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Fresh	
  water	
  storage	
  and	
  distribu1on	
  

Mean	
  annual	
  
fresh	
  water	
  
content	
  of	
  the	
  
Arc:c	
  Ocean	
  
excluding	
  sea	
  
ice	
  (Serreze	
  et	
  
al.,	
  2006).	
  

Two	
  circula:on	
  regimes	
  of	
  the	
  wind-­‐driven	
  
Arc:c	
  Ocean,	
  Proshu:nsky	
  &	
  Johnson	
  1997.	
  

Figure	
  from	
  Ocean	
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  The	
  Open	
  
University	
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Rainville	
  and	
  Woodgate,	
  GRL	
  2009	
  

Turner,	
  JPO	
  2010	
  
• ~25	
  Wm-­‐2	
  required	
  to	
  melt	
  
all	
  the	
  sea	
  ice	
  in	
  one	
  year	
  
• Atlan:c	
  layer	
  basin	
  
average	
  heat	
  loss	
  could	
  be	
  
as	
  large	
  as	
  ~6.7	
  Wm-­‐2	
  	
  

~0.2	
  Wm-­‐2	
  upward	
  
double-­‐diffusive	
  
transport	
  

~6.7	
  Wm-­‐2	
  via	
  
turbulent	
  
mixing?	
  	
  

Poten1al	
  to	
  access	
  heat	
  from	
  the	
  Atlan1c	
  layer	
  



WCRP	
  Workshop	
  on	
  Seasonal	
  to	
  Mul:-­‐
Decadal	
  Predictability	
  of	
  Polar	
  Climate	
  25th	
  October,	
  2010	
   5	
  	
  

Argo	
  floats	
  –	
  March	
  2010	
  

BPR+Moorings	
  
Moorings	
  

ITP	
  

The	
  paucity	
  of	
  Arc1c	
  ocean	
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Argo	
  floats	
  –	
  March	
  2010	
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Ice	
  Extent	
  from	
  Passive	
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  Satellites	
  

-­‐11.2%	
  sea	
  ice	
  extent	
  per	
  decade	
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September	
  2010	
  minimum	
  

Third	
  lowest	
  ice-­‐extent	
  on	
  record	
  
despite	
  strongly	
  nega:ve	
  winter	
  
2009/2010	
  AO,	
  which	
  favors	
  ice	
  
reten:on	
  during	
  the	
  summer	
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Giles,	
  et	
  al.,	
  2008	
  

Kwok	
  et	
  al.,	
  2009	
  

Decline	
  in	
  ice	
  thickness	
  and	
  volume	
  following	
  September	
  2007	
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Satellite	
  Al:metry	
  -­‐	
  Measurement	
  Principle	
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Freeboard 
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Conver:ng	
  freeboard	
  to	
  thickness	
  

Radar	
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Mean	
  winter	
  Arc:c	
  sea	
  ice	
  thickness	
  
from	
  October	
  1993	
  to	
  March	
  2001	
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Separa:ng	
  MY	
  and	
  FY	
  ice	
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Kwok	
  et	
  al.,	
  2009,	
  QuikSCAT	
  MY	
  ice	
  fields	
  

Jan	
  2005	
  



WCRP	
  Workshop	
  on	
  Seasonal	
  to	
  Mul:-­‐
Decadal	
  Predictability	
  of	
  Polar	
  Climate	
  25th	
  October,	
  2010	
   12	
  	
  

First	
  Map	
  of	
  CryoSat-­‐2	
  sea-­‐ice	
  thickness	
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