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Motivation 

(Illustration courtesy SVS/NASA) 
Ocean 

Atm 

(N. Untersteiner, SHEBA, 1993; Overland and Turet 1994) 

1. Arctic September sea ice has declined 

2. Why is the Arctic loosing sea ice? 



Sea ice speed based on NCEP 
surface pressure difference 

Ocean Currents 
www.geo.uni-bremen.de/Interdynamik 

  Smedsrud et al. 2011 

Fram Strait 



“Fram Strait ice export contributes to the Arctic sea ice decline in CMIP5 models” 

~200 000 km² 

  Smedsrud et al. 2011 

Increase in Fram Strait ice area export 

Hypothesis: 

Kwok 2009 



Models used in this study 

Typical resolution 



Simulated Arctic sea ice loss 

Members both 
over- and 
underestimate 
the observed sea 
ice area decline 

1957 2005 

All individual 
ensemble 
members are 
shown (grey) 

September sea ice area 

Obs. 

Large internal 
variability  

Colour curves are smoothed 



Underestimated Arctic sea ice thinning 

1957 2005 

Estimated mean thickness 
from central Arctic Ocean          
(Kwok and Rothrock, 2009)  



Do the models have a seasonal cycle in in the ice export? 
      Most of them 

First attempt to 
assess the CMIP5 
Fram Strait ice 
export  

Simulated ice area export 



1957 2005 

Do the models reproduce a positive export trend? 
      YES and NO 

Simulated ice 
export is 
overestimated by 
five models 

Simulated ice area export 



Link between Arctic sea ice  

and ice export… 

…considering the mean state… 

Annually 11-18% 
of the sea ice 
covered Arctic 
Basin is exported Kwok and Rothrock (2009) 

March 



A large positive 
trend in the ice 
export is 
associated with a 
strong thinning 

Link between Arctic sea ice and ice export… 

…considering long-term trends (1957-2005)… 

Positive export trend 



Link between Arctic sea ice and ice export… 

…considering long-term trends (1957-2005)… 

Negative thickness trend 



Link between Arctic sea ice and ice export… 

…considering long-term trends (1957-2005)… 



An example with one model (ten members) 

NCEP trend 

Additional 
thinning of ~20% 

Linear 
inverse 
relation-
ship 



Implications 

1957 2005 

If the NCEP ice export had been 
reproduced, the simulated 
thinning would be closer to the 
observed thinning. 



Conclusions 

1)  Seasonal cycle fairly good, but overestimation of the mean export. 

2)  Annually 11-18% of the sea ice covered Arctic Basin is exported 
(8-10% based on NCEP ice export). 

3)  An inverse relationship is found between the long-term trends 
of Arctic Basin sea ice thickness and Fram Strait ice area export:  

  An increase of the ice area export similar to the estimated NCEP 
trend can explain ~20% of the total thinning (for one model!!!) 

A first attempt to assess  
the Fram Strait ice area export in CMIP5: 



Sea ice cover (1979-2005) 

March September 
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