Lecture 13- Climate sensitivity
Key concept: Feedback analysis
Methodology: feedback analysis 
We use eq. (9.3) to develop a general framework allowing prediction and analysis of surface temperature change caused by 2XCO2:  
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. The terms on the r.h.s can not be, in general, taken as external forcing since 
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implicitly depend upon 
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. Using chain rule differentiation we make this clear and useful. 

Simplified analysis

Assuming (i) fixed lapse-rate (ii) 
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only depends upon CO2 and water vapour concentrations, and using (8.1), we write 
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Water vapour feedback parameter: As emphasized in lectures 8-12, water vapour concentrations depend strongly on surface temperature. It is useful to introduce a water vapour feedback parameter 
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 representing this effect,
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Surface albedo feedback parameter: As surface temperature increases, sea-ice extent is likely to decrease which reduces the amount of solar radiation reflected at the surface: this tends to reinforce the initial warming since less solar radiation reflected means more solar radiation absorbed by the surface. In other words planetary albedo (the surface albedo is one component of it, other components include for instance clouds –see Problem sheet 3) depends upon surface temperature, a dependence introducing a positive feedback
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Introducing (13.3)-(13.4) in (13.1)-(13.2) we readily obtain,
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The first term on the r.h.s depends upon surface temperature and measures the additive effect of water-vapour and surface albedo feedbacks. The second term is the external CO2 forcing. Approximating the above equation by a finite change resulting from 2XCO2 concentrations (
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where 
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was introduced in lecture 12 (change in surface temperature when there is no water vapour feedback and no planetary albedo feedback; eq. (12.4)). 
Other temperature -dependent feedbacks (negative or positive) could easily be included in this analysis (see Problem sheet 3) yielding a general formula for 
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where the sum is over all temperature-dependent feedback parameters 
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Physical interpretation of the feedback parameters 
Using eqs. (12.1)-(12.2) we rewrite 
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which allow us to express (13.6) as
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         where 
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In the case studied in lecture 12 in which the only feedbacks considered were Stefan-Boltzman and water vapour, our estimate for 
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 was simply eq. (12.8), i.e.
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showing that for this special case, 
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. In other words, the non dimensional water vapour feedback measures the change in top-of-the atmosphere upward radiation sensitivity to surface temperature (expressed in 
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) introduced by the presence of  an interactive water vapour distribution, normalized by the  Stefan-Boltzman sensitivity 
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in which we have used (12.9)
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