Environmental Physics -Problem sheet 2
16 February 2006 
1. Show that the energy received by the Earth per unit time is 
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by using direct two dimensional integration of the solar flux on the sphere (
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being the solar constant and 
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the Earth radius). How does this compare with the energy production required to match the growing world population demand in energy (about 20 TW by 2050)?
2. Using the “Moon model”, calculate the emission temperature of the Earth if (i) the solar constant is 30% less, as it is hypothesized to have been early in Solar system history. Use today’s planetary albedo (
[image: image4.wmf]3

.

0

=

P

a

) and assume the same Earth Sun distance. How can it be that the surface temperature was then much greater than today’s? (ii) it was an aquaplanet (i.e. a water world) knowing that the albedo of oceanic areas is about 0.1.

3. Using the “Blanket model”, calculate the surface temperature if solar energy is absorbed in the atmosphere, rather than at the surface. Compare this prediction with that of the “Moon” model. What does it teach you about the greenhouse effect?
4. Compute the lapse-rate if (i) Ts=303K (ii) Ts=288K, assuming a linear temperature profile with T=TE=255K at z=5km for both (i) and (ii). Which one is the most likely to be unstable to vertical displacements?
5. Compute the change in surface enthalpy flux F if the solar constant is increased by 10%. Assume the (unchanged) standard values 
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6. Compute the value of the absorption coefficient 
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 of an hypothetical atmosphere of optical depth 
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, mass mixing ratio of absorber 
[image: image8.wmf]%

1

=

A

M

 and total mass per unit area of 
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. Hint: assume that the absorber is uniformly mixed within the atmosphere.

7. The full calculation of the upward and downward radiation emitted by an isothermal atmosphere at temperature 
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  (upward radiation at top-of-the atmosphere)
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                   (downward radiation at surface)

Introducing a “bulk emissivity” 
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 (i) write the energy balance at the surface and at “the top-of-the atmosphere” (ii) show, using (i), that the intensity of the Greenhouse effect 
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 varies according to 
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. Sketch the latter and recover the “Moon” and “Blanket” models as special cases of this formula.
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