Atmospheric Dynamics Group

Research in our group aims at improving the understanding of the dynamical
processes in the atmosphere that influence the weather and climate. We are
interested in processes acting on a wide spectrum ranging from planetary
scales down to those influencing the development of synoptic systems. A region
of interest includes the Mediterranean and the Middle East. In particular, we
pursue to identify remote tropical and mid-latitude drivers of climate
variability over the region and the dynamical processes associated with its
emergence into a hotspot of climate change. To this aim we utilise both
atmospheric reanalysis products and simulations coming from a hierarchy of
climate models with varying complexity.
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Research Topics

e Tropical and mid-latitude causal drivers of atmospheric variability

over the Mediterranean region

During boreal summer, large scale subsidence and a persistent northerly flow,
known as the Etesians, characterize the tropospheric circulation over the
eastern Mediterranean. The Etesians bring clear skies and alleviate the impact
of heat waves over the region. The intraseasonal variability of the Etesians
and subsidence over the eastern Mediterranean is largely influenced by the
South Asian monsoon and atmospheric processes over the North Atlantic.
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In recent work we employed causal effect networks and causal maps, obtained
by applying the Peter and Clark Momentary Conditional Independence
(PCMCI) causal discovery algorithm, to identify causal precursors of Etesians.
In this quantitative approach we confirmed previous qualitative results that



both wave train activity over the North Atlantic region and convective activity
over South Asia associated with the Indian summer monsoon (ISM) are
causally related to the Etesians at 3-day time scale. Thus, intraseasonal ISM
variability affects the eastern Mediterranean circulation, though its influence
is conveyed via a Middle East ridge. On longer weekly time scale, the mid-
latitude influenc weakens, while the influence of the tropical convective
activity via the Middle East ridge remains stable.
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e Improving indices of identifying blocking

Blocking is associated with outbreaks of easterlies induced by a continuum
of features including anticyclones, cyclones or both. Blocking identification
methods disagree on the levels of high-latitude blocking activity. We
investigate the causes of the disagreement in high-latitude blocking activity
over the Northern Hemisphere by comparing various blocking identification
methods.
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¢ Investigation of the role of atmospheric blocking in driving the sea-ice
loss over the Arctic region

The intra-seasonal variability of sea-ice extent over the Barents-Kara Seas is
largely controlled by atmospheric blocking activity over the Ural region. Ural
Blocking episodes induce atmospheric circulation anomalies that result in cold
anomalies to the south and warm anomalies to the north of the blocking ridge.
Intrusions of warm and moist air result in the enhancement of the Arctic sea

ice loss.
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