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Figure 1| Simulated and Observed trends in Southern Ocean surface properties 1990-2014. a. Observed 

trend in SST (HadSST; Kennedy et al., 2019). b. Observed trend in SSS (CORA5; Cabanes et al., 2013). c. 

CMIP5 multi-model ensemble mean simulated trend in SST from the historical period 1990 to 2014. d. CMIP5 

multi-model ensemble mean simulated trend in SSS. The black contour denotes the extent of winter sea ice 

maximum in observations.  Panels c. and d. show fields in which internal variability is smoothed by the multi-

model ensemble mean. a. In contrast, the observed fields, a. and b. contain internal variability. 
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Figure 3| Modeled response to a 200 Gt yr-1 step change in AMMA. Decadal trends calculated over 30 year 

model runs from a 20-member ensemble in (a) SST,  (b) SSS (c) zonal-average potential temperature (d) zonal-

average salinity (e) Interior temperature, averaged between 500 and 3000 m depth. (f) SSH. Red and Green 

contours denote the winter Sea Ice extent in the control run and after 30 years of perturbation experiment 

respectively. 

 
  

The Southern Oceans around Antarctica are cooling 
(see diagram a), while computer simulations suggest 
that it should have warmed (diagram b). Why?
Recent anomalous melt of Antarctica is estimated to be 
around 750 Gt/yr (2019). Could this be important?

We used the Goddard Institute for Space Studies (GISS) 
Earth System Model, ModelE,  which has an excellent 
representation of the Southern Ocean. We drove the 
model with an abrupt increase in melt and examined 
the response using a Greens Function approach to 
estimate how this would affect climate projections.

Result: The melt flux does drives Southern Ocean 
cooling, freshening and sea ice expansion (diaram c), 
suggesting that this is an important component of the 
Southern Ocean trends and should be explicitly 
included in climate model hindcasts and projections.

a) Observed change in Southern Ocean 
surface temperature (1992-2014)

b) Simulated change in standard 
models.

c) Simulated change in surface 
temperature from adding melt water.
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