Supplemental Systems Thinking Exercise for Activity 2
Bathtub Dynamics and Climate Change Presentation: Teacher Notes
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	In this exercise, we will be working with a system that is very familiar to all of us: a bathtub. A bathtub may not seem like a complex system, but it can teach us a lot about how complex systems behave. This exercise will also show us that we have much to learn, even about systems that we use often (like bathtubs).

[If you want to start by having your students attempt the actual challenge from Booth Sweeney and Sterman, then stop here and have students do their best with the fourth set of graphs on the student page.]
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	To understand our bathtub system, we need to discuss a few fundamental systems concepts. A stock is a collection of something. For example, a swimming pool contains a stock of water. A flow is the transfer of something (e.g., water) into (inflow) or out of (outflow) a stock. In our bathtub system, the stock of water is the water that is stored in the bathtub. The inflow is the water coming out of the faucet. We can set this inflow to whatever rate we choose by adjusting the faucet valve. And the outflow is the water going out through the drain. In this case, we’ll assume we have a pump hooked up to the drain so that we can set the outflow just like we can set the inflow.
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	The change in a stock over time is called the net flow, which can be calculated using this equation:


Net flow = Inflow – Outflow

So, if water was flowing in through the faucet at a rate of 5 gallons per minute and out through the drain at a rate of 3 gallons per minute, then our net flow would be +2 gallons per minute (5 gallons/minute – 3 gallons/minute = 2 gallons/minute).

Since the number is positive, the amount of water in the tub is increasing at a rate of 2 gallons per minute, and eventually water would spill over the edge.
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	If the inflow was only 1 gallon per minute and the outflow was still 3 gallons per minute, then our net flow would be -2 gallons per minute (1 gallon/minute – 3 gallon/minute = -2 gallon/min). Since this is a negative number, the amount of water in the tub would decrease by 2 gallons every minute at these flow rates, and eventually the tub would be empty. 

Now we will use the concepts of stocks and flows to predict how the bathtub system will behave with various inflow and outflow settings.

[Pass out the student pages and have students work through the four graphs.]
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	What does a bathtub have to do with climate change? We can consider this bathtub to be a simplified version of the atmospheric system: the flow from the faucet represents greenhouse gas emissions going into the atmosphere (e.g., from burning fossil fuels and deforestation); the outflow at the drain represents processes that draw greenhouse gases out of the atmosphere (e.g., afforestation and ocean mixing); and the water in the tub represents the stock of greenhouse gases in the atmosphere.
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	This image, produced by the Intergovernmental Panel on Climate Change in 2007, shows a more detailed version of the same system. The stocks are shown as rectangular blocks. The bathtub stock of atmospheric carbon is shown as the flat, light blue box toward the top of the image. 

For our purposes, look at the arrows going into and out of that atmospheric stock. (Note that the red arrows indicate flows due to human actions.) The bathtub faucet in our simple model is the sum of all the arrows pointing upward (into the atmospheric carbon stock, or inflow). The bathtub drain is the sum of the arrows pointing downward out of the atmospheric carbon stock, the outflow.

The key lesson to remember from this is that there are two ways to reduce the amount of water in the bathtub: You can decrease the flow from the faucet AND you can increase the flow out of the drain. 

Addressing climate change should include these same two options, and successfully mitigating the impacts of climate change will require actions within both sides of the system. On the one hand, we can decrease fossil fuel emissions and greenhouse gases resulting from deforestation. On the other hand, we can increase the outflow of carbon from the atmosphere by growing more forests that will help store carbon and keep it out of the atmosphere. Other technologies, like carbon storage, could help too—which side of the system would that affect? (Collecting carbon at the point of emission would decrease inflow.) 
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