
The Greenhouse Effect



Temperature Equilibrium
The Earth is in equilibrium with the Sun - it is neither heating nor
cooling on average.
We compute the equilibrium temperature of the Earth by equating the heat
absorbed from the Sun with the heat radiated by the planet.

•Input energy is from the stellar luminosity L.
   Ein=L / 4D2. D is the distance between the star and planet.
   In the case of Earth, Ein is the solar constant f= 1.4 x 106 erg/cm2/s.
•The albedo A is the fraction of light the planet reflects back into space;
  (1-A)Ein is absorbed. Earth's albedo is 0.39; those of Venus and Mars are 0.76
  and 0.15, respectively.
•This energy is intercepted by the projected surface area of the planet, as seen
   from the star, or by Rp, where Rp is the radius of the planet.
•The planet radiates like a black body, so Ep=4Rp

2  T4, where  is the Stefan-
   Boltzmann constant and T is the temperature of the planet.
•The planet is in equilibrium. This means that the input heating  Ein must be
   exactly balanced by the radiational cooling Ep.
•Set Ein = Ep and solve for T. The planet’s temperature is proportional to (L/D2)0.25



The Temperature of the Earth
The temperature of the Earth computed this way is 247K.
The actual mean surface temperature is about 14C, or 287K.
The 40K difference is due to the greenhouse effect.

Essentially all the solar heating comes in as optical light, to which our
atmosphere is transparent.

The Earth tries to radiate this heat away as a 247K blackbody, so most of
the radiation is emitted at infrared wavelengths (Wein’s Law).

Our atmosphere is not completely transparent at these wavelengths,
because the greenhouse gasses, CO2, CH4, H2O, NO, and the
chlorofluorocarbons, absorb infrared light.

The most efficient radiator is the blackbody; Earth is not a blackbody,
and hence cools less efficiently. It must therefore warm up to radiate as
much energy as the equivalent blackbody.


