Climate Change Lesson #2:
Case Study of Local Trends in the Carbon Cycle

Dr. Charles Keeling measured background atmospheric carbon dioxide (CO2) from Mauna Loa Observatory in Hawaii beginning in 1958. Since his death in 2005 the measurements have been continued under the supervision of his son, Ralph Keeling. The Keeling Curve shows the increasing trend of carbon dioxide in the atmosphere, as well as the seasonal cycle of CO2 in the Northern Hemisphere.  The seasonal cycle is due to the increase and decrease of photosynthetic plants that use carbon dioxide.  Since carbon dioxide is a powerful greenhouse gas, the overall increasing trend is very alarming and has sparked much debate about global climate change. 

When ocean phytoplankton bloom, they also use carbon dioxide from the atmosphere for photosynthesis, just as land plants do. The gas is carried to the ocean floor as a carbon form when the tiny plants die. This enables atmospheric carbon to get into the deep ocean.  Scientists are still trying to determine how much carbon dioxide might be removed from such a process to counter the increases noted by Keeling. Phytoplankton blooms can be measured from space by chlorophyll content, or a discoloration of surface water. 

Phytoplankton blooms can naturally increase with more available carbon dioxide, but may also increase when other nutrients drain into bodies of water from anthropogenic activities such as agricultural runoff, industrial runoff and other human waste influences. Obviously, these toxic blooms are harmful to local watersheds. While the blooms will temporarily raise dissolved oxygen levels in the water during the daytime when sunlight is available, at nighttime when the phytoplankton die, there is a sharp decrease in dissolved oxygen. These swings result in large kills of local aquatic wildlife.

Before answering these questions, consider what you know about the carbon cycle and what you know about plants, chlorophyll and carbon dioxide.

The carbon cycle moves carbon around between plants, animals, the air, and the earth.  People and animals breathe out carbon dioxide into the air.  Plants get the carbon dioxide from the air and use it for energy to live.  People and animals eat the plants for energy.  And then they breathe more carbon dioxide into the air, starting the cycle again.  When levels of carbon dioxide change, the entire cycle can be affected.

Plants use chlorophyll to convert the sun’s light into energy.  All green plants contain chlorophyll.   The more plants there are in an area, the more chlorophyll there will be.  Also, the more plants there are, the LOWER the carbon dioxide levels should be, because the plants absorb it.  If data does not support this, then there may be something else to look at.
1. What is the Keeling Curve?

2. Why do carbon dioxide levels change seasonally?

3. How do scientists measure phytoplankton blooms?

4. Why would scientists measure phytoplankton blooms if they are studying carbon dioxide?

5. Why are phytoplankton blooms bad for water ecosystems? 
6. Please describe the carbon cycle.  Why are carbon dioxide and photosynthetic plants important in the carbon cycle?

7. Why are high levels of carbon dioxide potentially bad for animals?

8. Why are high levels of carbon dioxide potentially bad for people?
9. This graph shows carbon dioxide levels over a period of 8 years.   Draw a line of best fit.  Are carbon dioxide levels increasing, decreasing, or staying the same over time?
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10. This graph shows how much chlorophyll was in the Maumee River watershed that empties into Lake Erie from Ohio over a period of 8 years.  Draw a line of best fit.  Is the chlorophyll level increasing, decreasing, or staying the same?
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11. This graph shows how chlorophyll levels and carbon dioxide levels have changed over the same 8-year period around the Maumee watershed.  Draw a line of best fit.  Is there a relationship between chlorophyll and carbon dioxide levels?  What is that relationship?  
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12. What function family best represents the graph in number 9?

13. What explanation is there for the relationship you described in question 9?  Think about the information in the reading about chlorophyll and carbon dioxide.  Also think about the types of business and industry that is around Lake Erie.
14. What other factors could have an impact on the results?  What are other reasons there might be higher levels or chlorophyll or carbon dioxide in water?

15. Write a sentence that describes how global climate change relates to what is happening around Lake Erie.

