Absorption by atmospheric gases of incoming and outgoing radiation
Goals:

· Estimate the absorption by Earth’s atmosphere of both incoming and outgoing radiation

· Contrast atmospheric constituents based on their absorption spectra

· Identify greenhouse and non-greenhouse gases based on their absorption spectra

· Estimate Earth’s surface temperature from satellite data
Pre-class preparation:

Photocopy the worksheets.  Keep separate piles of each of the following:

1. Activity 1, group 1 (one per individual, for 1/3 of the class)

2. Activity 1, group 2, (one per individual, for 1/3 of the class)

3. Activity 1, group 3 (one per individual, for 1/3 of the class)

4. Activity 2, part 1 (one per group of 3 students)

5. Activity 2, part 2 (one per group of 3 students)
Divide class into groups of 3 people (multiples of groups are fine).  Each group initially examines data from one part of the electromagnetic spectrum that is relevant for Earth’s climate.

Group 1:  Short-wave radiation (0.1-3 microns wavelength)

Group 2:  Infrared radiation (3-12 microns wavelength)

Group 3:  More infrared radiation (12-40 microns wavelength)

Activity 1: (This activity will take about 45 minutes)
1. Hand out the worksheets for Activity 1 to each of the three groups.

2. Each group completes the worksheet together.  Each individual completes a copy of the page with the 8 panels of spectra to take with them to the next group.
Next, re-divide the class into XX groups of 3 people, with at least one individual from each of the “short-wave” “infrared” and  “more infrared” groups.  Extra people are OK, but all 3 parts of the spectrum should be represented in each new group.  

Activity 2: (This activity will take about 45 minutes)
1. Hand out the worksheet for Activity 2.

2. Groups complete the worksheet together.  
3. Have groups simultaneously report:

a. Their top-ranked greenhouse gas, for today’s atmosphere on Earth (last ranking they do)

b. Their wavelength range for the atmospheric window

c. Their estimate of Earth’s surface temperature
Assessment: 

See suggested assessment file.

Activity 1, Group 1 (0.1-3 microns):

On the following page are plots showing 

(1) a blackbody approximation of solar radiation received at the top of Earth’s atmosphere, in the UV-visible-infrared wavelength range of 0.1 to 3 microns, 

(2) absorption by seven different atmospheric gases in this wavelength range.  Absorption values range from zero (no absorption at that wavelength by that gas) to one (all radiation at that wavelength gets absorbed by that gas).  
Questions:

1. On the top panel, draw what you think the solar radiation spectrum would look like (from 0.1-3 microns) after passing through an atmosphere with all these gases (N2, O2, H2O, CO2, N2O, CH4, O3).  Label appropriately.  

2. Estimate the total percentage of the solar radiation in this wavelength range (0.1-3 microns) that gets absorbed by gases in the atmosphere.  Describe how you made this estimate, including any assumptions you made.  







3. Based on the information you have, rank these seven gases from “absorbs the most” to “absorbs the least” solar radiation in your part of the spectrum (0.1-3 microns). Explain your reasoning. 







4. Brainstorm and list any reasons you can think of that your ranking might be wrong.  What additional information would you need to be more confident in your ranking?







5. The spectrum of radiation emitted by the Sun is a function of the Sun’s temperature.  If you had an instrument here on Earth’s surface that measures radiation and you wanted to figure out the Sun’s surface temperature by measuring part of the radiation spectrum coming in to Earth’s surface (between 0.1 and 3 microns), what wavelengths would you measure?  Explain your reasoning.  
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Activity 1, Group 2 (3-12 microns):

On the following page are plots showing 

(1) radiation emitted by a blackbody the same average temperature as the Earth’s surface, in the infrared wavelength range of 3 to 12 microns, 
(2) absorption by seven different atmospheric gases in this wavelength range.  Absorption values range from zero (no absorption at that wavelength by that gas) to one (all radiation at that wavelength gets absorbed by that gas).  
Questions:

1. On the top panel, draw what you think the Earth’s radiation spectrum would look like (from 3-12 microns) after passing through an atmosphere with all these gases (N2, O2, H2O, CO2, N2O, CH4, O3).  Label appropriately.  

2. Estimate the total percentage of the radiation emitted by Earth’s surface in this wavelength range (3-12 microns) that gets absorbed by gases in the atmosphere.  Describe how you made this estimate, including any assumptions you made. 







3. Based on the information you have, rank these seven gases from “absorbs the most” to “absorbs the least” Earth radiation in your part of the spectrum (3-12 microns).  Explain your reasoning. 







4. Brainstorm and list any reasons you can think of that your ranking might be wrong.  What additional information would you need to be more confident in your ranking?







5. The spectrum of radiation emitted by Earth is a function of Earth’s temperature.  If you had a satellite orbiting Earth at the top of the atmosphere that measures radiation and you wanted to figure out Earth’s surface temperature by measuring part of the radiation spectrum coming off Earth’s surface (between 3 and 12 microns), what wavelengths would you measure?  Explain your reasoning.  
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Activity 1, Group 3 (12-40 microns):

On the following page are plots showing 

(1) radiation emitted by a blackbody the same average temperature as the Earth’s surface, in the infrared wavelength range of 12 to 40 microns, 
(2) absorption by seven different atmospheric gases in this wavelength range.  Absorption values range from zero (no absorption at that wavelength by that gas) to one (all radiation at that wavelength gets absorbed by that gas).  
Questions:

1. On the top panel, draw what you think the Earth’s radiation spectrum would look like (from 12-40 microns) after passing through an atmosphere with all these gases (N2, O2, H2O, CO2, N2O, CH4, O3).  Label appropriately.  

2. Estimate the total percentage of the radiation emitted by Earth’s surface in this wavelength range (12-40 microns) that gets absorbed by gases in the atmosphere.  Describe how you made this estimate, including any assumptions you made. 







3. Based on the information you have, rank these seven gases from “absorbs the most” to “absorbs the least” Earth radiation in your part of the spectrum (12-40 microns). Explain your reasoning. 







4. Brainstorm and list any reasons you can think of that your ranking might be wrong.  What additional information would you need to be more confident in your ranking?







5. The spectrum of radiation emitted by Earth is a function of Earth’s temperature.  If you had a satellite orbiting Earth at the top of the atmosphere that measures radiation and you wanted to figure out Earth’s surface temperature by measuring part of the radiation spectrum coming off Earth’s surface (between 12 and 40 microns), what wavelengths would you measure?  Explain your reasoning.  
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Activity 2, groups with representatives from the 3 parts of the spectrum. 
You should have at least one person from:

(1) 0.1-3 microns        (2) 3-12 microns        (3) 12-40 microns

To do, Part 1: 

1. Line up your three worksheets (folding might help) and examine each gas’ absorption spectrum across all these wavelengths.
2. Explain to your group what considerations you (and your previous group) used to draw on the top panel of your worksheet.  If you have discrepancies among the groups’ approaches, figure out a common approach and make any needed changes on your worksheet.  

Questions, Part 1:

1. Based on the MORE COMPLETE information you now have, rank these seven gases from “absorbs the most” to “absorbs the least” Earth radiation.





2. Compare this list to each of the original lists from the 3-12 micron group and the 12-40 micron group.  Write down any discrepancies here, and explain why you think there are discrepancies.  






3. Compare your new list of absorbers of Earth radiation to the list of absorbers of solar radiation from the 0.1-3 micron group.  What’s the same about these lists?  What’s different?  





4. Based on the information you have, which of these seven atmospheric gases are greenhouse gases?  Which are NOT greenhouse gases?


5. Based on the MORE COMPLETE information you now have, repeat the last question from the first activity, which is:  The spectrum of radiation emitted by Earth is a function of Earth’s temperature.  If you had a satellite orbiting Earth at the top of the atmosphere that measures radiation and you wanted to figure out Earth’s surface temperature by measuring part of the radiation spectrum coming off its surface, what wavelengths would you measure?  Explain your reasoning.  
This is your estimate for the “atmospheric window”.  


To do, Part 2: 

On the following page is a plot showing 

(1) Five smooth curves representing radiation emitted from blackbodies at different temperatures.  There’s one curve for each of 220K, 240K, 260K, 280K, 300K 

(2) The wiggly line is the radiation that would be measured by a satellite at 12 km altitude above Earth’s surface, looking down toward Earth’s surface, for today’s atmospheric composition.  

Questions, Part 2:

1. The satellite curve doesn’t follow any of the blackbody curves.  Why not?  Explain all of the features of the satellite curve that you can.  







2. Based on this new satellite information, rank the greenhouse gases you identified earlier from most to least important in today’s atmosphere.  Explain your reasoning.







3. Based on this plot, estimate Earth’s surface temperature.  Explain how you did it.  
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