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Lecture 10: Climate Sensitivity and Feedback

 Climate Sensitivity
 Climate Feedback

Human 
Activities
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Climate Sensitivity and Feedback

(from Earth’s Climate: Past and Future)
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Definition and Mathematic Form

 Climate Sensitivity: the 
relationship between the measure 
of forcing and the magnitude of 
the climate change response. 

 Feedback Mechanism: a 
process that changes the 
sensitivity of the climate 
response.

direct impact
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Direct Impact and Feedback Process
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Major Climate Feedback Processes

 Water Vapor Feedback - Positive

 Snow/Ice Albedo Feedback - Positive

 Longwave Radiation Feedback - Negative

 Vegetation-Climate Feedback - Positive

 Cloud Feedback - Uncertain
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Water Vapor Feedback

 Mixing Ratio = the dimensionless ratio of the mass 
of water vapor to the mass of dry air.

 Saturated Mixing Ratio tells you the maximum 
amount of water vapor an air parcel can carry.

 The saturated mixing ratio is a function of air 
temperature: the warmer the temperature the larger 
the saturated mixing ration.

 a warmer atmosphere can carry more water vapor
 stronger greenhouse effect
 amplify the initial warming
 one of the most powerful positive feedback
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Saturation Vapor Pressure
 Saturation vapor pressure describes how 

much water vapor is needed to make the 
air saturated at any given temperature.

 Saturation vapor pressure depends 
primarily on the air temperature in the 
following way:



 Saturation pressure increases 
exponentially with air temperature.

The
Clausius-Clapeyron
Equation

L: latent heat of evaporation; : specific volume of vapor and liquid
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Snow/Ice Albedo Feedback

 The snow/ice albedo feedback is 
associated with the higher albedo of ice 
and snow than all other surface covering.

 This positive feedback has often been 
offered as one possible explanation for 
how the very different conditions of the 
ice ages could have been maintained.

(from Earth’s Climate: Past and Future)
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(from IPCC AR5)

1. enhanced warming in 
tropical troposphere

2. enhanced cooling in 
polar stratosphere

3. enhanced warming at 
polar surface

Temperature Changes due to Anthropogenic Warming

(2081-2100) minus (1986-2005)

associated with a
decline in the moist
adiabatic lapse rate of
temperature in the
tropics as the climate
warms

associated with a
decline in the moist
adiabatic lapse rate of
temperature in the
tropics as the climate
warms

associated with polar
ozone depletion
associated with polar
ozone depletion

associated with snow-
ice-albedo feedback in
the Arctic

associated with snow-
ice-albedo feedback in
the Arctic

colder stratosphere  increases PSC
 deplete ozone
colder stratosphere  increases PSC
 deplete ozone

Warming in the troposphere 
and cooling in the 

stratosphere 

 due to the absorption of 
longwave radiation by 

CO2 in the troposphere such 
that it is no longer available 

to the stratosphere.
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Snow/Ice-Albedo Feedback

(from Earth’s Climate: Past and Future) (from http://www.onlyonesolution.org)
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Accelerated Sea Ice Lost in Arctic
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(from NASA)

Arctic Sea Ice from March to September 2017
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Vegetation-Climate Feedbacks

(from Earth’ Climate: Past and Future)
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Albedo

(from Earth’s Climate: Past and Future)
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Longwave Radiation Feedback

 The outgoing longwave radiation emitted by the Earth depends on surface 
temperature, due to the Stefan-Boltzmann Law: F = (Ts)4.

 warmer the global temperature
 larger outgoing longwave radiation been emitted by the Earth
 reduces net energy heating to the Earth system
 cools down the global temperature
 a negative feedback
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Cloud Feedback

 Clouds affect both solar radiation and terrestrial (longwave) radiation.
 Typically, clouds increase albedo  a cooling effect (negative feedback)

clouds reduce outgoing longwave radiation  a heating effect (positive feedback)
 The net effect of clouds on climate depends cloud types and their optical 

properties, the insolation, and the characteristics of the underlying surface.
 In general, high clouds tend to produce a heating (positive) feedback. Low clouds 

tend to produce a cooling (negative) feedback.
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Important Roles of Clouds In Global Climate
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 Longwave radiation feedback is ______ 
feedback.

(a) Positive (b) negative


