MECHANISMS MODULATING TELECONNECTION PATTERNS IN THE EASTERN MEDITERRANEAN
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Abstract

Major atmospheric modes of variability can have a significant effect on oceanic variability. Environmental data that characterize the
climatic and oceanic conditions that dominate the Eastern Mediterranean were analysed using the Barnett-Preisendorfer Canonical Corre-
lation Analysis, to describe the mechanisms linking large-scale atmospheric phenomena to regional climatic and oceanic variation.
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Atmospheric, meteorological and oceanic data analyses suggest a strong
correlation between climatic and/or oceanic variability and the oscillations
of the prevailing global atmospheric patterns. Connections at a distance, or
teleconnections, can occur by the direct transfer of mass through changes
in regular circulations or by propagating waves initiated by a variety of
mechanisms.

Recent research efforts are oriented towards the identification of physical
mechanisms that characterize observed teleconnection phenomena and
could provide the basis for explaining them. The proposed mechanisms
either describe teleconnections as an internal oscillation of the coupled
ocean-atmosphere system [1] or suggest that they are modulated as prop-
agating Rossby-waves [2] and/or by solar activity [3]. The aim of the
present study is the description of teleconnection phenomena observed in
the Eastern Mediterranean and of their underlying mechanisms.

Data sets of environmental variables available for the Eastern Mediter-
ranean (atmospheric pressure, precipitation, wind speed and direction, sea
surface temperature, salinity, sea level height, chlorophyll concentration
and parity) were organized in a GIS database. Indices of atmospheric os-
cillatory patterns were either generated from atmospheric data or derived
from the literature. Barnett-Preisendorfer Canonical Correlation Analysis
(CCA) was used: CCA was applied on a number of Principal Components
(PC), derived from Empirical Orthogonal Function (EOF) analysis. The
EOF method decomposes spatiotemporal data into modes ranked by their
temporal variance and was therefore applied on each variable in order to
reduce the dimensions of the data, and identify physically interpretable
dominant spatial and temporal variability patterns. The EOF analysis is
in essence a type of filter that throws away much of the small-scale noise.
CCA is a statistical method for finding spatially coherent patterns in dif-
ferent data fields that have the largest possible temporal correlation. CCA
yields two sets of weights that give the combinations of the correspond-
ing sets of patterns with the maximum temporal correlation. In order to
determine possible relationships between the atmospheric indices and the
observed oceanic variability, the amplitude functions corresponding to
the most relevant PCs were selected and cross-correlation analysis was
applied. Pre-processing includes decomposition of the time series in order
to remove seasonality and thus avoid artificial cross correlations.

The surface pressure field in the Eastern Mediterranean is influenced by
the oceanic Azores High, the Siberian winter anticyclone, and the north-
western extension of the South Asian summer thermal low. The main
atmospheric pattern identified in the Mediterranean is the Mediterranean
Oscillation. The Mediterranean Oscillation has been suggested to be re-
lated to recent variability and trends of the Mediterranean precipitation
[4], to air temperature [5], cyclogenesis [6], sea surface temperature [7],
sea level height, salinity [8] and surface wind [9]. Altimetry and sea
surface temperature have been linked to the Southern Oscillation and
the North Atlantic Oscillation indices, while atmospheric regimes related
to the North Atlantic Oscillation seem to play a regulatory role in the
oceanic circulation regime, influencing eddy and deep water formation.
We present results on the spatiotemporal links between the various envi-
ronmental variables and on the proposed teleconnection mechanisms in
a region that is influenced by a large number of modes of atmospheric
variability.
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