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Earth – Venus comparison

• Earth
– Avg. surface temp. 

15°C.
– 1 A.U. from Sun
– 342 W/m2 reach Earth
– 31% radiation reflected 

back to space
– 242 W/m2 absorbed
– 0.02% CO2

– 31°C greenhouse effect

• Venus
– Avg. surface temp. 

460°C.
– 0.72 A.U. from Sun
– 645 W/m2 reach Venus
– 80% radiation reflected 

back to space
– 130 W/m2 absorbed
– 96% CO2

– 285°C greenhouse effect

“The faint young 
sun paradox”

Hydrolysis accounts for 80% of the 0.15 gigaton removal of carbon per year
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The Birth of GCMs
Joseph Smagorinsky

• 1975 – Smagorinsky and Manabe’s 3-D GCM.
– Doubling of CO2 would produce 3.5 – 6.3°C.

August temperatures (red = hot, violet = cold)

Initial August average 
temperatures

Resultant August average 
temperatures after 

doubling of CO2
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James Hansen – NASA

Climate sensitivity estimates over time
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