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Introduction: geographic setting
• Sea ice is frozen ocean water

• Sea ice develops in the 
Southern Ocean around 
Antarctica to 55°S
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Introduction: climate setting
• Southern Annular Mode (SAM) 

describes fluctuations in the 
westerly winds over the 
Southern Ocean 

• Positive SAM:
• Strengthened, poleward shifted jet
• Cool sea surface temperature (SST)
• Increased sea ice

Thompson et al. (2011)
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Introduction: seasonality
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Video: Andrew Kiss and COSIMA

Modelled 
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monthly 
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1985–1999 

Observed 
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monthly 
variations 
1985–1999 



Introduction: local impacts
• Local effects on ocean and atmospheric circulation

• Ecosystems

• Human activities such as shipping
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Introduction: global impacts
• Surface albedo

• Global ocean overturning 
circulation

• Global climate
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Morrison et al. (2015)



Antarctic sea ice 1979-2015: data availability
• Hemispheric estimates of sea 

ice cover and sea ice extent 
are limited to the satellite era

• Some longer-time period 
studies exist making use of 
historical data (e.g. Fan et al. 
2014)
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Antarctic sea ice 1979-2015: trends
• Total Antarctic sea ice 

increased over recent decades

• Majority of CMIP5 models 
simulate a decrease

• What is causing the observed 
increase in sea ice?
• Why don’t CMIP5 models 

capture this?
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Antarctic sea ice 1979-2015: variability
• Trends over the satellite period 

may not be representative of 
whole span of natural variability 
in Antarctic sea ice (Turner et al. 
2013, Mahlstein et al. 2013, Polvani and 
Smith 2013, Swart and Fyfe 2013, Zunz
et al. 2013, Fan et al. 2014, Gagné et al. 
2015)
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Fan et al. (2014)
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Antarctic sea ice 1979-2015: wind trends
• Observed trends 

partially  attributed 
to wind trends 
causing both dynamic 
and thermodynamic 
changes (Turner et al. 
2009, Holland and Kwok 
2012, Fan et al. 2014, 
Turner et al. 2015)
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Holland and Kwok (2012)

Sea ice motion and SIC trends Wind and MSLP trends



Antarctic sea ice 1979-2015: wind trends
• Conflicting SAM influence

• Interannual response opposite to 
long-term trend response in model 
simulations (Sigmond and Fyfe 2010, 
Bitz and Polvani 2012, Smith et al. 
2012, Sigmond and Fyfe 2014)

• Two-time-scale SST response to high-
latitude wind changes (Marshall et 
al. 2014, Ferreira et al. 2015)
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Marshall et al. (2014)
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Summer wind-induced surface-layer changes
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Antarctic sea ice 1979-2015: regional trends
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• Decrease in Bellinghausen Sea, 
increase in Ross Sea linked to 
strengthened Amundsen Sea Low

• Tropical Atlantic (Li et al. 2014, 
Simpkins et al. 2014)

• Observed trend and ENSO 
composite patterns very similar, 
tropical Pacific (Meehl et al. 2016)



Has tropical Pacific decadal variability contributed 
to Antarctic sea ice trends?
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Purich et al. (2016b)



IPO modulation of ENSO teleconnection

15 | Antarctic sea ice drivers  |  Ariaan Purich

IPO anomalies
(positive, negative, difference)

ENSO anomalies
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Purich et al. (2016b)



• Is surface freshening contributing to sea ice increase?
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Antarctic sea ice 1979-2015: freshening
Observed 

sea surface 
salinity 

(SSS) trends

Durack and Wijffels (2010)

Freshening
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Southern Ocean surface freshening
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• Influence of Antarctic ice sheet/shelf meltwater (Bintanja et al. 
2013, Swart and Fyfe 2013, Pauling et al. 2016, 2017) 

• SSS simulations to 
examine the impact
of broad-scale
surface freshening
trends
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Antarctic sea ice 1979-2015: freshening
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Antarctic sea ice 2016-2018: SON 2016
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Monthly SIE anomaly time series
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Antarctic sea ice 2016-2018: tropical drivers
• Teleconnections from the 

tropical Indian and Indian-
Pacific Oceans (Wang et al. 2018, 
Meehl et al. 2018)

• Coupled pacemaker 
experiments with ACCESS1.0 
restoring tropical SST over 
2014–2017 
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Antarctic sea ice future projections
• Climate models simulate less sea ice loss over Southern Ocean 

than Arctic under global warming (Armour and Bitz 2015)

• Ice sheet/shelf meltwater may delay sea ice decline (Bronselaer et al. 
2018)

• Over the coming decades westerly-wind enhancement will likely 
cause slow surface warming (Ferreira et al. 2015)

• Future implications to global climate 
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