
Assessment ideas for Planetary Energy Balance Activity

1. Using the simplified diagram below, choose the answer that best characterizes how radiation interactions at the location labeled “I.”
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A. Absorption of solar radiation

B. Transmission of solar radiation

C. Reflection of solar radiation
D. Scattering of solar radiation
E. Emission of solar radiation

2. Choose the answer below that best characterizes how radiation interacts at location labeled "VI."
A. Absorption of solar radiation

B. Transmission of solar radiation

C. Reflection of solar radiation

D. Scattering of solar radiation

E. Emission of solar radiation

3. Choose the answer below that best characterizes how radiation interacts at location labeled "II."
A. Absorption of solar radiation

B. Transmission of solar radiation

C. Reflection of solar radiation

D. Scattering of solar radiation

E. Emission of solar radiation

4. Choose the answer below that best characterizes how radiation interacts at location labeled "III."
A. Absorption of infrared radiation

B. Transmission of infrared radiation

C. Reflection of infrared radiation

D. Scattering of infrared radiation

E. Emission of infrared radiation

5. Choose the answer below that best characterizes how radiation interacts at location labeled "IV."
A. Absorption of infrared radiation

B. Transmission of infrared radiation

C. Reflection of infrared radiation

D. Scattering of infrared radiation

E. Emission of infrared radiation

6. Choose the answer below that best characterizes how radiation interacts at location labeled "V."
A. Absorption of infrared radiation

B. Transmission of infrared radiation

C. Reflection of infrared radiation

D. Scattering of infrared radiation

E. Emission of infrared radiation

7. If an object initially absorbs radiative energy faster than it emits radiative energy, what fundamental property of the object must change?
8. Explain how the greenhouse effect works (open-ended.  Would be useful to create a rubric for this question)
9. Using this simplified diagram (below) illustrating greenhouse warming for some spinning planet  and knowing that:
    its solar constant is 4000 W/m2    
    its albedo is 40%
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What is the average flux of solar radiation reaching the top of planet P’s atmosphere (Fin)?

a. 4000 W/m2
b. 2000 W/m2
c. 1000 W/m2
d. 500 W/m2
e. 250 W/m2
10. Same planet.  What is the flux of solar radiation absorbed by planet P (Fabs)?

f. 2400 W/m2
g. 2000 W/m2
h. 1200 W/m2
i. 600 W/m2
j. 400 W/m2

11. Same planet.  What is the flux of infrared radiation emitted by the surface of planet P (IRsurf)?

k. 2400 W/m2
l. 2000 W/m2
m. 1200 W/m2
n. 600 W/m2
o. 400 W/m2

(Note:  The three questions above assume that 50% of the radiation from GHGs goes up and 50% goes down.  This simplification may be confusing.  To clarify, one could add a % up or a % down value)
12. Imagine a scenario in which the concentrations of greenhouse gases in the atmosphere decreased a lot.  Qualitatively, what would happen to each of the following (increase, decrease, or stay the same)?
a. The temperature of Earth’s surface

b. The amount of radiation emitted by Earth’s surface

c. The temperature of the atmosphere

d. The amount of radiation emitted by Earth’s atmosphere

e. The amount of radiation emitted from the top of the atmosphere back to space

13. By increasing the amount of greenhouse gases in the atmosphere, less infrared radiation from the sun reaches Earth’s surface while other wavelengths of solar radiation reaching Earth’s surface remain essentially the same.  How, then, do the additional greenhouse gases warm Earth’s surface?

Overarching Goal: EXPLAIN how the greenhouse effect works based on properties of atmospheric constituents and budget balancing.
    A correct response would include words along the lines of: "Surface and atmospheric budgets are close to balanced. The surface has two energy sources (1) Sun, (2) Longwave IR from the atmosphere. The Earth's surface has to get rid of same amount of energy as it absorbs. S-B says it has to be a certain temperature to emit this much. [Same principle for balancing budget in atm]. If the amount of greenhouse gases in atmosphere changes, the atmosphere will absorb more/less energy, thus changing the amount the atmosphere has to emit, which changes the amount the Earth's surface absorbs from atmosphere, which in turn changes the amount Earth has to emit, and thus the Earth's temperature changes."
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