
Southern Ocean freshwater initiative
Ariaan Purich, Matt England, Wilma Huneke and many contributors

“Here we show that accelerated basal melting of Antarctic 
ice shelves is likely to have contributed significantly to 
sea-ice expansion” 

“Our simulations show that the freshwater effect on sea ice 
trends over the historical period is small and fails to 
reproduce the observed regional pattern of trends” 
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We propose a standardised Southern Ocean freshwater forcing protocol to quantify the 
impact of missing Antarctic meltwater on climate simulations across multiple models



Coupled climate models do not represent ice sheets                                  
or shelves, neglecting important climate impacts
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• P–E over Antarctica in CMIP models 
is essentially equal to runoff to the 
Southern Ocean (Pauling et al. 2016) 
• In control and historical simulations, 

runoff entering Southern Ocean is close 
to estimated ice shelf loss

• In future warming simulations, 
meltwater amounts entering Southern 
Ocean are underestimated



Meltwater influences on climate

• High meltwater simulations 
produce anomalous surface 
cooling, reduced sea ice loss, 
hemispheric differences in 
precipitation, and ocean warming 
at depth

• Low meltwater simulations show 
the magnitude of climate 
responses are strongly dependent 
on applied meltwater amount 
(Purich and England 2023)
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Meltwater studies

• Studies examining the role of Southern 
Ocean surface freshening in 
contributing to climate trends reached 
conflicting conclusions due to different 
experimental designs and models used 

• A standardised meltwater 
intercomparison is needed to better 
understand the global climate response 
to Antarctic meltwater additions
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The Southern Ocean Freshwater release 
model experiments Initiative (SOFIA) 
• We propose a standardised Southern Ocean freshwater forcing 

protocol to quantify the impact of missing Antarctic meltwater on 
climate simulations across multiple models
• Swart et al. 2023, submitted to GMD
• SOFIA will address gaps in our understanding of: 
• Climate response to Antarctic meltwater
• Forcing uncertainty 
• Model uncertainty



Experimental protocol

• We describe protocols for coupled models to maximise participation 
and to provide distinct pieces of information: 



Tier 1 output

• Tier 1 output is available for eight coupled models,                              
including ACCESS-ESM1.5, and ACCESS-CM2 runs                                           
are planned
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SOFIA goals

• Encourage participation of a wide and diverse group of models

• Analysis papers: general climate response to freshwater forcing, effect on 
deep convection and bottom water formation, and circulation 
• Detection and attribution of climate changes to freshwater forcing, such as 

for Antarctic sea ice 
• Provide information on the relative 

importance of including ice-ocean 
interactions in future generations of 
coupled climate models
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SOFIA preprint

• Swart et al. 2023, The Southern Ocean Freshwater release model 
experiments Initiative (SOFIA): Scientific objectives and experimental 
design
• https://egusphere.copernicus.org/preprints/2023/egusphere-2023-

198/

https://egusphere.copernicus.org/preprints/2023/egusphere-2023-198/

