Causal Loop Diagrams of Global Warming
It is tempting to think of global warming in simple terms – if we add too much of the greenhouse gases, carbon dioxide (CO2) and methane (CH4) in particular, the average temperature will go up.  But the earth’s climate is a complex system and contains many feedback loops that make the problem more serious and more difficult to understand.  So, to further your understanding of global warming, you need to know something about feedback loops.

A feedback loop that you may be familiar with is the feedback that sometimes happens when a microphone picks up the sound from its speakers.  You have probably heard, perhaps at an assembly, a microphone cause a loud shriek.  What happens is that the microphone picks up the sound from the loudspeaker and amplifies it, causing the loudspeaker to get louder, which causes the microphone to pick up a louder sound, which it then amplifies even louder, and on and on.  This is an example of a reinforcing feedback loop.

CLD #1 There is a visual way to represent the microphone feedback loop.  It is called a Causal Loop Diagram (CLD).
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Here is a Causal Loop Diagram for the microphone feedback.  It includes variables (e.g., “sound into microphone”) and arrows, which tell us about how the variables affect each other.  Your teacher will show you how this CLD describes the same thing as the microphone story above.

Record the “loop story” below:

Check your understanding:  What do the little S’s mean on the arrows?

The key characteristic of reinforcing feedback loops is that they take a small change and make it bigger and bigger over time.  There is another type of feedback called balancing feedback loops.  The example below (CLD #2) should help you see how balancing feedback is different than reinforcing feedback.

CLD #2 An example of a balancing feedback loop is your eating.  When get hungry, you eat.  Eating reduces your hunger.  Here is the CLD for this balancing feedback:
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Question:  What do you think the “o” on the arrow stands for?

_________________________________________

Question:  In your own words, how are balancing feedback loops different than reinforcing feedback loops?

_______________________________________________________

_______________________________________________________

GLOBAL WARMING FEEDBACK LOOPS

When the earth’s temperature climbs, there are many feedback loops that come into play.  If they were all balancing feedback loops, there would be no problem.  (Do you know why?)  Unfortunately, many of the feedback loops involved with global warming are reinforcing.  The rest of this paper will illustrate some of the feedback loops involved with global warming.
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CLD #3 This is an example of reinforcing feedback.  Global warming can cause the grasslands near the north and south poles to become forests.  Grasslands reflect a lot more sunlight than forests do, so moving the forests closer to the poles makes the earth absorb more sunlight.  This would cause even more global warming

Your job is to finish the CLD that has been started for you.  Be sure to label the arrows as “s” or “o” and draw the symbol (R or B) for the type of feedback this is.

Check your loop with another student.

CLD #4 Another reinforcing feedback loop is this:  Global warming can cause certain northern wetlands (called peatlands) to go through a chemical reaction and produce methane gas (CH4).  Since methane is a greenhouse gas, it causes further global warming.

This time, try drawing the CLD on your own.  Hint:  There are only two variables (“methane production” is one of them).  Be sure to label your two arrows (S or O) and use the R symbol for a reinforcing feedback loop.

CLD #5 Global warming causes decreases in soil moisture, which may bring about an increased frequency of natural fires. The burning vegetation would pump even more CO2 into the atmosphere, leading to greater global warming.  Again, you should try this on your own.  No hints this time.

CLD #6 This is a tough one.  Do it on your own paper for extra credit. Global warming raises levels of CO2.  Elevated concentrations of CO2 have been shown to cause stunted plant transpiration, the process by which plants release water to the atmosphere. Transpiration normally acts to cool the surface; thus, the result could be even higher regional temperatures at the surface.
CLD #7 This time you get the causal loop diagram and learn to work backward to tell the “loop story.”  
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Start at the top:  If Global warming increases, then CO2 stored in soil increases (we know because the “s” on the arrow means the change is in the same direction).  More CO2 in the soil means less nitrogen in soil available for plants to use (did you notice the “o”?).  Less nitrogen means less plant growth (same direction of change).  Less plant growth means more CO2 in the air, which leads to _______ global warming.

CLD #8 You finish the story:
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An increase in global warming leads to an increase in the temperature of ocean water, which leads to a decrease in CO2 dissolved in oceans, which leads to…

CLD #9 You tell the story:


CLD #10 Why do you think it is important to understand how feedback works in ecosystems?  Give examples from these feedback loops to support your conclusion.  Write a one-paragraph answer on your own paper and staple it to this.
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