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Absorption Line Broadening 
Figure 3.4 shows the individual and composite absorption for the important 

greenhouse gases.  Figure 3.4 is the transmission spectrum at low spectral 
resolution, at high resolution, the individual rotational features within each 
vibrational absorption band can be seen.  (CO2 spectrum).  Of critical 
interest for radiative transfer is the width of the individual absorption 
features. 
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O3, N2O, and CH4 

Ozone, O3, is bent molecule and possesses a permanent dipole moment (like 
H2O).  Ozone is an important greenhouse gas due to its strong absorption at 
9.6 um (v3).  Because ozone is present in the (relatively) warm upper 
stratosphere, strong emission from ozone can be observed at the surface.   

N2O (nitrous oxide) and CH4 (permanent dipole?) round out the stable of 
important greenhouse gases on Earth.  Both are increasing rapidly and 
strongly influence atmospheric photochemistry.  The oxidation of methane 
is an important sink of the hydroxyl radical in the lower troposphere.  The 
oxidation of N2O in the stratosphere is responsible for most of the NOx 
gases at these altitudes, which in turn strongly influence the amount of 
ozone.   
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Pressure Broadening 
A second type of broadening occurs due to the interaction of collisions with 

the absorbing medium.  The broadening, known as pressure or collisional 
broadening increases linearly with the collision rate (and thus to first order 
pressure).  The line shape is quite different from the Doppler shape 
(Lorentzian):  

φL(ν) ∝ (ΔνL / [δν2+ΔνL
2]) 

where ΔνL is the pressure broadened width, and δν is the distance from line 
center. 

The Lorentzian line shape is much broader producing significant absorption 
far from line center.   

Note that the strength of a given transition is intrinsic to the molecule and so 
the integrated intensity is conserved.   
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