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Consider the total flux of radiation through the top of the g p
atmosphere:

TOA l IRF F F TOA solar IRF F F
Each term on the right can be regarded as function of the surface 
temperature T and many other variables xi :temperature, Ts, and many other variables xi :
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Now let’s call the Nth process a “forcing”, Q:
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Climate sensitivity Feedback factors; can 
be of either sign

Note that feedback factors do NOT add linearly in y
their collective effects on climate sensitivity



Examples of Forcing:Examples of Forcing:Examples of Forcing:Examples of Forcing:

• Changing solar constant

• Changing concentrations of non‐interactiveChanging concentrations of non interactive 
greenhouse gases

• Volcanic aerosols• Volcanic aerosols

• Manmade aerosols

• Land use changes



Solar Sunspot CycleSolar Sunspot CycleSolar Sunspot CycleSolar Sunspot Cycle







Satellite measurements of solar fluxSatellite measurements of solar fluxSatellite measurements of solar fluxSatellite measurements of solar flux



Inferences based 
on Models of 
Solar Variability



Recent History of Volcanic EruptionsRecent History of Volcanic Eruptions



Variation with Time of Natural Climate Variation with Time of Natural Climate ForcingsForcings::



Examples of Feedbacks:Examples of Feedbacks:Examples of Feedbacks:Examples of Feedbacks:

• Water vapor

• Ice‐albedo

• Clouds

• Surface evaporation

• Biogeochemical feedbacks• Biogeochemical feedbacks



Estimates of Climate SensitivityEstimates of Climate SensitivityEstimates of Climate SensitivityEstimates of Climate Sensitivity
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Suppose that Ts = Te + constant and that 
shortwave radiation is insensitive to Ts:s
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Examples of Forcing Magnitudes:Examples of Forcing Magnitudes:Examples of Forcing Magnitudes:Examples of Forcing Magnitudes:

• A 1.6% change in the solar constant, 
equivalent to 4 Wm‐2 would produce aboutequivalent to 4 Wm‐2,  would produce about 
1oC change in surface temperature

• Doubling CO2, equivalent to 4 Wm‐2,  would 
produce about 1oC change in surface 
temperature



Contributions to net radiative forcing Contributions to net radiative forcing 
change 1750change 1750‐‐2004:2004:change, 1750change, 1750 2004:2004:



Examples of feedback magnitudes:Examples of feedback magnitudes:Examples of feedback magnitudes:Examples of feedback magnitudes:

• Experiments with one‐dimensional radiative‐Experiments with one dimensional radiative
convective models suggest that holding the 
relative humidity fixedrelative humidity fixed, 
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This by itself doubles climate sensitivity; with otherThis, by itself, doubles climate sensitivity; with other 
positive feedbacks, effect on sensitivity is even larger



IceIce‐‐Albedo FeedbackAlbedo FeedbackIceIce Albedo FeedbackAlbedo Feedback




