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GREENHOUSE EFFECT: 
absorption of terrestrial radiation by the atmosphere 



Source: Kiehl and Trenberth: Earth’s Annual Global Mean Energy Budget, 
Bull. Am. Met. Soc. 78, 197-208, 1997. 

Earth’s Energy Budget  



Impact of adding GHG 

Note: Pierrehumbert uses Trad, whereas we use Te 

Ts = Trad
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Terrestrial Radiation Spectrum From Space"
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How Does Addition Of A Greenhouse Gas Warm The Earth? 

1."

1. Initial state"

3. At new steady state, total 
emission integrated over all ’s 
must be conserved "
 Emission at other ’s must 
increase "
 The Earth must heat! "

3."

2." 2. Add to atmosphere a GG 
absorbing at 11 µm; 
emission at 11 µm 
decreases (we don’t see 
the surface anymore at 
that , but the atmosphere)"

Example of a GHG absorbing at 11 µm"

[courtesy D. Jacob] 



Global Radiative 
Forcing of Climate,  

1750-present 
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