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Climate Change: The Poles Matter
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Interhemispheric asymmetry in climate response to a gradual increase of atmospheric CO,
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Annual Arctlc Sea Ice Minimum Area
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C02 and ArCtic Sea-ice - Actual values
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C02 and ArCtic Sea-ice - Actual values
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Sea Ice Extent, Sep 2023

Extent Anomalies Sep 1979 - 2023

South, America
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1981-2010 mean = 18.5 million sq km
1980 1985 1990 1995 2000 2005 2010 2015 2020

slope = 0.1 + 0.6 % per decade

median ice edge 1981-2010

near-real-time data

Total extent = 16.8 million sq km

National Snow and Ice Data Center, University of Colorado, Boulder




Biodiversity of Polar Regions

The Polar Regions host a rich variety of species
adapted to their unique and extreme environmental
conditions

Cold-adapted (micro)organisms show peculiar
morphological and physiological adaptations of
interests in biotechnological applications and
astrobiological implications

Many of the species (from microorganisms to
mammals) inhabiting Polar Regions are involved in
the global cycles of carbon and nutrients (on
which we depend) or in the ecosystem stability

A knowledge gap exists on the description of biodiversity at lower trophic levels,
as well as on the interactions between species and their actual role in the polar
ecosystems
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Threats to Polar ecosystems and biodiversity

Polar Regions are experiencing rapid and significant changes, which impact
polar biodiversity into the future

Global warming Shrinking sea-ice

Biological invasions S
Pollution Ocean acidification

Increasing footprint of
human activity

Alteration of key habitats for polar species

Levels of pollutants (e.g., heavy
metals, plastics, persistent
organic pollutants, emerging
contaminants) are increasing
exponentially in Polar Regions,

Incursions by alien species (e.g.,

grasses, insects, zooplankton and
sea-floor organisms) could
displace polar species and

change key features of polar

The increased harvesting of fish
and krill in Polar Regions
threatens the stability of target
populations and the food webs

L . threatening the ecological they support.
ST NNy interactions of polar species.
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The Scientific Challenge

To preserve biodiversity in the Polar Regions in the
face of environmental stressors

Targets of the scientific community

Examine the interactions between species and
environmental conditions to quantify the impact of
multiple stressors on biodiversity

Ensure conservation measures by predicting polar
ecosystem response to climate change and fisheries

Apply modelling tools to improve the understanding
of polar biodiversity and its threats

Explore under-investigated habitats to capture the
full extent of polar biodiversity

Demonstrate the importance of polar biodiversity at
a global scale to address global policy to protect it CNR
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Surprises in the climate system — Tipping Points

Greenland ice sheet . lrreversible retreat of the ice sheet Sea level rise (2-7m)
disinteg ration caused by rising temperatures i

Abrupt increase in emissions of

Permafrost-loss—--co2 and methane through-the « Greenhouse gas release * Amplified warming
m thawing of frozen carbon-rich soils
POIN

Atlan.tic m_eridio!'\al Shutdown of the AMOC caused by « Regional cooling
overturning circulation--—an-increased-influx of freshwater

_— breakdown into the North Atlantic * Sea level rise

Nine climate “tipping points”
where rising global temperatures

Boreal forest. A shift in boreal forests, seeing - Ecological shift
T —————_——e—expansion-into tundra to the north % 3
could push parts of the Earth shift  and dieback to the south « Regional warming
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system into irreversible change g

X @ Melting
Biodiversity loss « Deforestation and hotter, drier conditions ~ Amazon-rainforest \ D
causing dieback of the rainforest-and-a———=

shift towards savannah dieback i | @ Biome shift

Collapse of the ice sheet triggered by West Antarcticice
persistent grounding-Lline retreat in-one

sector, cascading to other sectors sheet d|5|ntegrat|°n

Decreased rainfall e

@ Circulation change
Sea level rise (5m) =

An abrupt change in Sahel rainfall, caused by p :
Ecosystem change a-shift-northwards-(wetter)-or-southwards ky\rl/eSt African

(drier) in the West African monsoon monsoon shift

Decreased carrying capacity e The monsoon system could be weakened

by higher aerosol-emissions or——Indian monsoon shift
Drought « strengthened by rising CO2 emissions

Rising temperatures pushing corals beyond

tolerable-levels of thermal stress into-an—+—CoOral reef die-off
alternative state dominated by macroalgae

Ecological change «




Tipping points in Antarctica: Pine Island Glacier is a candidate
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Tipping points in Antarctica: Pine Island Glacier is a candidate
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What about the future ?

Sea level

Future emissions cause future increase of sea level

d) Global mean sea level change relative to 1900
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