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Projected Arctic Sea Ice

Courtesy of M. Bentsen



Courtesy M. Bentsen

Water Vapor 
Transport



Arctic Warming and Eurasian Cooling

Cohen et al., 2014



http://news.sina.com.cn/c/2013-08-12/132027927515.shtml
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Arctic Warming (Amplification)

Concept of Polar/Arctic amplification of 

changes in Earth surface temperature 

induced by changes in concentration of 

gases in atmosphere was hypothesized 

in 1896 by Arrhenius

Courtesy of Leonid Bobylev





Arctic Warming (Amplification)

✓ Sea ice 

✓ Heat and moisture transport  

✓ Inflows of Atlantic and Pacific waters

✓ Local radiative effect  

✓ Increased emittance of blackbody

✓ Reduced air pollution 

✓ Phytoplankton



Arctic Warming (Amplification)

✓ Local Processes

✓ Remote Processes

✓ Combined 



Arctic Warming

Kug et al. 2015



PDO (1901-2018)

http://ds.data.jma.go.jp/tcc/tcc/products/elnino/decadal/pdo_doc.html



AMO (1870-2015)

https://climatedataguide.ucar.edu/climate-data/atlantic-multi-decadal-oscillation-amo



Arctic Warming (PDO)

Screen and Francois 2016 Nature Climate Change 



Arctic Warming (AMO)

Johannessen et al. 2016 Tellus



Early Arctic Warming

AMO and PDO

Tokinaga et al. 2017, PNAS



Early Arctic Warming

PDO
Svendsen, L., Keenlyside. N., Bethke, I., Gao, Y.Q., Omrani, N.E. (2018): Pacific contribution to the early 20th century warming

in the Arctic. Nature Climate Change, http://dx.doi.org/ 10.1038/s41558-018-0247-1 
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Li, F., Wang H.J. and Gao Y.Q.  (2015), Journal of Climate

Extratropical Ocean 

Warming since the 1990s



Teleconnection of ET warming 

Air temperature at 2 m



Simulated impact of NP-SST 
(Exp.4 minus Exp.2)



Strengthening of SPV
Hu, D., Guan, Z.Y., Tian, W.S., Ren, R.C. (2018): Recent strengthening of the stratospheric Arctic vortex response 

to warming in the central North Pacific. Nature Communication



Arctic Sea Ice Impact

• Dating back in early 20th century…  



Cold Spells (East Asia) 

Tao (1959) Almost all cold spells in 

China (East Asia) were originated 

from Arctic Ocean, particularly from 

the Barents/Kara Seas. When cold 

spells took place, there was an 

adjustment of planenary waves over 
the Eurasian continent. 





Newson, 1973

Nature

Atmospheric Impact (AGCM)



Arctic Sea Ice and Climate 

(Weather)

• Bodikova (2009)  

• Bader et al. (2011)

• Vihma (2014)

• Cohen et al. (2014)

• Gao et al. (2015)

• Overland et al. (2015)

• Coumou et al. (2018)

• Screen et al. (2018)



Eurasian Cooling

• Arctic warming (sea ice decline);
• La Nina impact;
• AMO impact
• Natural variability



Evaluating Impacts of Recent Arctic Sea Ice Loss on the 

Northern Hemisphere Winter Climate Change

Ogawa, F., Keenlyside, N., Gao, Y.Q., Koenigk, T., Yang, S.T., Suo, L.L., Wang, T., Gastineau, 

G., Nakamura, T., Cheung, H.N., Omrani, N.E., Ukita, J., Semenov, V. (2018): Evaluating 

impacts of recent Arctic sea-ice loss on the northern hemisphere winter climate change. 

Geophysical Research Letters, doi:10.1002/2017GL076502



Arctic Oscillation

28

•

Courtesy of J. M. Wallace, University of Washington

http://www.weather.gov.hk/climate_change/ao_e.htm



1. Negative AO 
2. Positive AO 
3. No Response 
4. Forcing Dependent 
5. Background climate dependent 

Response of AO 



Atlantic Multidecadal Oscillation vs. Impacts of Arctic Sea Ice  

Li, F., Orsolini, Y. J., Wang, H.,J. Gao, Y.Q., & He, S.P. (2018). Atlantic multidecadal oscillation 

modulates the impacts of Arctic sea ice decline. Geophysical Research Letters, 45. 

https://doi.org/10.1002/2017GL076210



Global Climate Models (CMIP5)

31

•

RMSE in SAT variability [K]

Average RMS error in SAT in 36 CMIP5 GCMs

Davy and Esau 2014 



CMIP5

Xie et al.,  2016 



Assessment of seven atmopsheric 

reanalysis products in Arctic 

NCEP1, NCEP2, CFSR, 20CR, MERRA, ERA-
Interim, JRA25

Lindsay et al. 2014



Impact of Arctic sea ice variations on winter temperature 

anomalies in northern hemispheric land areas  

Koenigk, T., Gao Y.Q., Gastineau G., , N. Keenlyside, N., Nakamura T., Ogawa F., Orsolini Y., 

Semenov V.,  Suo L.L., Tian T.,  Wang T., Wettstein J.J., Yang S. (2018): Impact of Arctic sea ice 

variations on winter temperature anomalies in northern hemispheric land areas. Climate 

Dynamics (in press) 



Concept

➢Sea ice decline ≠ Arctic surface

warming

➢Arctic surface warming ≠ Arctic

troposphere warming



Implications and Perspect

➢Responsible process for Arctic

Warming

➢Arctic-lower latitude linkage versus

Ocean State

➢Call for long-term and well-designed

observation, multi-model coordinated

experiments, improvement of models

➢Forecast, Predictions, Climate Service

➢Past and Future (Projections)



EU H2020 Blue-Action (2016.12-2021.02)

Model NorES

M

IPSL-

CM

EC-

Earth

CMCC

-CM

ECHA

M5

IAP-

AGCM

HadG

EM

ICON EC-

Earth

Hor.

(km)

100 100 100 100 100 100 40 40 40

Part. NERS

C

CNRS

-

LOCE

AN

DMI CMCC IAP-

RAS

IAP-

NZC

UoS MPI-M NLeS

C



Thank you !


