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Arctic Sea Ice Extent 

mid-July 2017 
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Beaufort 

Chukchi Nansen 

Thinning around the Arctic basin 

September 
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Winter 

ICESat CryoSat-2 

Kwok and Cunningham (2015) 

End-of-winter 
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Multiyear (MY) sea ice coverage 

MY ice: Ice that has survived a summer 
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Arctic ice drift 
(forced by wind and ocean) 

Mean ice drift (1992-2013)  
Changes in Mean Circulation affect  
• export and regional redistribution of 
sea ice 

• Redistribution and export of 
freshwater  

 
 
Variability of short time scale ice 
motion affects (ice concentration) 

• abundance of open water 
• ice deformation: redistribution of ice 
thickness 
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Over longer time scales  
(controlled by ocean) 

Mean ice drift (1992-2013)  
Mean ocean current from 
Satellite dynamic ocean topography  
(2003-2008)  

Kwok et al., 2013 



8  Kwok 

Sea ice outflows 
at the Fram Strait 

10% of the Arctic sea ice area 
Peak ~3000 km3 in 1994-1995 

Near peak of AO 
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Circulation patterns associated with 
phases of the Arctic Oscillation 

Kwok et al., 2013 
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Increased mobility of the ice cover 

Kwok et al., 2013 
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Small scale ice motion 

Sea Ice Thickness Sea Ice Motion and Deformation  
Ice Thickness distribution 

• Small-scale motion for quantifying 
deformation-relation thickness changes 

• Volume storage due to ridging 
 

~102 km 

~102 m 
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Concluding Remarks 

•  Three important parameters that describe the 
recent changes of the Arctic ice cover: ice 
thickness, ice drift, and ocean circulation 

•  There is broad interest in improved forecasts and 
projection of sea ice stat  

•  Presently, gaps in our understanding/observation of 
sea-ice/ocean/atmosphere interactions represent a 
significant challenge in attempting to assign specific 
causes for ice loss and to project/forecast ice 
behavior  
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Thank you 
for your attention 



Arc$c		
(70oN	to	90oN)	

Mid-la$tudes	
(30oN	to	60oN)	

Anomaly	rela$ve	to	1981-2010		

2016	

Jan.	–	Oct.	Air	Temperature	Anomalies	

Data	from	NOAA/NCEP/ESRL		J.	Francis:	francis@imcs.Rutgers.edu	
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	 Arctic	Amplification:	

Record	High	



15  Kwok 



16  Kwok 

Correlation between longer time-scale ice 
drift and geostrophic currents  

Dynamic 
Ocean 
Topography 
and currents 
from ICESat 

Mean sea ice 
drift 


