Carbon Cycle Activity and Assessment Description

Activity part 1:

Overview:


This is a full-class activity. The classroom is divided into 4 sectors: atmosphere, biosphere, ocean, and lithosphere. Students will be given a card that has two parts to the same story. In part 1, next to a number from 1-30, they are told they are a carbon atom, and that they are in one of the 4 reservoirs mentioned above. They are to self-segregate into that reservoir. The second part of the story is next to a bullet point, and they must decide for themselves which reservoir they, as carbon atoms, now belong in. The instructor should put a symbol on the back of each card corresponding to the reservoir each “carbon atom” (aka student) should find herself in after the second story. 

Recommendations:

· As structured, the reservoir sizes in this activity are not to scale with their real-world counterparts (Figure 1). This distortion was tolerated because it allows students to get a broader idea of the processes that move carbon from one reservoir to another, and because of the challenge of representing reservoir sizes that vary over several orders of magnitude with a class of 30 or so students. We recommend mentioning this distortion at the beginning of the activity. 

· After students have read the first story (next to a number), ask a few students who like their cards to share what their card says. If a story from each reservoir is not covered, you can call on the appropriate number from your teacher's copy of the note cards. 

· Students were tempted to read the entire card, and go to the destination indicated by the bullet point, not the number. 

· When a student did not put himself in the correct reservoir after reading the bullet point (i.e. the second story), we asked them to read their story for the class. The instructors then referred back to the lecture to explain to the whole class the correct reservoir. No points were taken for self-assignment into an incorrect reservoir, as some stories are definitely more confusing than others. This part is useful because it allows for the instructors to identify and address any parts of the lecture that students found confusing. 

Activity part 2:

Overview: 


Part two of the activity flows naturally from part 1. In this activity, the instructor orchestrates the natural exchange of carbon between two reservoirs such that dynamic equilibrium is maintained (i.e. an equal number of “carbon atoms” are exchanged between reservoirs, though not necessarily the same atoms). Each student exchange represents 1 year. Emphasis is placed on the fact that the carbon atoms will be different from year to year, but the size of the reservoirs don't change. 


After a couple of years under dynamic equilibrium, that equilibrium is perturbed by moving a few students from a third reservoir into one of the first two. Students are then asked if they think the same number of students will exchange (the hoped for answer is “no”). Whereas perhaps only 2 carbon atoms exchanged under dynamic equilibrium, now have 3 students from the reservoir receiving the extra carbon exchange with 2 from the other reservoir. Do this for a few “years” until the numbers in the two reservoirs are again approximately equal. Then return to dynamic equilibrium, but point out that both carbon reservoirs now have more carbon than they did before.   

Recommendations:

· It may be useful to explain that flux is a quantity of something moving across a given boundary per unit time. We used the example of a person walking through a door; we walked through a door to the classroom, and explained that the flux of people into that classroom was 1 person per second. This demo seemed to get the point across well. 

· We recommend selecting the ocean and the atmosphere as the first two reservoirs in this activity, and using the lithosphere as the third reservoir from which the slug of carbon is received. Selecting these is a nice analogy to the current situation, as fossil fuels are part of the lithosphere, they are fluxed into the atmosphere, and at equilibrium (which we haven't reached yet since we're still adding fossil fuels) both the atmosphere and the ocean end up with more carbon, increasing the greenhouse effect and causing ocean acidification, respectively. 

· You may wish to eventually have one “carbon atom” flux back to the lithosphere from either the ocean or the atmosphere to emphasize that this process is reversible, but that the natural process is slow. 


Assessment: 


Have the students write a story for a carbon atom. That story must take the carbon atom through all 4 reservoirs. In cycling through the 4 reservoirs, they must specify what process gets them from one reservoir to the next. 
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Figure 1: The Earth's Carbon Cycle. GtC = Gigatons of Carbon. See background document for how this lesson counts each resevoir. From NASA at: http://earthobservatory.nasa.gov/Features/CarbonCycle/carbon_cycle4.php








