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In 1896, Arrhenius made the 
connection between 

atmospheric CO2 and global 
climate! 



60X more CO2 in ocean 
than in atmosphere! 

 
Oceanic processes drive  

glacial to interglacial 
changes in atm. CO2 

Time Scales for Exchange 
Atm.-surface ocean ~ 10 yr 
Atm. - deep ocean   ~1000 yr 
Atm./Ocean - sediments ~ 105 to 107 yr.  
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SOFEX Fe Fertilization Study in Southern Ocean 



Source: OSTP 

(w/o greenhouse avg. earth temp. ~ -25°C instead of +15 with) 
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Concentration of 
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Source: IPCC TAR 2001 









• Clear correlation 
between atmospheric 
CO2 and temperature 
over last 160,000 years 
 

• Current level of CO2 is 
outside bounds of 
natural variability 
 

•Rate of change of CO2 
is also unprecedented 

Source: OSTP 



Source: IPCC TAR 2001 

*relative to 1961-1990 average 

Variations of the 
Earth’s Surface 

Temperature* 



Also: 
1) Reduced arctic sea ice cover 
2) Longer growing season 
3) Change in time of seasonal  
      migrations 
4)  Lower stratospheric temp. 



 If business as usual: 
 

• CO2 concentrations will likely 
be more than 700 ppm by 2100 
 

• Global average temperatures 
projected to increase between 
2.5 - 10.4°F 

2100 

Source: OSTP 







10 m sea level rise 
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Whole ocean has the capacity to absorb 5/6 
of the atm. increase in CO2 through this  
mechanism, but can only occur on time scale of 
surface to deep mixing ~ hundreds of years. 
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