Lecture 10- Physics behind the single layer model (Part I)
Key concept: Optical depth of the atmosphere 
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Definitions
Mass mixing ratio of absorber (greenhouse gas)  
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It is a non dimensional number (<<1) which characterizes the abundance of the absorber in the atmosphere (fraction of mass of absorber in a given volume of air).

Absorption coefficient:  
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 in units of 
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. It characterizes the efficiency with which the absorber interacts with radiation at the molecular level. 
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 always comes multiplied by 
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which reflects that two effects are important to make a substance a significant greenhouse gas: it must be abundant (relatively large 
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) and it must be efficient at interacting with terrestrial radiation at the molecular level (large  
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). Water vapour has both effects and that’s why it is the most important greenhouse gas.
Optical depth of a layer between the surface (z=0) and a given height z: 
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 (10.3)
It is a non dimensional number which measures the strength of absorption of radiation by the layer. The larger the optical depth (i.e., the “more opaque” the layer is), the larger the absorption within the layer. The smaller the optical depth (i.e., the more “transparent” the layer is), the weaker the absorption within the layer.
Optical depth of the atmosphere: 
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 (10.4)

Application of (10.3) to the whole atmospheric column. 
Transmission of upward radiation through the atmosphere
The change in upward radiation between height z and z+dz is given by
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The upward radiation 
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emitted by the atmosphere, as seen from Space, is obtained by integrating (10.2) from 
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For an atmospheric optical depth of unity, the surface only contributes about 30% (=1/e) to the radiation making it to Space. If 
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, the surface contribution becomes less than 10% (1/
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. In the single layer model, the surface radiation was entirely absorbed by the layer, and none of it was contributing to 
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. This is thus a limit case of the more general problem considered here, one in which one approximates the atmosphere as an opaque body. The discussion of the 2nd term on the r.h.s of (10.5) is postponed to lecture 11.
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