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Rapid transformation of the 

polar regions 

Julienne Stroeve 



The shrinking summer sea ice cover 

September 16 2012 

• Rate of summer decline is -87,000 km2/yr in September 

(-13.8%/decade). 



Ice loss in winter is less, but remains significant 
March 7 2017 

• Rate of winter decline is -43,000 km2/yr or -2.8%/decade. 

• 2017 is the lowest winter maximum on record, followed 

previous record lowest maximum in 2015 and 2016. 



Snow cover is also declining 
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Importance of the ice-albedo feedback 

Nov-Dec T2m anomaly  

ECMWF analyses – ERA-I 

(1981-2010) 

van Oldenborgh et al., 2017 

• Snow and ice have high 

albedos, reflecting much 

of the incoming solar 

radiation back out to 

space. 

• A loss of snow and sea 

ice translates into more 

surface warming that 

can feedback on 

atmospheric warming 

and changes in 

atmospheric circulation. 



Amplified Arctic warming 
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Arctic  

(70oN to 90oN) 

Mid-latitudes 

(30oN to 60oN) 



Sea ice will continue to decline as the planet warms 

Arctic Surface 

Warming 
Arctic September 

Sea Ice Extent 



Impacts for Europe? 

• Sea ice loss and associated Arctic warming 

contribute to: 

 Ice sheet/glacial melt and therefore sea level 

rise; 

 Fisheries/marine food-web; 

 Shipping and resource extraction; 

 Increased global warming through feedbacks; 

 Changes in large-scale ocean and atmospheric 

circulation with impacts on precipitation, 

frequency of extreme weather events. 

 

 



Polar Mid-Latitude Links 
A modelling perspective 

 
Len Shaffrey 

National Centre for Atmospheric Science 

Department of Meteorology 

University of Reading 
 



 

Understanding – Is the recent loss of Arctic sea ice loss having an 

impact on the mid-latitude atmospheric and extreme events? 

 

Prediction – When will the Arctic become sea ice free in summer? 

Will the large uncertainty in Arctic projections affect projections of 

mid-latitude weather? 

 

Why do we need models? 
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Is the recent loss of Arctic sea ice loss having an impact on the 

mid-latitude atmosphere and extreme events? 

 

Some observational evidence that there is an impact… 

 

Arctic sea ice loss: observations 

 

Time series of 500hPa zonal winds 

averaged over 140W-0,60–40N, 

Francis and Vavrus (2012) 

 

Weakening of 500hPa zonal winds 

in OND (October to December) 

 

Also Liu et al (2012), Tang et al 

(2013),… 



 

Is the recent loss of Arctic sea ice loss having an impact on the 

mid-latitude atmosphere and extreme events? 

 

Some observational evidence that there is an impact…and some 

observational evidence that there isn’t an impact. 

 

 

 

 

 

See also Barnes (2013), Screen and Simmonds (2013)… 

 

Issues: Short observational records; different metrics; large 

variability in mid-latitudes; correlation is not causation; etc. 

 

Arctic sea ice loss: observations 



Large spread in atmospheric responses to Arctic sea ice in models 

 

 

 

 

 

 

 

 

 

 

 

 

Arctic sea ice loss: models 

HadGEM2 Screen et al. (2014) 

DJF 2m Temperature response to low sea ice  

CAM3.1 Liu et al. (2012) 

See Cohen et al. (2014) review 
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Arctic sea ice loss: models 

HadGEM2 Screen et al. (2014) 

DJF MSLP response to low sea ice  

CAM3.1 Liu et al. (2012) 

See Cohen et al. (2014) review 



Large spread in atmospheric responses to Arctic sea ice in models 

 

 

 

 

 

 

 

 

 

 

 

 

Arctic sea ice loss: models 

HadGEM2, Screen et al. (2014) 

DJF MSLP response to low sea ice  

CAM3.1 Liu et al. (2012) 

Issues: Different experimental designs, nonlinear responses to 

ice loss, model biases, etc…  

See Cohen et al. (2014) review 



Large spread in projected CMIP5 Arctic sea ice loss can lead to the 
large spread in projections of some mid-latitude circulation metrics. 

 

 

Harvey et al. 2014, Clim Dyn. 

CMIP5 (RPC8.5-HIST) DJF NH 

storm track response against DJF 

Arctic sea ice, Harvey et al. (2014) 

 

More sea ice lost and warmer 

poles leads to reduced equator-to-

pole temperature gradient and 

weaker NH storminess.  

 

Also Cattiaux et al. (2013), Harvey 

et al (2015), Barnes & Polvani 

(2015), Kennedy et al. (2016) 

 

 

 

Climate change and sea ice loss 



Horizon 2020 projects 

• APPLICATE, Blue Action, INTAROS 

 

Improved climate models: 

• New observations (e.g. YOPP, MOSAiC, satellites, etc.)  

• Improved climate model components (new sea ice models, 

higher resolution ocean models, etc.) 

 

Renewed focus on mechanisms 

• Thermal wind balance, planetary waves, strat-tropospheric 

interactions and quasi-resonance, etc. 

• Bridging the gap in the model hierarchy 

 

New co-ordinated model experiments  

• Proposed Polar Amplification Model Intercomparison 

 

 

 

 

Making progress 



Understanding climate and weather 

risks associated with polar change 
 

EGU 27.4.2017 
Hilppa Gregow et al.  

Source: K. Ruosteenoja 
FMI 

Source: K. Ruosteenoja 
FMI 

Source: T. Vihma FMI 



Antarctic sea ice melt lifts 

especially Northern Hemispheric 

sea surfaces 

• According to DeConto et al. 2016 Antarctic ice shelves 

can break faster than earlier projected  => +1 meter 

more by 2100 

 

 

 

 

 

 

 

 

25.10.2016 25 OLDER KNOWLEDGE IPCC AR5, Fig. FAQ13.1-2: 

expected sea level rise if the poles melt 0.5mm/year 

*) DeConto, R.M. and D. 

Pollard, 2016. 

Contribution of Antarctica 

to past and future sea-

level rise. Nature 531 

(7596), 591–597. 

+1.3m 

Tropics would  

have a dramatic  

impact. The  

sea level  

rise could be  

>2.5

m 

+1.3m 

>1.5

m 

+0.8m 



Arctic amplification 

means faster impacts  

of climate change  

 

•Accodring to Overland et 

al. 2015: “Warming causes 

loss of sea ice in the Arctic 

but the potential 

connections to Europe are 

less clear.”  
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+4,

8 

(Mikkonen et al. 
2015) 
  

Finlan

d 

DOI: http://dx.doi.org/10.1175/JCLI-D-14-

00822.1) 

 

(Overland et al. 2015) 

Temperature increases fastest in the North 

DOI: 10.1007/s00477-014-0992-2  

http://dx.doi.org/10.1175/JCLI-D-14-00822.1
http://dx.doi.org/10.1175/JCLI-D-14-00822.1
http://dx.doi.org/10.1175/JCLI-D-14-00822.1
http://dx.doi.org/10.1175/JCLI-D-14-00822.1
http://dx.doi.org/10.1175/JCLI-D-14-00822.1
http://dx.doi.org/10.1175/JCLI-D-14-00822.1
http://dx.doi.org/10.1175/JCLI-D-14-00822.1
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Arctic sea ice melt increases 

heat and drought in southern 

Europe! 
Timo Vihma, James 

Screen, Michael 

Tjernström, Brandi 

Newton, Xiangdong 

Zhang, Valeria Popova, 

Clara Deser, Marika 

Holland, and Terry 

Prowse. 2016 The 

atmospheric role in the 

Arctic water cycle: 

A review on processes, 

past and future 

changes, and their 

impacts 

Accodring to 

Vihma  

et al. 2016:  



Recent finding: Storm intensity of the 
catastrophic storms in Europe has increased 
by a factor of 3.5 (1951-2010) 
 

Gregow et al. 2017* conclude:  

1. A change point in storm 

intensities has happened 

already in 1990  

2. NAO is not driving the 

change in storm intensities. 

3. Arctic amplification can 

be driver  

4. Research with climate 

models is needed to 

understand more. 

 

 

 
28 

Gregow et al. 2017. 

https://www.nature.com/articles/srep46397 

PD= Forest damage obs 

TGS= Total growing stock 
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DECM project 

is launching   

a very  

User-friendly  

survey by  

15.5.2017 

Follow us: 
https://climate.copernicus.eu/data-
evaluation-climate-models 



1. Along the storm tracks – the ”bad weather happens” 

2. Along the blockings – the ”heat and drought happens” 

3. Along the storm tracks and blockings – some of the 

worst extremes are occurring 
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Just a flood in Vietnam  

in 2017 

Just current  

extremes in 2014 

in England 
(Fig. Courtesy of MetOffice) 

Just the current drougth 

in Somalia in 2017  

Seattle record of 

cumulative precipitation 

44.7 inches 

ONDJFMA 2017 

Polar change speeds up the 

occurrence of extremes 



Thank you for listening! 

Key points of the talk are: 

 
1) Climate of the two poles, Antarctic and Arctic, changes 

fast due to global warming 
 

2) Critical climate change impacts are already occurring and 
adaptation is urgently needed 

 
3) Mitigation must continue, new monitoring services and 

evaluation of climate models developed 
 

 

http://ilmasto-opas.fi/en/ 













www.ecra-climate.eu 

Tina Swierczynski 
European Climate Research Alliance 
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 Arctic Climate Stability and Change (Arctic) 
coordinated by AWI/Germany and Bjerknes Centre Norway  

 High Impact Events and Climate Change (HIE) 
coordinated by KIT/Germany and DTU/Denmark 

 Sea level and Climate Change (SLC) 
coordinated by ENEA/Italy and NERSC /Norway 

 Changes in the Hydrological Cycle (CHC)  

 coordinated by CNR/Italy and LMU/Germany  
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1. Work in ECRA Collaborative Programmes (participation is 
open to all): Develop White Paper/Strategy  

2. Develop training, education and outreach activities 
(particularly for young researchers): Organize ECRA Side 
events, support EU research proposal (e.g. COST action) etc. 

3. Provide advice to policy and public in respect to climate 
change: Stakeholder consultations for HORIZON 2020, 
briefing documents in European Parliament etc. 

4. Develop links to other climate initiatives and sustained 
partnerships with industry to strengthen the interplay 
between research outcomes and innovation and to foster 
the early take-up of promising results: Partnerships with 
industry in progress 

 

 



07/06/2017 40 



07/06/2017 41 

 Bottom-up approach for research strategy based on scientists 
and participating scientific institutions 

 Platform for joint research planning and activities in 
European climate research (national/European) 

 Common strategy to tackle research questions 

 Exchange of information (science, funding) 

 Exchange of personnel (within CPs) 

 Optimised use of existing infrastructure (e.g. data centres) 

 

>>> A unified voice for climate research in Europe 
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European Climate Research Alliance

General Assembly, 7-8 March 2017

Climate Change and Vulnerable Regions

Climate change has large impacts on natural 

systems and habitats posing challenges for our 

societies. The Paris Agreement at the COP21 

set an important framework for reducing hu-

man influ

e

nce on climate through reduction 

of CO
2
 emissions. At the same time, a robust 

knowledge about climate change and relat-

ed impacts for vulnerable regions is of utmost 

importance for building resilience and imple-

menting policy frameworks in effective ways.

We invite climate scientists, policy mak-

ers and representatives from relevant 

climate initiatives to the ECRA General 

Assembly 2017. This meeting will be a 

forum to discuss climate research pri-

orities, most vulnerable regions and 

opportunities for adaptation strategies, 

improving collaboration in climate re-

search, advancing integrated science 

and impact assessments.

Square Brussels Meeting Centre

Coudenberg 3 

1000 Brussels

The European Climate Re-

search Alliance (ECRA) is 

an association of leading 

European research institu-

tions in climate research. 

ECRA aims to bring togeth-

er, to expand and to opti-

mise European expertise 

in climate research and ad-

vising through a bottom-up 

process.
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 Research focus on vulnerable regions and improving 
impact assessments: The Arctic, Hydrological cycle, 
Sea level change and coastal impacts, High impact 
events are key priorities  

 Integration of natural and social sciences in research 
projects 

 Bottom-up initiatives and stakeholder involvement 

 Outreach and communication  

 Open science – Sharing data 

 

>>> See also conference documentation: www.ecra-climate.eu 
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Thank you for your attention 
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