
What gases cause the greenhouse effect?

• Gases that absorb IR radiation are 

greenhouse gases (GHG)

• But not all gases that absorb IR 

radiation are effective GHG



Atmosphere’s Absorption Spectrum

Indicates absorptivity we assumed in 

our 1-layer model

Absorptivity versus wavelength



Water (H2O) as “most important” GHG
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“Amounts” measured by Pressure
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Atmosphere’s Absorption Spectrum

Indicates absorptivity we assumed in 

our 1-layer model

Absorptivity versus wavelength



GHG Ranking Factors

1. Amount: more GHG, more radiation can be 

absorbed

2. Ability: depends on wavelength and GHG

Absorptivity () ~ Amount*Ability

3. Location: both where in altitude and where in 

outgoing radiation spectrum (wavelength)



Atmosphere’s Absorption Spectrum

Indicates absorptivity we assumed in 

our 1-layer model

Absorptivity versus wavelength



Emission Spectrum of Earth Taken From Space

Spectrum taken 

over Niger valley,

N Africa

Emission from cold atmosphere and warm surface

“Atmospheric Window”
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GHG Ranking: Wavelength “Location”

Water Level

~ Ts

Plug a small leak

→smaller increase 

in Ts

Plug a big leak

→bigger increase in Ts



Altitude Location: Atmospheric Temperature

Amount of radiation emitted by 

atmospheric gases will depend 

on their temperature

Mean values for 30oN, March
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Solar heating of the surface sets 

tropospheric temperature profile

Temperature decreases with 

increasing altitude in troposphere



Altitude Location: Atmospheric Temperature

Amount of radiation emitted by 

atmospheric gases will depend 

on their temperature
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Solar heating of the surface sets 

tropospheric temperature profile

Temperature decreases with 

increasing altitude in troposphere

Absorption of short-wave solar 

radiation by ozone in stratosphere 

causes temperature to increase



Emission Spectrum of Earth Taken From Space

Spectrum taken 

over Niger valley,

N Africa

Emission from cold atmosphere and warm surface

“Atmospheric Window”
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Poll

• Emission T of H2O and CO2



“Emission Height”

Temperature
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Emission to space from 

z = a carries much more 

energy than from z = b



GHG Ranking: Emission Height (Location)

Tbefore
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GHG Ranking: Emission Height (Location)

Tbefore

Tafter

A GHG which causes a 

higher emission altitude 

is a larger constriction 

of energy flow out.



GHG Ranking Factors

1. Amount: more there is, potentially more 

radiation can be absorbed

2. Ability: depends on the wavelength and GHG

3. Location: both where in the atmosphere and 

where () in the outgoing radiation spectrum



Poll

Dr. Evil makes a GHG 



Addition of a GHG Absorbing at 11 m

1. Initial state



Addition of a GHG Absorbing at 11 m

2. Emission at 11 m 

decreases (now from a cold 

atmosphere)



Addition of a GHG Absorbing at 11 m

3. New equilibrium: 

→total emission must be same 

→emission at other ’s must increase 

→Earth surface must heat! 



An Analogy Perhaps?

squeeze toy video

http://www.youtube.com/watch?v=NBD3mqTUZzg&feature=related

