
Lesson 2

Radiative Forcing EarthRadiative Forcing, Earth 
Temperature, and Climate 

Sensitivity



Photosphere: The visible 
region of Sun, and most of 
its energy reach the Earth.
It i b t 500k thi k itIt is about 500km thick, its 
temp ranges from 8000K to 
4000K (mean=5870 K, used 
as the Sun’s temp).
Chromosphere: From 
500-2000 km, its temp 
increases from 4000 to 
6000 K.
Corona: From 2000 km to 
several millions km. Its 
temp is about 2X106 K.
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Effective temperature
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Greenhouse effect - one atmospheric layer 
model

σbTE
4ρ

b E
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•  is the fraction of the IR radiation absorbed by the•  is the fraction of the IR radiation absorbed by the 
atmosphere
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Greenhouse effect

• An examination of the previous equation shows 
that as ε increases the ground temperature 
increasesincreases.

• This is what is referred to as greenhouse warming.
• As we shall show later not all of the additionalAs we shall show later, not all of the additional 

energy trapped by the additional absorption goes 
inot heating the surface. Some , for example goes 
into evaporation of water which stores energy ininto evaporation of water - which stores energy in 
the atmosphere as additional latent heat.

• So one should view the inference of the equationSo one should view the inference of the equation 
with some caution.

• This issue will be discussed later when climate 
f db k i dd dfeedback is addressed.
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Li et al. (1997)





Trenberth et al., 2009, BAMS
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Radiative equilibrium
• First Law of Thermodynamics - the time rate of change 

of the column energy is

TOAs FFNE



 )1(  TOAst
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• Where N is called the radiative forcing

• and 4
SBffTOA TF 

Where N is called the radiative forcing

and SBeffTOA TF 

Where Teff is the effective transmission of the atmosphereWhere Teff is the effective transmission of the atmosphere 
to thermal radiation ( (1- ε) in the simple model)



Perturbation to the radiative forcingPerturbation to the radiative forcing

• What happens if N(TS) is changed by ∆ N(TS)What happens if N(TS) is changed by ∆ N(TS) 
• Assume that the atmosphere moves to a new 

equilibrium temperature, then we can writeq p ,
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We define the climate sensitivity α as
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Climate sensitivityClimate sensitivity
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CO2 doublingCO2 doubling

• The calculated radiative forcing from doublingThe calculated radiative forcing from doubling 
CO2 is ~4 Wm-2

• Assuming that the solar flux is constant we get g g
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• FTOA= 240 Wm-2  and  Ts = 288 K, hence α=0.3 Wm-2K-1

• Hence the increase in surface temperature is 1 2 K• Hence the increase in surface temperature is 1.2 K 



Change in the solar constantChange in the solar constant
• Suppose the solar constant were to decrease by 1%pp y
• Assume no feedbacks other than the reduced thermal 

emission. If there is no albedo change due to the 
decreased solar flux then the second term in thedecreased solar flux then the second term in the 
climate sensitivity is zero. Hence we get:
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Change in the solar constant 2Change in the solar constant 2
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• Change in temperature is -0.72 Kg p



General expression for αGeneral expression for α
• Consider a parameter Q ( such as albedo) that depends p Q ( ) p

on the surface temperature
• The direct forcing ∆N is augmented by a term

N
Q

.
Q
T

.TsQ Ts

• Solving for the climate sensitivity we find
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General expression for αGeneral expression for α

• If we have an arbitrary number of forcings Q thenIf we have an arbitrary number of forcings Q then 
one can derive a general expression for the 
climate sensitivity

  1)//()/(/4   ssTAO TQQNTF 
It should be noted that the above 

equation assumes that the individual 
forcings are independent of one another



Radiative forcing of greenhouse 
gases



Radiative forcingRadiative forcing 



Negative feedbackNegative feedback



Positive feedbackPositive feedback



Polar ice coverage - positive g p
feedback: Positive or negative ?



CLIMATE FEEDBACK MECHANISMSCLIMATE FEEDBACK MECHANISMS

• POSITIVE AND NEGATIVE FEEDBACKS 

• WATER VAPOR - POSITIVE 

• ICE COVER - POSITIVE 

• CLOUDS - POSITIVE AND NEGATIVE -
MAINLY NEGATIVE 



Homework Due Feb 9Homework Due Feb 9
1. In addition to the planet earth, other 

planets in the solar system also have the 
greenhouse effects. Use the data in the 
following table for Mars, Venus and Earth 
to 1) determine the magnitude of the 
greenhouse effect, 2) elaborate its 
significance with respect to the solar 
effect, 3) place the earth in the positions of 
the Mars and Venus, what will be the 
earth’s temperature, assuming earth’s 
albedo remains the same. 
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2. Use the two-layer model as shown below, Use e o aye ode as s o be o ,
1) Write the radiation budget equations at 1) TOA, Layer 1, 

3) Layer 2, and 4) surface, assuming both layers are 
bl kb d f LW d t t f SWblackbody for LW and transparent for SW. 

2) Derive the surface temperature (Ts) as a function of the 
planetary temperature (Te)planetary temperature (Te)

3) If the layer of the atmosphere is increased to n, what’s 
the relationship between the two temperatures.


