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Polar challenges to the science of climate change

V future of the arctic ice (years through decades?);
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Polar challenges to the science of climate change

V future of the arctic ice;

V fate of the permafrost carbon (decades through century?);
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Polar challenges to the science of climate change

V future of the arctic ice;

V fate of the permafrost carbon;

V role of ice sheet dynamics in SLR;

V Antarctic: deep in the past ïfar in the future (centuries 

through é?);



Antarctic climate change over the past 200-350 years 

from shallow drillings in the IPY traverses

Komsomolskaya

TASTE-IDEA traverse Talos Dome ïDome A 

Vostok ice-flow lines project



International Partnership in Ice Core Sciences 

during and after the IPY 

Estimated location of sites with oldest 

ice, courtesy of Ph. Huybrechts. 

Contours are age in ka at 98.5% depth.

(IPICS Science and Implementation 

plan)

1. The IPICS 2000 Year Array: ice core 

contributions to quantitative assessment of 

recent climate forcing and climate variability

2. IPICS 40k: Bipolar sequence of climate forcing 

and response during the last 40 000 years 

3. The last interglacial and beyond 

4. The oldest ice core: A 1.5 million year record of 

climate and GHG from Antarctica
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Vostok



Aquatic environments beneath the Antarctic ice sheet 

and subglacial Lake Vostok

Subglacial lakes and major drainage 

routines from Siegert et al., 2007

Â Affect ice sheet and ice 
stream dynamics

Â Control drainage of the 
EAIS and contribute to see 
level rise

Â Provide a ñNatural 
laboratory for ecological 
experimentsò, and

Â Earth-bound analogues for 
extraterrestrial ice worlds

>22,000 km3 of water

in >145 sub-ice lakes:

Russian RES and seismic works in 

the Lake Vostok area

Bedrock reliefWater depthIce sheet thickness
Subglacial landscape of 

Lake Vostok depression 



ɻʣʫʙʠʥʘ(ʤ)

Vostok borehole ïthe window on the subglacial world
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Hydrogenophilus 

thermoluteolus

(SEM image)

3607 m

Biology of Antarctic snow and Lake Vostok accreted ice

0.01-0.5 cell/ml

Bulat et  al., 2005; Lavire et al., 2006

Bulat et al., 2009



SALE after the IPY

ñTeams set for first taste of Antarctic lakesò, Nature, 2010



Polar challenges to the science of climate change

V future of the arctic ice;

V fate of the permafrost carbon;

V role of ice sheet dynamics in SLR;

V Antarctic: deep in the past ïfar in the future;

V predictability of polar climates (any time scale)



Geneva, Switzerland

31 August ï4 September 2009

The state of the knowledge and the 

capacity to mobilize climate science 

globally to advance seasonal to 

inter-annual to decadal climate 

predictions, including current gaps.

Polar climates predictability

World Climate Conference-3

Better climate information for a better future



Back to arctic sea iceé plus predictability



Arctic sea ice in September: 

CMIP3 models too conservative?
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Arctic sea ice uncertainties: observations

V ice thickness, velocity, age, salinity, density, snow cover, etc.;

V disagreement of sea-ice extent products from different 

centres (due to different algorithms);

V reanalyses?



V sea-ice processes;

V biases in atmospheric and oceanic fields;

V feedbacks.

Uncertainties: models



ʃʠʥʝʡʥʳʝ ʪʨʝʥʜʳ ʧʣʦʱʘʜʠ ʄʃ ʚ ʉʇ 1900-1999 ʛʛ.
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Systematic biases and inter-model scattersé

Uncertainties: CMIP3 models



Kattsov et al., 2009

Uncertainties: CMIP3 models

TS structure of the Arctic Ocean within 60ÜN 1980-1999



Kattsov et al., 2009

Uncertainties: CMIP3 models

TS structure changes by 2100 in polar oceans within 60ÜN and 60ÜS



V multi-year and decadal climate variability, incl. heat storage in the 

upper layer of the ocean during the summer and ocean heat 

transport from the Atlantic and Pacific to the Arctic Ocean;

V small scale processes, e.g. convection in brine pockets or in melt 

ponds;

V black carbon aerosols;

V a statistically rare event associated with natural (unforced) 

climate variability?

V seasonal through decadal predictability.

Outstanding issues 



Major features:

- extreme 

freshening and 

warming in Canada 

Basin in 2007, 

while moderate in 

2008; 

- pronounced S 

increase in Nansen 

basin;

- decrease of S 

and T differences 

between Eurasian 

and Canada 

Basins.

Surface layer T and S anomalies, summer 2007-2008
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Potential predictability in surface temperature



WCRP polar predictability workshop (October 2010, Bergen, 

Norway)

CliC workshop ñRapid Change in Arctic Sea Ice: Assessing 

Drivers and Future Trajectoriesò (October 2010, Fairbanks, 

USA)

Soon: workshopsé


