
                                       

                                                      



1.  The ocean’s role in the earth’s 
climate system 



Annual range of monthly mean temperatures (°C)  
over the globe. 

Gill, 1982 



Annual mean sea surface temperature 



Storing and transporting heat 



Figure 3: Sea surface temperature image off the NSW coast  
during November, 1993.  



Sea surface temperature over the global ocean 



 Schematic diagram of thermal effects driving the overturning  
circulation in the oceans. 







Rahmstorf 



Rahmstorf 



(Rahmstorf & Ganopolski, Clim. Change 1999) 

Simulation: Global Warming Scenario 



Does the Southern Ocean THC exhibit  
multiple steady states? 

Trevena, Sijp & England, 2007 



Southern Ocean THC response to 
land-ice melt 

Aiken and England (2007) 
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Trevena, Sijp & England, 2007 



Trevena, Sijp & England, 2007 





 Poleward ocean heat transport in each ocean basin  
and summed over all oceans (total) for the annual mean  

period 1985 - 1989 in PW. 



 Figure 7: Schematic diagram of various components and interactions of the
 climate system. 



NORMAL  EL NINO 



ENSO & Drought/bushfires in Australia



2.  The ocean’s capacity to 
modulate climate change 



 Figure 11: The Earth’s radiation budget. 



Annual-mean temperature change predicted for the year 2050 in the
 GFDL coupled climate model experiment. 

Stouffer et al., 1989 



Climate change simulation to year 2054 

> 3 degs C warming 

NCAR CCSM2 



Annual mean change in temperature (colour shading) and its range (isolines) (Unit: °C) for the SRES 
scenario A2, showing the period 2071 to 2100 relative to the period 1961 to 1990. 

Annual-mean temperature change predicted for 2070-2100  
in IPCC Third Assessment Report models  



IPCC-WG1 [2007] 





IPCC 2007 



Biological carbon pump 





CO2 absorbed 
through water-mass 
formation 



3.  The ocean’s capacity to  
bite back 



Ocean Circulation 

•  North 
Atlantic 
and 
Southern 
Ocean are 
the most 
important 
regions  



Future changes in the North Atlantic thermohaline circulation? 



IPCC 2007 

Indian Ocean warming trend 

1900-1970 1970-1999 



Tropical Cyclone Nicholas, 18 February, 2008  





Figure 1. Model Simulation of Trend in Hurricanes  
(from Knutson et al, 2004) 
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Global mean sealevel anomalies 



Air temperature trend, 1982 – 2004  



Twentieth Century Land-Ice Changes 

Davis et al., Vaughan; Science, 2005 





What does the past tell us about 
sealevel? 

David Archer (2000) 



AIR-SEA CO2 FLUX 

THERMOHALINE 
CIRCULATION 

BIOLOGY 

TODAY: 



AIR-SEA CO2 FLUX  WEAKENS* 

THERMOHALINE 
CIRCULATION 

SLOWS 

OCEAN SURFACE WARMS 

* Flux depends on solubility which in turn depends on SST 
**  Not entirely true – ocean acidification 

BIOLOGY mostly unchanged** 

GREENHOUSE: 



Summary 

 The oceans play a vital role in our climate 
system by 

 storing and transporting heat 
 controlling weather and climate variability 
 absorbing and redistributing carbon 

 Present-day climate is greatly moderated by 
the ocean 

 Climate change will be moderated to some 
extent by the oceans: they can store massive 
amounts of heat and carbon.  But this will 
change as the ocean's thermohaline circulation 
slows. 
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Summary 

 The oceans play a vital role in our climate 
system by 

 storing and transporting heat 
 controlling weather and climate variability 
 absorbing and redistributing carbon 

 Present-day climate is greatly moderated by 
the ocean 

 Climate change will be moderated to some 
extent by the oceans: they can store 
massive amounts of heat and carbon.  But 
this will change as the ocean's 
thermohaline circulation slows. 



…… Commissioned by the US Council on Environmental Quality  
         as a briefing for President Jimmy Carter in 1979 



  “Enlightened policies in the management of
 fossil fuels and forests can delay or avoid
 these changes, but the time for implementing
 the policies is fast passing.” 

  “Man is setting in motion a series of events that
 seem certain to cause a significant warming of
 world climates over the next decades unless
 mitigating steps are taken immediately. The cause
 is the accumulation of CO2 and other heat
-absorbing gases in the atmosphere.” 

Woodwell et al. [1979] 

Woodwell et al. [1979] 



                                       

                                                      


