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Arrhenius’s paper is the first to quantify the contribution of carbon 

dioxide to the greenhouse effect (Sections I-IV) and to speculate about 

whether variations in the atmospheric concentration of carbon dioxide 

have contributed to long-term variations in climate (Section V).  

Throughout this paper, Arrhenius refers to carbon dioxide as “carbonic 

acid” in accordance with the convention at the time he was writing. 

 

Contrary to some misunderstandings, Arrhenius does not explicitly 

suggest in this paper that the burning of fossil fuels will cause global 

warming, though it is clear that he is aware that fossil fuels are a 

potentially significant source of carbon dioxide (page 270), and he does 

explicitly suggest this outcome in later work. 

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)





Anthropogenic 

Influence on 

Atmospheric 

Concentration of 

Greenhouse Gases

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*







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.










