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WHY SOOS? 
Point 1: The Southern Ocean is disproportionately 

important to Earth’s metabolism 



The Southern Ocean is central to the circulation of the ocean 

Major region of deep ocean 
water mass formation 

Associated with the 
upwelling of the basin deep 

water masses  



Southern Ocean: carbon uptake	



Carbon flux: Net ocean 
carbon uptake (blue) and 
outgas (red), including 
natural (biological, 
solubility pump) and 
anthropogenic 	



S.H. uptake is highest in 
subtropical band north 
of ACC. 	



Anthropogenic ocean 
carbon inventory: high in 
band north of ACC 
(thick mixed layers) and 
low to south (upwelling)	



Sabine	
  et	
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  (2004)	
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  al.	
  (2009)	
  



Eastward current (ACC)	



Westerly/easterly winds	



Sea ice	



Upwelling	


Bottom water	



Warm water – deep mixed layers	



Mixing – isopycnal/diapycnal	



CO2 outgassing to south 
CO2 uptake to north	



Heat losses AND gains	



The circumpolar circulation structures the major features 



51% 

Frölicher	
  et	
  al.	
  (in	
  prep)	
  

The	
  Southern	
  Ocean	
  takes	
  up	
  51%	
  of	
  global	
  anthropogenic	
  carbon	
  



The	
  Southern	
  Ocean	
  represents	
  up	
  60%	
  of	
  global	
  heat	
  flux	
  

Frölicher	
  et	
  al.	
  (in	
  prep)	
  



Why The Southern Ocean ?  
Unique Ecosystems & myriads of evolutionary innovations 



WHY SOOS? 
Point 2: The Southern Ocean is changing 
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Correlation = 0.55 

Southern Ocean is changing rapidly 



Temperature Trends (degrees C per year)

-0.2 0.2

Southern Ocean is changing 

Thanks Ray Smith 



Black is British Faraday & Ukraine Vernadsky Station
Red is US Palmer Station

Mean Winter Temperatures
Sea ice duration drops

Air temperature
increases over the

peninsula

Large Changes Observed in Winters 



Rignot	
  et	
  al.,	
  2008	
  

Changing Southern Ocean is changing ice sheets 
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thanks to Doug Martinson



Larson-B ice shelf after its collapse
Thanks to BAS & A. Clarke



Stammerjohn	
  et	
  al.	
  (2008)	
  

Changes	
  in	
  sea	
  
ice	
  duraDon:	
  	
  
1979	
  –	
  2006	
  

-­‐83	
  ±	
  23	
  days	
  

57	
  ±	
  13	
  days	
  

Changing Southern Ocean is changing sea ice 



Palmer Station in the present

photo by Bill Fraser



-plants in the WAP 
-mushroom discovered in 2011 



Montes Hugo et al.  Science 2009

In regions where there has 
been trended changes 
there is evidence with 

changes in the base of the 
food web (the 

phytoplankton) 



Cryptomonas cryophila

Thalassiosira antarctica 

Corethron criophilum 

Palmer Cryptophytes -->  8 ± 2µm

10µm

100µm

SEM Micrographs fromMcMinn and Hodgson 1993



Changes in 
phytoplankton also 
seen in zooplankton.  
Declines seen in krill 
and the concurrent 

increase in salps 

Atkinson et al. 2004 







Changes in the base of the food web felt through the food chain 





Shifts in water temperatures open up the Antarctic to invasive species 
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WHY SOOS? 
Point 3: The distributed network of the Southern Ocean 
community, new technologies offers the potential for 

building an international SOOS 



Is a SOOS feasible? 





•   Researchers 
•   Resource managers (eg CCAMLR) 
•   Policy makers  
•   IPCC 
•   Local planners (sea-level rise) 
•   Antarctic tourism operators 
•   Shipping operators 
•   Weather and climate forecasters 
•   Educators 

Who Needs SOOS? 



CASO	
   SASSI	
   CAML	
  

MEOP	
  ARGO	
  

Cooperation possible as seen during IPY 



SOOS will require traditional approaches:  
Repeat sections by ships 



SOOS will require enhanced  
international observations (new network) 



SOOS will require moored time series 



Marcel	
  Nicolaus,	
  AWI	
  NaDonal	
  Marine	
  
Environmental	
  ForecasDng	
  

Center	
  

SOOS will require ice data 



SOOS will require enhanced utilization of field stations  





SOOS will require data systems and data portals 



Southern	
  
Ocean	
  
State	
  

EsDmate	
  

SOOS will require advanced assimilative models 



Where are we?  SOOS is just beginning, so open for all as 
 the journey is just beginning  


