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Abstract. This study analyzes the link between the SWH of monthly variability. Technically, the procedure involves
(Significant Wave Height) distribution in the Mediterranean rotated EOFs and some subjective evaluation for identifying
Sea during the second half of the 20th century and the Northeach pattern in the set produced by the analysis of single
ern Hemisphere SLP (Sea Level Pressure) teleconnectionalendar months. Each month, in fact, produces different
patterns. patterns and the identification of TLC is based on permanent

The SWH distribution is computed using the WAM (WAve characteristic features, which persist in spite of the change
Model) forced by the surface wind fields provided by the of the shape of the rotated EOFs. The identification of
ERA-40 reanalysis for the period 1958-2001. The time sethe TLC patterns is based on global scale features, so
ries of mid-latitude teleconnection patterns are downloadedhat at regional scale, when the Mediterranean region is
from the NOAA web site. This study shows that several mid- considered, the same pattern can present different aspects
latitude patterns are linked to the SWH field in the Mediter- in different months. An example, discussed in the next
ranean, especially in its western part during the cold seachapter, is the structure of EP/NP above the Mediter-
son: East Atlantic Pattern (EA), Scandinavian Pattern (SCA)ranean region, which greatly varies during the annual
North Atlantic Oscillation (NAO), East Atlantic/West Rus- cycle. An index describing its intensity is associated to
sia Pattern (EA/WR) and East Pacific/ North Pacific Patterneach mid-latitude TLC pattern. The values used in this
(EP/NP). Though the East Atlantic pattern exerts the largesstudy have been downloaded from the NOAA web page at
influence, it is not sufficient to characterize the dominanthttp://www.cpc.ncep.noaa.gov/data/teledoc/telecontents.shtml
variability. NAO, though relevant, has an effect smaller than No wave observation is available to cover a period as long
EA and comparable to other patterns. Some link results fromas the ERA-40, not even at few and sparse locations. Reg-
possibly spurious structures. Patterns which have a very difular wave gauges became operational in few stations in the
ferent global structure are associated to similar spatial fealate 80s and satellite observations are available only since
tures of the wave variability in the Mediterranean Sea. Theseearly 90s. The monthly average wave data used in this
two problems are, admittedly, shortcomings of this analysis,analysis have been extracted from a model simulation (Li-
which shows the complexity of the response of the Mediter-onello and Sanna , 2005) done with the WAM (WAve Model,
ranean SWH to global scale SLP teleconnection patterns. WAMDI 1987) forced by the surface wind fields provided
by the ERA-40 (Simmons and Gibson, 2000) reanalysis for
the period 1958-2001. It has, however, been shown that the
inter-monthly variability is well reproduced by this simula-
tion (Lionello and Sanna, 2005). This analysis considers
Teleconnection (TLC) patterns have been proposed tdn€ monthly mean SWH (Significant Wave Height), a vec-
describe monthly variability of SLP fields at global scale o Whose length is proportional to the variance of the sea
(Barnston and Livezey, 1987). They are the result of gSurface, which points to the mean direction of propagation of
statistical procedure meant to identify the dominant modetn€ total wave energy.

The purpose of this study is to identify TLC patterns as-
sociated with the wave variability in the Mediterranean, as

Correspondence tc. Lionello described in the following Sect. 2, and to discuss the impor-
BY piero.lionello@unile. it tance of these links (Sect. 3, conclusions).

1 Introduction
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1.0 — south-east part. For each part the monthly average SWH and
EA its correlation with the TLC patterns have been computed.
—— EP_NP . . . .
— EAWR This first analysis shows a clear difference between north-
west and south-east Mediterranean (Fig. 1). While the sec-
ST 1 ond one is affected mainly by EA, with only marginal influ-
ence of EP/NP, NAO, and SCA, the first one is strongly influ-
enced by several patterns and, beside EA, SCA, during spring
ol | L , and fall, also EA/WR, during the cold season, play a relevant
T I role. This shows that NAO, though being important, can-
not be considered the dominant TLC for the Mediterranean
SWH.
.5 - 1 Specifically, EA is the most dominant pattern, with nega-
tive correlation during most of the year in both basins. SCA
has a positive correlation with the north-west part during
spring and fall, EA/WR has a negative correlation during the
cold season in the west (November to February), NAO has
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a well defined negative correlation for the west, during sev-

1.0 SRRV eral month, and a positive correlation in the east, however
- only for November and April. Surprisingly EP/NP results a

— EAWR relevant pattern for both the parts of the Mediterranean (this

result will be discussed later in the paper).
The following analysis concentrates on January when the
simultaneous influence of many TLC patterns is present (ex-

L L M cept for SCA, for which April is considered).
o % LF T ‘H

21 EA

EA positive phase is characterized by a strong negative pres-
5L , sure anomaly in the north-eastern Atlantic, which moves to
the center of the basin from December to March. Its effect in
the Mediterranean depends little by the location of the main
Atlantic minimum and mostly by that of a high pressure sys-
tem over the basin itself, often shifted towards its eastern
part. During the EA positive phase the overall effect of the
Fig. 1. Annual cycle (calendar months on the x-axis) of the correla- high pre_sgure IS _a dlmmIShed north-westerly C|rculat|or!, S0
tion between monthly average SWH field and teleconnection patterrjfhat pOSItlve EA 'mp“es_ lower than a_tverage SWH, particu-
indexes. Only NAO, EA, EP/NP, EA/IWR, SCA are shown. Other larly in the eastern Mediterranean (Fig. 2). The effect of EA
patterns have smaller and less relevant correlation values. ThickS Present for the whole year, but it is particularly strong from
bars denote value significant at the 95% confidence level. The twglanuary to March, and absent in June and July.

panels refer to the western (top) and eastern (bottom) part of the
Mediterranean. 2.2 EA/WR
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This pattern has a strong link with west Mediterranean SWH
from November to February, when it is characterized by a
high pressure located over most of central Europe and framed
between two pressure centers, over West Russia and the
mid-Atlantic. This SLP pattern implies a large reduction of
he north-westerly circulation in the western Mediterranean,
with a reduction of the SWH of the corresponding wave sys-
fems travelling across the basin (Fig. 3).

2 Teleconnections and waves in the Mediterranean sea

A preliminary analysis has shown that the link between TLC
patterns and SWH is not uniform across the Mediterranea
basin. This can be expected, just considering the differen
characteristics of its various sub-basins, the complex shap
of the Mediterranean and its transitional nature from mid-
latitude to subtropical climate regimes (Lionello et al 2006). 5 3 gca
A first computation has been carried out by splitting the

Mediterranean in two parts: north-west south-east, with theThis pattern is characterized by a high pressure above Scan-
Otranto and the Sicily straits marking the division line be- dinavia. However, its effect in the Mediterranean monthly
tween the two parts so that the lonian sea belongs to thevave field is determined by the position of the low pressure
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Fig. 2. January: correlation of EA index with SLP and SWd) and (b) panel, respectively. In the colour filled areas the correlation is
significant at the 95% confidence level. Par(e)sand(d) show the composites of SWH (meters) during months with the 9 most high and
low values of the EA index, respectively.

south-west of it, across western Europe and north west At2.5 EP/NP

lantic. Whenitis located northwest of the basin, it produces a

south-westerly surface circulation in the west MediterraneanEpP/NP is characterized by center of actions located in the

which favours wave travelling towards north-east. Conse-Pacific. It is therefore puzzling that it is relevant for the

quently SCA has a positive correlation with the SWH in the Mediterranean, and, moreover, in January, while the pattern

Mediterranean. This effect is large during spring (Fig. 4 de-is strongest during the warm season. This is possibly a spuri-

scribes the situation in April) and autumn. ous attribution and it shows a shortcoming of the TLC iden-
tification approach. In January, what is classified as EP/NP
pattern shows a large and highly significant (statistically) fea-
ture centered in the Mediterranean. This low pressure pro-

2.4 NAO duces a strong regional circulation and consequently is asso-
ciated to an increase of SWH (Fig. 6). A similar regional ef-
fect on SWH, but due to a completely different SLP pattern,

) ) ] _ .. s produced in April, when EP/NP present a high pressure
NAO is a well known mode of the mid-latitude variability |5cated south-west of the Mediterranean basin.

and is characterized by a pressure dipole across the Atlantic.

It is the extension of the Azores high pressure system which

is important for the Mediterranean wave field. In its most fa-

miliar condition, the presence of high pressure in the wester3 Conclusions

Mediterranean corresponds to a situation of reduced west-

erly surface flows and reduced SWH in the northern part ofWhen discussing TLCs, it should be considered that they are
the basin (e.g. January, Fig. 5). In November, when the highthe result of a statistical analysis and not of a well known

pressure field extends until the Black Sea, its local curva-dynamics. In this study they are used for analyzing links

ture increases the southward propagating waves in the eadbetween regional features (the monthly SWH in the Mediter-

ern Mediterranean. ranean) and the large scale SLP field.
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Fig. 3. Same as Fig. 2 except it shows EA/WR.
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Fig. 4. Same as Fig. 2 except it shows SCA in April.
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Fig. 5. Same as Fig. 2 except it shows NAO.
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Fig. 6. Same as Fig. 2 except it shows EP/NP.
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