
ESE 101: Homework 1 solutions

1. Greenhouse effect. (10 pts) We can count the number of layers from
bottom up or top down. I found the top-down approach easier, so that
the n-th layer corresponds to the bottom most layer adjacent to the
surface, with temperature Tn.
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For the i-th layer (1 < i <= n) with temperature Ti, the energy
balance is:
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where Tn+1 = Ts. For the surface,
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Summing up all the equations gives us the top of the atmosphere
(TOA) energy balance:
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(b) (3 pts) We can deduce the energy balance layer by layer, by plug-
ging in the TOA equation to get rid of unknown variables,
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Note: if you use the bottom-up approach, and make layer-1 right
above the surface,
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For the surface,

σT 4
s = (n+ 1)

(1 − α)S0

4

Ts = [
(n+ 1)(1 − α)S0

4σ
]
1
4

1



T1 is the effective temperature, thus T1 = Te = 255 K. We can
rewrite surface temperature as a function of Te,
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1
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For n = 1, Ts = 303 K; n = 2, Ts = 335 K; n = 3, Ts = 360 K.

(c) (2pts) The temperature at TOA does not depend on n, but only
the incoming solar radiative flux. This is because at radiative
equilibrium, the incoming energy flux (solar) must equal to the
outgoing (longwave at TOA). The surface temperature depends
on n. The more atmospheric layers there are, the warmer the
surface will be, thus the stronger greenhouse effect.

(d) (2pts) Though the atmosphere near the surface is physically thin,
it can be optically thick to longwave radiation because of the
higher density. If we look at the energy balance for the surface,
Tn has to be smaller than Ts because of the solar radiative flux
term. In another word, the air above the surface is transparent to
solar radiation, but the surface can absorb solar radiation. This
temperature discontinuity drives turbulent heat fluxes that mix
the planetary boundary layer.

2. (5 pts)

(a) (1 pt) The total solar irradiance at Jupiter is

SJupiter =
L0
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= 50.4 W m−2

(b) (2 pts) At equilibrium, this balance should hold:
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Plug in the numbers and we can get Te = 110 K.

(c) (2 pts) The longwave radiation of the actual effective temperature
is balanced by the sum of solar radiation and internal energy flux:
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We can solve for Finternal. Finternal = 5.6 W m−2.

2


