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Annual-mean temperature change 
predicted for around 2050 in the 

GFDL coupled climate model 
experiment. 

Stouffer et al., 1989 



IPCC First Assessment Report (1990) 



Observed surface air temperature trends…. 

1970	
  –	
  2010	
  trends	
  in	
  annual	
  mean	
  SAT	
  

http://data.giss.nasa.gov/gistemp/maps/ 



Observed SAT trends…. 

http://data.giss.nasa.gov/gistemp/maps/ 

1970 – 2010 trends in annual mean SAT 



1970 – 2010 trends in annual mean SAT 

Observed SAT trends…. 

http://data.giss.nasa.gov/gistemp/maps/ 
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England et al. (2009; Copenhagen Diagnosis) 



Marked	
  sea-­‐ice	
  trends	
  across	
  the	
  hemispheres	
  

1980-2008 trends 

Annual SIC trends 
1979–2013 

Purich et al. 2016 

Average sea-ice 
1979–2006 and  

then in 2007 



Marked	
  geometry	
  contrast	
  across	
  the	
  hemispheres	
  

South Pole:  
Land mass + Land ice 
Surrounded by oceans 

North Pole:  
Ocean + sea-ice 

Surrounded by land 
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Due	
  to	
  trends	
  in	
  the	
  Southern	
  Annular	
  Mode…?	
  

ODS-only 

GHG-only 

GHG 

GHG + O3 

IPCC 2007 

Multi-model SAM index (Nov-Feb) 



Rintoul and England [2002] JPO 

Imprint	
  of	
  wind	
  trends	
  on	
  Southern	
  Ocean	
  circula6on…?	
  



Density
surfaces

Antarctica

Ekman 
layer

Atmospheric
boundary
layer

Su
bs

id
in

g 
ai

r

Ri
si

ng
 a

ir

Regional & seasonal
differences in sea-ice response

Reduced cloud
          cover

Deep ocean

Weak
return flow

Barotropic
flow

Ri
si

ng
 a

ir

o o o

MLD

}
}

Surface !uxes, Ekman transport and MLD changes act in concert 
to produce SST response. Eddy heat !uxes act in the opposite sense
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Thompson et al. (2011) 
Nature Geosciences 

Sen Gupta and England (2006) 
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Sen Gupta &  
England 2006 
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Interhemispheric	
  asymmetry…?	
  

•  How	
  much	
  of	
  a	
  role	
  does	
  the	
  DP	
  effect	
  /	
  subducLon	
  /	
  
deep	
  MLs	
  north	
  of	
  the	
  ACC	
  have?	
  

Maximum	
  mixed	
  layer	
  depth	
  during	
  the	
  year,	
  based	
  on	
  monthly	
  means	
  	
  
!



Eddy	
  compensaLon…?	
  

•  What	
  is	
  the	
  role	
  of	
  ocean	
  eddies	
  now	
  and	
  into	
  the	
  future…?	
  

Morrow et al. 2010 

Observed 2 year lagged correlation between  
monthly EKE and the SAM  

 
And also Meredith, Hogg, Morrison, Dufour, Delworth, Gent, 
Spence, Farneti, ….  



Eddies compensate Ekman mass flux but 
not upper ocean heat fluxes 
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Sen Gupta and England (2006) Morrison and Hogg (2013) 
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Rintoul and England [2002] JPO 

Imprint	
  of	
  wind	
  trends	
  on	
  Southern	
  Ocean	
  T-­‐S…?	
  



Rintoul and England [2002] JPO 

Imprint	
  of	
  wind	
  trends	
  on	
  Southern	
  Ocean	
  T-­‐S…?	
  

March July 



Salinity	
  trends	
  1950-­‐2000	
  

0.2 per 50 yrs 

- 0.2 per 50 yrs 

Durack and Wijffels (2010) 



Salinity	
  trends	
  1950-­‐2000	
  

0.2 per 50 yrs 

- 0.2 per 50 yrs 

Durack and Wijffels (2010) 



CTRL sea-ice FW+ minus CTRL 

Aiken and England (2008) 
 
See also:   
    Swart and Fyfe (2013) 
    Bintanja et al. (2013) 
           

Adding	
  FW	
  anomalies	
  also	
  has	
  a	
  cooling	
  effect	
  	
  

Morrison et al. (2013) 



So	
  why	
  don’t	
  models	
  capture	
  this	
  transient	
  cooling?	
  

OBS 

MMM 

ICE SST 

ICE SST 
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Purich et al. (2016) 



Ferreira	
  et	
  al.	
  2014 





SST,	
  SAT,	
  wind	
  and	
  sea-­‐ice	
  trends	
  1979-­‐2014 

Jones	
  et	
  al.	
  NCC	
  (in	
  press) 



Variability	
  is	
  also	
  playing	
  a	
  significant	
  role…. 

Purich et al. (2016) 



Variability	
  is	
  also	
  playing	
  a	
  significant	
  role…. 

Purich et al. (2016) 

Pacemaker	
  experiments 



Conclusions	
  
•  Interhemispheric	
  asymmetry	
  in	
  SAT	
  response	
  to	
  

GHGñ	
  is	
  progressing	
  as	
  predicted	
  

•  Along	
  with	
  deep	
  mixed	
  layers	
  north	
  of	
  the	
  ACC,	
  
the	
  Southern	
  Annular	
  Mode	
  has	
  made	
  a	
  major	
  
contribuLon	
  to	
  recent	
  high-­‐laLtude	
  cooling	
  

•  In	
  addiLon:	
  warming	
  and/or	
  freshening	
  of	
  the	
  
surface	
  Southern	
  Ocean	
  also	
  produces	
  cooling.	
  	
  
This	
  occurs	
  due	
  to	
  a	
  reducLon	
  of	
  open	
  ocean	
  
convecLon	
  and	
  increased	
  straLficaLon.	
  

•  Interannual	
  –	
  decadal	
  variability	
  is	
  also	
  likely	
  a	
  
significant	
  player,	
  via	
  the	
  IPO	
  /	
  ENSO	
  /	
  AtlanLc	
  

•  ??	
  Why	
  is	
  the	
  fast	
  Lme-­‐scale	
  response	
  persisLng	
  
so	
  long	
  ??	
  

Density
surfaces

Antarctica

Ekman 
layer

Atmospheric
boundary
layer

Su
bs

id
in

g 
ai

r

Ri
si

ng
 a

ir

Regional & seasonal
differences in sea-ice response

Reduced cloud
          cover

Deep ocean

Weak
return flow

Barotropic
flow

Ri
si

ng
 a

ir

o o o

MLD

}
}

Surface !uxes, Ekman transport and MLD changes act in concert 
to produce SST response. Eddy heat !uxes act in the opposite sense

Increased westward wind/current

Increased eastward wind/current Heat Fluxes

Eddy response

En
ha

nc
ed

 u
pw

el
lin

g 
of

 c
ar

bo
n-

ric
h 

de
ep

 w
at

er



Imprint	
  of	
  the	
  Southern	
  Annular	
  Mode	
  on	
  the	
  	
  
coupled	
  ocean-­‐atmosphere-­‐ice	
  system	
  	
  

Matthew England 
www.science.unsw.edu.au/~matthew 

M.England@unsw.edu.au 

Ma#hew	
  England	
  
UNSW	
  	
  	
  Sydney	
  	
  	
  Australia 


