
Lecture 5: 
The Atmosphere and 

the Greenhouse Effect



Goals for Lecture 5

 Introduction to the global heat budget 

(IPO)                                                        (IPO)         

Ch 4 Ch 5



Global Heat Budget
Balance between input and output of 

electromagnetic radiation

• Input short λ radiation from the sun

• Output long λ radiation from the earth

Max: 71 C (344 K), Min: -89 C (184 K) 

Mean
Earth 
Temp: 
15 C 
(288 K) 



Global Heat Budget

• Energy transfer processes:

– Solar radiation (+)
– Geothermal heat (minor ~ 0.03% of solar input) (+)

– Long wave radiation to space (-)
– Conductive heat loss (-)
– Latent heat loss (-)

• Average temperature of earth surface ~15oC



Simplified Global Heat Budget 

Sensible VS Latent Heat



Simplified Global Heat Budget 



Sensible VS Latent Heat

At most temperatures, 
adding heat to water 
produces a proportional 
temperature rise 
termed “sensible heat”

Sensible heat 
leads to a rise in 
temperature 

Latent heat does 
not lead to a rise 
in temperature

http://en.wikipedia.org/wiki/Sensible_heat


Radiative Equilibrium 
Temperature

• We can determine the temperature of the 
Earth from radiative balance

• If we know the amount of radiation leaving 
or arriving the Earth we can calculate the 
average Earth temperature

• Using Stephan-Boltzmann equation:                           
Watts / m2 = E = σ * e * k4

σ = S-B constant 5.67 10-8 W m-2 k-4

e  = emissivity = 1 in ideal case
k4 = Kelvin temperature to fourth power



Radiative Equilibrium Temperature

• Assume Earth temperature constant, so:                 
heat arriving = heat leaving (i.e., dH / dt = 0)

• True Solar constant Q = 1369 W / m2                       

(energy distributed over round rotating earth)

• So = Solar radiative flux at top of atmosphere 
(from solar constant). Subject to albedo (a). 

• Total amount of radiation absorbed by Earth 
equal the amount that would be collected on 
planet’s surface if it was a disk (with same 
radius as sphere), perpendicular to the sunlight. 



Radiative Equilibrium Temperature

• Earth’s radius is R, and area of that disk is πR2. 

• Thus heat absorbed by Earth = So * (1 - a) * πR2

• Total heat radiated from Earth equal to energy 
flux, based on its temperature, Te (from the 
Stefan-Boltzman law) * Earth’s surface:

• Heat radiated from Earth’s surface = 

(4πR2) * (σ * e * k4)      (Remember: e = 1)



Radiative Equilibrium Temperature

• In radiative balance we thus have:

• (4πR2 ) σ Kequilibrium
4 = (1 - a) πR2So

• Solving this equation for temperature we obtain:

• Kequilibrium
4 = (1 - a) πR2So  /  (4πR2 ) σ 

• Kequilibrium = [(1-a) So / 4σ] 1/4

• Kequilibrium = 255 K (or -18 °C)

•

• With this temperature the Earth radiation 
will be centered at 11 μm, within IR range.



Why the temperature discrepancy?
• Average surface temperature +15oC 
• Radiative equilibrium temperature -18oC
• Difference because Earth not true black body

• Atmosphere absorbs 
surface long wave radiation 
and radiates this back to 
surface and out to space 

• Note: Remember latent  
heat from water vapor 

-18oC at 5 km above surface 
[15 - (6.5 * 5) = -18]



Global Heat Budget Including 
Greenhouse Effect 



Quantifying Global Heat Budget

However, rates vary with location (latitude) 
and earth surface characteristics (albedo)



However, rates vary geographically with earth 
surface characteristics, that influence albedo

Global heat budget including 
greenhouse effect (IPCC 2007)



Global heat budget including 
greenhouse effect (IPCC 2007)



The Greenhouse Effect

The process by which radiation from a planet's 
atmosphere warms the planet's surface to a 

temperature above what it would be without its 
atmosphere.

Trapping of the sun's warmth in a planet's lower 
atmosphere, due to the greater transparency of the 
atmosphere to visible radiation from the sun than to 

infrared radiation emitted from the planet's 
surface.



The Greenhouse Effect



Major Greenhouse Gases 
Main gases that absorb and trap (rather than 

transmit) IR radiation in the atmosphere



Earth’s Average Surface 
Temperature

E = σ * e * K4

340 W/m2 = 5.67 10-8 W m-2 k-4 

340 / 5.67 * 10-8 = K4

5,996,472,663 = K4

(5,996,472,663).025 = K

K = 278.27

K=278.27 – 273.15 = 5.12 oC


