes
almost completely for the lower troposphere. This
feature will be considered in more detail in the dis-
cussion section.

The surface temperature (NCEP) regression map,
though with lower resolution than that of Fig. 3e, pro-
vides a broader spatial perspective. It shows that positive
and negative anomalies in the Mediterranean area
extend northward mimicking the areas covered in
extension by the negative and positive anomalies in the
upper geopotential height and thickness variables.

Figure 7 shows the spatial distribution of skill using
the model with three predictors (300 hPa geopotential
height, 700–1000 hPa thickness and SSTs) as presented
in Figs. 3 to 6. Essentially, both the correlation and the
Brier skill score indicate a very similar spatial structure
with higher values in the northern half of the studied
area. Therefore, in these regions the downscaling model
performs better. We should bear in mind that this is the
region with higher variance in the dataset (Fig. 2b). It
should also be pointed out that this skill pattern is
somewhat reminiscent of the first canonical vector of

Mediterranean temperature (Fig. 3d), a reasonable
finding considering that this is the mode that accounts
for more regional variance. This behaviour in the skill
was also found in the downscaling approach of Gon-
zález-Rouco et al. (2000) for precipitation in the Iberian
Peninsula.

5 Discussion

The description of the mean state and the variability of
recent climate has implications in several aspects of
regional climate change research: monitoring and
detecting climate change, calibration of or merging with
satellite data, climate model evaluation, biogeochemical
modelling, and construction of climate change scenarios
(New et al. 1999).

As stated in the introduction, progress in under-
standing climate variability in the Mediterranean area is
not only an issue of interest in itself, but also of rele-
vance for society and natural ecosystems (IPCC 2001).
Climatic extremes predictions and potential changes
expected from an increase in anthropogenic emissions
depend on the knowledge of the meaningful modes of
large-scale climate which drive regional climate changes
and extremes.

Fig. 5 Canonical spatial
patterns of the second CCA.
The canonical correlation
patterns reflect the typical
strength of the signal, with
a 300 hPa. b 700–1000 hPa.
c SST. d air temperature
anomalies in �C. e normalised
time components of CCA 2
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This work tries to contribute to the understanding of
climate variability in the Mediterranean area. The
results presented in the last section show that about 56%
of the summer Mediterranean temperature variability
during the second half of the twentieth century can be
explained by making use of three canonical modes.

The large-scale patterns for the first CCA mode
(Figs. 3, 4) reveal a dipole configuration in the North
Atlantic. In the positive phase of the dipole a deep centre
with positive 300 hPa geopotential height anomalies is
located over Central Europe; an area of negative
anomalies presents higher values south of Iceland and
the surrounding northern region; the positive anomalies

extend to the western Ural mountains and the northern
Caspian Sea. As described in the last section the other
geopotential variables and thickness fields show a simi-
lar configuration indicating higher (lower) temperatures
in the high (low) pressure regions. SSTs and surface
temperatures reveal higher values in the northwestern
part of the Mediterranean under the high pressure
region.

This dynamic configuration strengthens the zonal
flow over Northern Europe and the easterly–northeast-
erly flow over the Mediterranean. The increased stability
leads to clear sky conditions and maximum insolation
in the area. Xoplaki et al. (2002) have shown that

Fig. 6a–g Regression maps
between NCEP large-scale
variables and the
Mediterranean temperature
second canonical series shown
in Fig. 5e
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precipitation presents positive correlation values with
the negative geopotential height regions and negative
values with the positive geopotential height areas sup-
porting the presence of clear skies and stability in the
warm highs. Thus, the radiative ‘bonus’ favoured by the
dynamical configuration could be the main factor
allowing for the higher temperatures in the warm high
pressure regions. The SSTs anomaly structure follows
that of the atmospheric anomalies. Since the atmo-
spheric structure dominates over a much larger area
than the sea anomaly pattern and also over the whole
troposphere, we suggest that the atmosphere seems to be
the forcing agent for the ocean in this CCA mode.

The negative phase of the first CCA mode can be
discussed reversing the sign in the previous reasoning. If
the positive phase can be made responsible for a rein-
forcement of the zonal flow over Northern Europe, the
negative phase would contribute to a weakening of it,
allowing for winds with westward components over the
Baltic Sea and strengthening of the westerlies and
southwesterly flow in theMediterranean. As described by
Xoplaki et al. (2002), this behaviour could be labelled as
that of a ‘high-index’ type: for the positive (negative)
phase of this CCA mode, negative (positive) anomalies
dominate in higher latitudes and positive (negative) ones
over the Mediterranean. This leads to a weakened
(intensified) zonal flow to the Mediterranean and north-
ward (southward) shift of the Subtropical Jet (300 hPa).

Concerning the second CCA mode (Figs. 5, 6), the
300 hPa field shows a configuration of zonally distrib-

uted anomalies of alternating sign and extending from
southern Greenland to the Middle East. A similar rea-
soning can be made as in CCA1 about the warm highs
(cold lows) favouring (inhibiting) radiative warming.
From the dynamical point of view, the circulation con-
figuration can be pictured, as in Xoplaki et al. (2002) as
that of a ‘low-index’ type. In summer months with high
positive values of this CCA mode there is an increase in
the frequency of anomalous meridional flow over
Europe, from Scandinavia towards the western Medi-
terranean, connected with the Polar Front Jet mean-
dering between a low centred over Great Britain, a high
over Eastern Europe and a low to the southeast of the
Caspian Sea. The negative phase of the mode reveals the
opposite sign configuration. In this context, SSTs and
surface temperatures behave in accordance with the
atmospheric patterns, with negative anomalies below the
cold low (western Mediterranean) and positive anoma-
lies under the warm high (central and eastern Mediter-
ranean). As in the previous mode, the SSTs seem to
follow the atmospheric anomalies under the surplus
(highs) or deficits (lows) of radiation. At the surface, the
SLP pattern shows some signs of the high pressure sys-
tem over Russia, but over the Mediterranean it has
completely given way to the low pressure system over
Great Britain which extends to the southeastern borders
of the Mediterranean. This configuration favours winds
from North Africa and the Sahara to the central and
western Mediterranean area, contributing to the warmth
in these areas (Maheras and Kutiel 1999).

The first CCA mode described in this section agrees
well with the second mode in the study of Xoplaki et al.
(2002) on summer temperatures over Greece, whereas
the second mode of influence for Mediterranean tem-
peratures coincides well with the first mode. Thus, it
seems plausible to extend the reasoning in their work to
the entire Mediterranean area. From this perspective,
the variability of summer temperatures in the Mediter-
ranean would be well described with a parsimonious
conceptual model invoking two modes, the ‘high-index’
type and the ‘low-index’ type, which picture transitions
from the zonal to the meridional flow.

The canonical series corresponding to both CCA
modes shown in Figs. 3e and 5e correlate well with the
spatial average of Mediterranean summer temperature:
0.76 and 0.58 for the first and second canonical mode,
respectively. Actually, direct contributions to some
specific exceptional temperature episodes can be directly
determined from observation of Figs. 2c, 3e and 5e. For
instance, the high temperatures in the 1994 and 1999
Mediterranean summers correspond well with peak
values in the scores of both canonical series. The first
canonical mode seems to have contributed to the high
scores in the early 1950s and the negative ones in 1996
while the second mode played an important role in the
exceptional 1964 summer that was warm for the central
and eastern Mediterranean and cooler for the western
regions. It is also worth mentioning the summer of 1976,
which was the coolest in the second half of the twentieth

Fig. 7 a Spatial distribution of correlation b Brier skill score
obtained from cross-validation for the model with three large-scale
predictors
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century (Fig. 2c) and can be attributed to the lowest
scores in the second canonical series (Fig. 5e). Accord-
ing to this analysis, the second canonical mode presented
its negative phase in 1976, with a deep low affecting the
central and western Mediterranean (Xoplaki et al. 2002)
and a high centred over the British Isles reaching
the western borders of the Mediterranean. Thus, this
accounts also for the very warm conditions experienced
in Great Britain (Ratcliffe 1978) at that time.

Concerning long-term trends, it seems that both
canonical series have contributed to the cooling trend in
the 1960s and the warming trend in the1980s. This is a
difference to Xoplaki et al. (2002) where no contribution
to long-term trends is found on the ‘high-index’ mode. A
possible explanation for this is that their analysis is re-
stricted to a part of the eastern Mediterranean. In this
area the first canonical component shown herein (second
component in their analysis) is less intense, a feature that
could have made trends less evident in their analysis.

Figure 8 allows for a further remark concerning long-
term trends and the associated large-scale configura-
tions. The use of SLP data from the NCAR dataset
(Jenne 1975; Trenberth and Paolino 1980) allows for a
broader perspective on trends since the beginning of the
twentieth century. The time series labelled CCA1 and
CCA2 in Fig. 8 show the regressed time series (10-years
moving average filter outputs) between the SLP dataset
(1900 to 1999) and the SLP patterns in Figs. 4d and 6d,
respectively. Previous to this step, the regression pat-
terns were interpolated to the same spatial resolution
(5�·5�latitude · longitude) as the SLP dataset. These
time series can be considered as an estimation with
minimum error of the intensities of the canonical series
in Figs. 3e and 5e through the entire twentieth century
using the information provided by the SLP dataset. In
Fig. 8, CCA1 and CCA2, show distinct cooling trends in
the 1960s and 1980s, in agreement with these statements.
However, their behaviour for the first half of the century
is rather different: while CCA2 indicates a clear de-
creasing trend through the whole period, CCA1 shows
high values in the 1920s and 1950s and a deep minimum
around 1910. The solid line in Fig. 8 (labelled Spatial
average) presents the standardized time series (10-years
moving average filter output) of the spatial average of

Mediterranean temperature using the dataset presented
in Fig. 1. CCA1 and the Mediterranean temperature
show a remarkable agreement in their evolution
throughout the twentieth century. The correlation
between the spatial average time series and CCA1 and
CCA2 is 0.86 (significant at the 95% level, allowing for
fewer degrees of freedom due to the filter) and –0.1 (not
significant), respectively. A CCA was made using the
NCAR SLP dataset as a single predictor and Mediter-
ranean temperatures (62 stations) for the period 1900 to
1999 (not shown here). The same time evolution as
shown in Fig. 8 was found.

Therefore, in view of these results we suggest that the
long-term trends in Mediterranean summer tempera-
tures through the twentieth century are inherently
related to the variation of the first canonical mode
(‘high-index’ type) described before. The associated
patterns between the surface of the atmosphere (SLP)
and the upper atmosphere variables (geopotential and
thickness variables) described by the first canonical
mode in Figs. 3 and 4 can be assumed to remain stable
in time. Thus, it can be argued that during the first half
of the twentieth century, the upper levels of the atmo-
sphere should have behaved in accordance to the CCA1
time series in Fig. 8.

The spatial average for Mediterranean temperatures
also describes the evolution of temperatures during the
second half of the twentieth century showing high values
during the 1860s (13 stations), comparable to those
during the 1950s and 1990s. For the period 1850 to 1999,
a trend of 0.018 �C/decade is found (significant at the
95% level). For the period 1900 to 1999, a change of
0.05 �C/decade is found. This points to an increase in
temperature of about 0.27 �C in the 1850–1999 period,
and of 0.5 �C in the twentieth century. This result agrees
in its order of magnitude with the warming trend indi-
cated by Folland et al. (2001) though their infra-esti-
mates show 0.75 �C as the warming value for the whole
century. The reasons for this difference could also be in
the different datasets used.

The modes of concurrent CCA pairs between Medi-
terranean temperature and the large-scale 500 hPa fields
presented by Corte-Real et al. (1995) also indicate the
presence of a four centred pattern causing higher than

Fig. 8 Regressed time series
(dashed lines) between the SLP
NCAR (Trenberth and Paolino
1980) dataset and the SLP
patterns in Fig. 4d (CCA1) and
Fig. 6d (CCA2). The solid line
(spatial average) corresponds to
standardized values of the
spatial average of
Mediterranean summer
temperatures for the period
1850 to 1999. All time series are
outputs of a 10-years centred
moving average filter
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normal temperatures to the central and eastern Medi-
terranean. The location and intensity of the leading
anomaly patterns within the two first CCAs revealed
some differences.

Corte-Real et al. (1995) investigated the connections
between the non-seasonal connection between regional
climate and the large-scale atmospheric circulation at
the 500 hPa level. Thus, these results can only partly be
compared with our findings due to the different temporal
and spatial resolution as well as the different EOF-CCA
experiments.

6 Conclusions

In this study, the interannual to decadal connection
between the Mediterranean summer (JJAS) surface air
temperature, as expressed by 213 station time series, and
the state of the large-scale atmospheric circulation, the
thickness patterns as well as the Mediterranean SSTs,
was investigated for the period 1950–1999.

Warmer Mediterranean summers characterize the
1950s, 1980s and 1990s and cooler summers were
prevalent from the mid-1960s to the mid-1970s. We
found a significant warming of 0.05 �C/decade over the
1980 to 1999 period. For the whole twentieth century,
the significant upward trend is of the order of 0.05 �C/
decade.

The CCA experiments with the combined, multi-
component large-scale predictors and summer tempera-
ture served to investigate the covariability between
geopotential height and large-scale thermal fields and
the Mediterranean summer air temperature. The com-
bined information of the 300 hPa geopotential height
field, the 700–1000 hPa thickness and the Mediterranean
SSTs account for more than 50% of the Mediterranean
summer temperature variability for 1950–1999. Addi-
tional predictors did not improve the statistical model.

The two canonical modes found agree well with those
of Xoplaki et al. (2002) and can be expressed in a simple
conceptual model invoking high-index and low-index
type of circulation configurations. The first CCA mode
(high-index type) pictures shifts on the zonal flow. In its
positive phase it is related to warm summers, blocking
conditions, subsidence and stability over the Mediter-
ranean. Further, warm summers can be attributed to a
warm lower troposphere as shown by thickness variables
and positive Mediterranean SSTs. The second CCA
component (low-index type) is associated with intrusions
of cold air in the upper atmospheric levels that derive
from a jet stream meandering between high and low
geopotential height anomalies of alternating sign, which
extend from the southwest of Greenland to the Caspian
Sea. In its positive phase, this mode leads to a warmer
(colder) central and eastern (western) Mediterranean,
thus a dipole pattern over the basin.

Both modes contribute to the trends in the second
half of the twentieth century, though it is shown that
only the first mode is related to the long-term trends for

the entire twentieth century. Thus, we suggest that the
high-index type situations regulate the long-term
changes in Mediterranean summer temperature allowing
for a surplus (deficit) of solar radiation reaching the
surface in the positive (negative) phase of the first
canonical component when high (low) pressure systems
are persistent in the area.

During the 1900 to 1999 period, summer Mediterra-
nean temperature increased by 0.5 �C. Since the begin-
ning of the records (1850), the increase in summer
temperature has been found to be 0.27 �C.

Our results contribute to the understanding of cli-
mate variability in the Mediterranean area during the
twentieth century. Implications can also be derived for
the climate change discussion since regional changes
due to the increase of the concentrations of greenhouse
gases and aerosols would be partially imposed by the
large-scale through changes in the intensity and fre-
quency of the patterns described herein (first CCA
mode). An appropriate assessment of the simulation of
the described modes of variability by AOGCMs is
needed as model validation as well as insight of the
extent to which the regional to large-scale relationships
are modified in scenario simulations. This type of
assessment can contribute to provide scenario predic-
tions of temperature and precipitation with high reso-
lution using the modes of variability described in this
work as a reference.
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Hydrology, Bulgarian Academy of Sciences, Sofia and D. Lister,
Climatic Research Unit, University of East Anglia, Norwich, UK;
Croatia: Dr. M. Gajic-Capka, Meteorological and Hydrological
Service of Croatia, Department for Meteorological Research,
Zagreb; Cyprus: Dr. L. Hadjioannou, Ministry of Agriculture,
Natural Resources and Environment, Meteorological Service,
Nicosia; Greece: Hellenic National Meteorological Service, Hel-
linikon, Athens; Israel: Dr. A. Porat, Ministry of Transport, Israel
Meteorological Service, Bet Dagan; Italy: Colonel Dr. M. Capaldo,
Aeronautica Militare, Centro Nazionale di Meteorologia e Cli-
matologia Aeronautica Aeroporto Pratica di Mare, Pomezia; Jor-
dan: Dr. H. AL Sha’er, The Hashemite Kingdom of Jordan,
Meteorological Department, Climate Division Amman Civil Air-
port, Amman; Lebanon: Dr. A. Bejjani, Republic of Lebanon,
Ministry of Transport, Meteorological Services, Beirut; Libya: Dr.
K. Elfadli, Libyan Meteorological Department, Climatological and
Agrometeorological Section, Tripoli; Moldavia: Dr. L. Fisher,
Hidrometeo Service (Chimet), Chisinau; Romania: Dr. A. Busuioc,
National Institute of Meteorology and Hydrology, Bucharest;
Skopje: Dr. N. Aleksovska, Hydrometeorological Institute of the
FYR Macedonia, Meteorological and Climatological division,
Skopje; Slovenia: Dres. T. Ovsenik-Jegliè, J. Miklavčič and
B. Zupančič, Hydrometeorological Institute of Slovenia, Ministry
of the environment and Physical Planning, Ljubliana; Switzerland:
Swiss Meteorological Office (MeteoSchweiz), Zurich; Tunisia:
Dr. M. Ketata and Prof. H. Hajji, République tunesienne, Ministère
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de Transport, Institute National de la Météorologique, Tunis-
Carthage. For Egypt, France, Hungary, Malta, Morocco, Portu-
gal, Serbia, Syria and Turkey the data have been obtained from the
GHCN (Global Historical Climatology Network) version 2 and/or
where kindly provided by the German Meteorological Service
(DWD), Geschäftsfeld Seeschifffahrt and David Lister, Climatic
Research Unit, University of East Anglia, Norwich, UK. Tomm-
aso Abrate, Department of Hydrology and Water Resources,
WMO, Geneva, Switzerland, provided us with addresses and rele-
vant information on how to contact the responsible persons and
institutions from the different countries. Dr. J. Fidel González-
Rouco was partially funded by project REN-2000-0786-cli and Dr.
Jürg Luterbacher was supported by the Swiss NCCR Climate
programme.
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