
Using climate data in the classroom: Interpreting instrumental CO2 records
Snowmaggedon and global warming
The record-setting snowstorms in Washington DC last year were used by climate skeptics build their case that global warming is a hoax.  Confusion about global warming often results from a lack of scientific understanding about the atmosphere and the Earth system as a whole, including the distinction between weather and climate.  In this week's activity, you'll examine recent carbon dioxide data to continue building your understanding of the atmosphere and recent changes in atmospheric composition.  The goal of this unit is to equip you with the knowledge and skills to draw your own conclusion – is global warming real?
Activity objectives: 

Download and graph real atmospheric data.

Interpret CO2 data, including spatial and temporal trends, and make a prediction about future CO2.

Describe natural climate feedbacks and human activities that influence our ability to predict CO2.

Note: All links to complete this exercise are posted on Blackboard, under "assignments".


Part 1.  Review paleoclimate records

Recall your examination of ice core records.  Before beginning today's activity, (re)answer the following questions:


What is the overall relationship between temperature and CO2 during the past 650,000y? 

What is the range of CO2 (maximum minus minimum), in ppm, during the past 650,000y?

Part 2. Examine latitudinal distribution of CO2 data.

This exercise will allow you to broadly evaluate latitudinal trends in CO2 over time. 

Instructions (for efficiency purposes, read through all instructions before you begin):

1. Visit: http://www.esrl.noaa.gov/gmd/ccgg/iadv/
2. The default station will be Mauna Loa, though you will be examining data across latitudes so it doesn't matter where you start.  Choose the "latitude distribution" for CO2, and click "submit".

3.  First, get your bearings:

What is shown on the x axis?  (Note that there is a top and bottom x axis.)


What is shown on the y axis? (Be sure to note the units of measure.)


You will see data points as blue circles and red crosses.  Why are two different symbols used?


What month and year does the time series begin?

4. View and interpret the time series: Begin the time series by pressing "play" – you can control the speed of the visualization by changing the number of frames per second.  Keep an eye on the month and year in the upper right corner to answer the following:

Data interpretation:
Describe the changes that you observe.  Be sure to note changes within a single year (month to month changes) as well as the overall trend during the length of the record.


Compare the trends in the northern and southern hemispheres.  How are they similar, and how are they different?  Develop a hypothesis to explain any differences, and come up with a way to test your hypothesis (e.g., identify data that would help address your hypothesis).  You may discuss ideas with your peers, but please submit your own description.

Part 3.  Examine recent CO2 data from a single location
You will work in teams (2-3 students) to examine atmospheric data from a single monitoring location, which will be assigned (stations include Point Barrow, La Jolla, Baja California Sur, Cape Kumukahi, Mauna Loa, Christmas Island, American Samoa, Kermadec Islands, Baring Head, Alert).
Instructions:

1. Visit http://cdiac.ornl.gov/trends/co2/sio-keel.html
2. Click on your assigned station, and view the 'digital data' link to access the CO2 record.
3.  Get your bearings:


What does each row and column represent?

4. Copy the data into a spreadsheet, and graph the annual average of CO2 over time.  (Refer to your "Excel helpful hints" handout for detailed instructions if you cannot recall how to do this.) 

Checklist: 

Does your graph have an informative title (e.g., location of the record)?

Are your axes labeled, and can you read the titles?  Did you include units of measure?

Interpretation: 

1. Does your graph look similar to the one included on the website? (Click the 'back' button on your browser, and click on "graphics" to view the entire CO2 record for your location.)  What similarities and/or differences do you notice?

2. What is the length (in years) of the CO2 record at your location?

3. What was the beginning CO2 level, and what is the most recent level?  
4. How much has CO2 changed?  Has it increased or decreased?  
5. How does the current CO2 concentration compare with the natural range in CO2 that you observed in the ice core records (refer back to part 1 of this activity)?
6. Add a trendline to your graph and display the equation of the line.  What is the overall rate of change (the slope of the line)?  Be sure to include your units.
7.  List possible reasons for the trend that you observe.  There are several links on this website that may help you generate ideas.

8.  Based on the rate that you determined in #6, what do you expect CO2 levels to be in 2050?  
9.  Do you think temperatures will decrease, increase, or remain the same as a result of your CO2 prediction?  Briefly explain your reasoning.
10.  Each group will make a brief presentation about their findings.

To be completed outside class time:  
Reflect on whether or not you think your CO2 projection is realistic by considering the following:
First, look at your trendline again.  How well does it fit recent data?
What assumptions do you need to make to project CO2 and temperature into the future?  How valid are those assumptions?  To receive full credit for this question, you must consider at least one feedback in the climate system and one human activity, and discuss how each would influence your prediction.

After completing this activity, reflect on your current understanding of the greenhouse effect and global warming.  What scientific evidence did this activity present related to global warming?   Are there other data that you would examine in order to answer the question, "is global warming real?"  Considering your results from this activity and other concepts we've discussed in class, what would you say to someone who cites record snowfall in DC as evidence that global warming is not real?
