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CHEM 304

SPRING 2009
HW/Learning Goals #7: Climate: Radiation balance & Greenhouse Gases
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1. Sketch a plot with 3 blackbody radiation curves (relative emission energy/power vs. wavelength),
one each for 300K, 2000K, and 6000K (assuming each body is the same size (mass)). These are just
sketches, but try to make the features correct (peak wavelength as well as “breadth” of the
distribution). Calculate the peak wavelengths (I gave a simple formula in class) and label them on
the plot. : :
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2. The questions below pertain to the equation below that we derived in class on the basis of a
steady-state radiation balance. This enables one to calculate the effective radiation temperature of an
“atmosphereless” planet.
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a. What two “inputs” in the equation above c@ct global climate? Do you suppose that either

of these could these be altered by human acti ?

b. Given that the “solar constant” (F,) for Earth is 1380 W/m?, and the “albedo” is 0.29,
calculate late effective temperature for earth. If the true average T for earth is 288K, what is the
value of Earth’s greenhouse warming?

gr c. Assume that the output of the sun varies by +0.3% (most stars periodically vary by about that
' much, the sun is apparently bit steadier: ~+0.1%), and calculate the range (i.e. lowest to highest
or vice versa) of effective temperatures that would result from this much variation in the solar
constant.

d. True or False: Venus is hotter than Earth because it is closer to the sun and its solar constant
(F,) is much larger. Explain your answer. '

e. The actual temperature of Mars compares rather favorably to the “effective” value (i.e.
calculated using the equation above). What does this imply about the Martian atmosphere (did
you see Total Recall)?

3. Using the diagram showing overall radiation balance, discern the following:

i) The percentage of the total radiation absorbed by the atmosphere from:
a) The Earth’s surface. b) The Sun.

ii) The percentage of the total radiation absorbed by the Earth’s surface from:
a) The atmosphere. : b) The Sun.

- iii) What is the implication of this consideration?

Q/ 4. Which of the following are potential greenhouse gases (i.e. can absorb (and emit))IR radiation:
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. What are the 2 key features of a substance that will act as a “greenhouse gas™?

. List the five major greenhouse gases (one is a class of substances) and list their main sources and

sinks. sy NJATUMC + ANTIRE |

. Write balanced reactions that correspond to the following processes in the carbon cycle

(assuming that all biological carbohydrate-based material is glucose).

respiration

photosynthesis

uptake (by oceans etc.)

(wet) deposition

(dry) deposition

fossil fuel combustion (e.g. for octane).
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. a) How much CO, (in gr C) is emitted annually by fossil fuel combustion?

b) What percentage of this total is from the US? (BTW: 5% of global population is US)
¢) How does this compare (by percentage) to the total from terrestrial respiration?

. @) Define the term Global Warming Potential.

b) By default, what is the GWP for CO,?

c¢) Why is the GWP of CH, larger than that for CO,?
d) Why does the GWP of CH, decrease with time?
e) Why is the GWP of CF, larger than that for CO,?
f) Why does the GWP of CF, increase with time?
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