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Pre-Lab #3:  HOW CAN MODELS BE USED TO STUDY CLIMATE CHANGE?

Throughout this class we have been both using and developing models.  We used a computer simulation of gases to explore the behavior of gases.  We have also been developing a conceptual model of matter that invokes the idea of small particles.  We have been making our model ever more sophisticated by adding ideas about motion of the particles, space between them and attractions between them.  In this lab we will take a brief respite from small particle explanations and focus on developing a model for a different purpose – studying climate change.  Although the topic of study is different from the previous labs and ICAs, this lab will build onto our general ideas about how models are developed and used in science.

A mathematical model is an equation that is used to calculate the value of one variable from others.  A climate model is a mathematical model that can be used to calculate variables that determine the Earth’s climate, like temperature, from other variables, like radiation from the sun, reflectivity of the Earth’s surface, and concentrations of gases in the atmosphere.  Climate models are used to explain the Earth’s recent and current climate and predict what it will be like in the future.  In this activity, you will try to develop a simple climate model for predicting the Earth’s current temperature and for predicting its future temperature.
To build a climate model scientists consider the physical laws of nature, like conservation of mass and energy, but also look at data collected for variables that may affect climate, like radiation from the sun and concentrations of gases is the atmosphere.  In order to determine whether or not variables are related, scientists use statistics.  In this activity, you will also be introduced to some basic ideas in statistics.
Please read the article on using paleoclimatic (prehistoric) data to understand climate change at the following URL.  The article compares temperature and CO2 concentration data from the 800,000 year long record from the EPICA ice core with similar data from the post-1850 historic record.  [NOTE: Please DO NOT view the embedded video until directed to do so below. Also the GLOSSARY is very useful.]
http://news.bbc.co.uk/2/hi/in_depth/sci_tech/2009/copenhagen/8393855.stm
The ice core data discussed in this article can be downloaded as an Excel file and analyzed by anyone.  The ability to look at scientific data independently and come up with your own explanations is a vital part of the scientific process.  

Initial ideas

The CO2 and temperature data collected from a different ice core (the Vostok ice core from Antarctica) covering the last 420,000 years are plotted below.  The data from the EPICA ice core are very similar.  Look carefully at the graph and try to come to your own conclusions about any relationships between CO2 concentration and temperature.  Answer each question below.
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Source: Climate and Atmospheric History of the past 420,000 years from the Vostok Ice Core, Antarctica, by Petit J.R., Jouzel J., Raynaud D., Barkov N.I., Barnola J.M., Basile I., Bender M., Chappellaz J., Davis J. Delaygue G., Delmotte M. Kotlyakov V.M., Legrand M., Lipenkov V.M., Lorius C., Pépin L., Ritz C., Saltzman E., Stievenard M., Nature, 3 June 1999

1. How would you describe the relationship between temperature (blue line corresponding to the y-axis on the right) and CO2 concentration (red line corresponding to the y-axis on the left)?

2. Which variable seems to change first?  How do you know?  [NOTE: Keep in mind that the X-axis is years before present, so data from older ice layers in to the left.]

3. Does this graph allow you to determine which variable is causing the change in the other (what scientists refer to as causality)?  Why or why not?
4. Is it possible that some other variable besides temperature and CO2 concentration is causing the change in both these variables concurrently?  Explain.

5. Taking into account your responses above, propose at least two different causes for the variations of CO2 and temperature in the ice core data.
6. Review Myths 4, 5 & 7 from “The 10 Myths of Science” article.  What role do falsifiability and “the problem with induction” play in determining a causal relationship between two variables (e.g. a change in one variable causes another variable to change)?
Read the piece about types of scientific studies at the following URL:  http://undsci.berkeley.edu/article/0_0_0/howscienceworks_08.  Also review your responses to pp. 69 and 70 in lab 1. 

7. How is an experiment different from an observational or field study?  Be as specific as possible.

8. Experiments are the best method for determining causal relationships between variables.  Why is this?

9. Does the ice core data above represent an experimental study?  Why or why not?

At the beginning of lab, the instructor will lead a short discussion about some of these questions.  Be prepared to contribute, and take notes below.

Lab #3:  HOW CAN MODELS BE USED TO STUDY CLIMATE CHANGE?

In your interpretation of the Vostok ice core data, you tried to determine a relationship in the data visually.  A more quantitative way to determine the relationship between two variables is to plot one variable against another.  A plot of Temperature vs. CO2 concentration data for the past 800,000 years from the EPICA ice core is shown below.  Both the Vostok and the EPICA ice core data (as well as data from other ice cores) show that temperature changes before CO2 concentration during recent prehistoric episodes of global warming, a conclusion that has been supported by numerous scientific investigations (e.g. Caillon and others, 20031).  Therefore, we will assume, for the moment, that temperature is the independent (manipulated) variable (x-axis) and CO2 concentration is the dependent (responding) variable (y-axis).  The puzzle is not so simple as we will see.
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1. How would you describe the relationship between temperature and CO2 concentration (e.g. direct, inverse, no relationship)?

We will now see how the relationship you identified above can be expressed quantitatively.  Scientist’s use a statistical method called linear regression to calculate the straight line that best reflects the relationship between two variables.  Recall that we did this by eye-balling our plot of # of Collisions vs. Gas Pressure in Lab #1.  Most spreadsheet programs are capable of performing this calculation.  A linear regression was performed on the EPICA CO2 Concentration vs. Temperature data for the last 800,000 years.  The best-fit line and the equation for it (in the form Y=mX + b) are displayed on the graph below. The R2 value shown below is a measure of how well variable Y is predicted by a particular value of variable X.  An R2 = 1 would mean X perfectly predicts values of Y (i.e. perfect correlation).  R2 provides a measure of how well future outcomes are likely to be predicted by the model.
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2. What variables do X and Y in the linear regression equation represent?  X = ____________; Y = ________________
3. This equation is a numeric model describing how CO2 concentration varied relative to temperature over the past 800,000 years.  What does it allow you to do?  How could it be applied? Record your thoughts below and discuss them with your group.

4. How well correlated are CO2 concentration and temperature?  Discuss the value of R2 in your response (re-read the description above the graph if need be).

5. Can the graph above tell us anything about causal relationships?  Why or why not?  (Recall your reading about experiments from the Prelab).  
6. Can you think of any mechanisms (processes) that would cause CO2 concentration of the atmosphere to increase in response to rising global temperature?  Brainstorm some possibilities with your group and record them below.
7. Your instructor will now perform a short demonstration of exsolution (( exit from solution; i.e. the reverse of dissolution) of CO2 from warm and cold soda.  Using the soda demo as a model, what can you infer about the solubility of CO2 in warm water vs. cold water?  Support your claim below with reasoning. 

[image: image5.emf]As a group, check in with the instructor or a TA.  Do not 

move on to the next investigation until they have initialed here:
_______
Collecting & Interpreting Evidence Part I: Using Simple Climate Models

One important question about global warming is, “How will the Earth system change in the future?”  Climate models, like the very simple one we have developed above, provide the means to answer such questions.  In order to have confidence in the answers, however, scientists must be confident in the ability of the model to make predictions.  To gain confidence in a model, scientists test their models by seeing how well they predict phenomena.  
1. Using the data sheets available in class, test your model by using it to predict a CO2 concentration at three separate times in the past 800,000 years.  Show your work.  Record your results in the table below.  Ignore the shaded column for now.
	Time (years before present)
	Temperature (˚C)
	Calculated CO2 concentration (ppm)
	Measured CO2 concentration (ppm)

	
	
	
	

	
	
	
	

	
	
	
	


2. Check your answers by comparing them to the CO2 concentration reported in the ice core data for the times you chose.  Record the measured data in the shaded column above.

3. How close is your predicted value to the value measured from the EPICA ice core data?  How confident are you in your model for predicting CO2 concentrations over the past 800,000?  Discuss.

4. Now use your model to predict the current CO2 concentration of the Earth.  The Earth’s current average temperature is about 14.5 °C.  Show your work.
5. The average CO2 concentration of the Earth for the month of June 2012 was 395 ppm.  You can check the latest atmospheric CO2 concentration here; http://www.esrl.noaa.gov/gmd/ccgg/trends/.  How well did your model predict the Earth’s current CO2 concentration?
6. The model developed for predicting CO2 concentration from temperature using EPICA data for the past 800,000 years does not accurately predict today’s CO2 concentration of 394 ppm to occur at today’s average global temperature (14.5°C).  This indicates that the relationship between temperature and CO2 concentration must have changed over the last 1000 years.  Is there any relationship between CO2 concentration and temperature today?  How could we determine this?  Once you record some ideas discuss them with your group.
A plot and linear regression of CO2 Concentration vs. Temperature data since 1850 is shown below.  Note that instead of reporting temperature, this graph reports temperature change.  These data were gathered from observatories at Mauna Loa and Antarctica.
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Sources: Temperature Data – Brohan, P., J.J. Kennedy, I. Harris, S.F.B. Tett & P.D. Jones, 2006: Uncertainty estimates in regional & global observed temperature changes: a new dataset from 1850. J. Geophysical Research 111, D12106, doi:10.1029/2005JD006548; CO2 Data – Dr. Pieter Tans, NOAA/ESRL (www.esrl.noaa.gov/gmd/ccgg/trends/) and Dr. Ralph Keeling, Scripps Institution of Oceanography (scrippsco2.ucsd.edu/); and MacFarling Meure, C., D. Etheridge, C. Trudinger, P. Steele, R. Langenfelds, T. van Ommen, A. Smith, and J. Elkins (2006), Law Dome CO2, CH4 and N2O ice core records extended to 2000 years BP, Geophys. Res. Lett., 33, L14810, doi:10.1029/2006GL026152.

7. Note the x-axis is now CO2 concentration and the y-axis is temperature change.  What does this tell us about scientists’ current thinking about the relationship between the two variables?
8. How well correlated are CO2 concentration and temperature change in this data set? Explain.
9. Using the print outs of the historical data that this model is based on, test the mathematical model shown above by seeing how well it predicts temperature changes during three past time periods.  Show your work.  Ignore the shaded column for now.

	Year
	CO2 concentration (ppm)
	Calculated Temperature change (˚C)
	Measured Temperature change (˚C)

	
	
	
	

	
	
	
	

	
	
	
	


10. Check your answers by comparing them to the temperature changes reported in the data for the times you chose.  Record the measured data in the shaded column above.

11. Is this model better or worse at making predictions than our original model on p. 6?  Justify your response below.
12. Use the mathematical model to predict how much the Earth’s temperature would change if the concentration of CO2 in the atmosphere were to reach 500 ppm.  Show your work.

13. However good the climate model (the equation of the line) on p. 10 is at predicting changes in temperature, R2 is still not 1, meaning there is not a perfect correlation between CO2 concentrations and global mean temperature (this is visually represented by the number of data points that are not exactly on the line).  Refer back to FAQ 1.1 in the IPCC report (p. 29 in ICA 1; www.ipcc.ch/pdf/assessment-report/ar4/wg1/ar4-wg1-faqs.pdf).  Using this information, name two other variables that should be included in climate models to better predict global mean temperature. Describe what each variable is and how it affects the Earth’s temperature.

Variable 1:

Variable 2:

As a group, check in with the instructor or a TA.  Do not 

move on to the next activity until they have initialed here:
_______
Collecting & Interpreting Evidence Part II: Using A Computer Climate Model

Go to the following URL, which contains an interactive climate model:  http://www.climate.unibe.ch/jcm/.   

1. What variable is represented on the x-axis in each of the four graphs?  ____________

2. In each quadrant below, report the variable on the y-axis for the corresponding graph. 



3. What does radiative forcing mean?  Refer to FAQ 1.1 from the IPCC report.

4. Hover over the legends for each graph (top right) to get a sense for what the different lines represent.  Then, click on the “complexity” bubble in the top menu and select “simplest.”

5. Click on the “What is this?  How do I use it? item from the menu on the left side of the screen.  Then choose “How to use the model.”  Read the description for how to use the controls.

6. There are two variables you can manipulate in this model; CO2 concentration (black arrows) and temperature sensitivity (red arrows).  What does changing each variable represent in the real world?

       CO2:

Climate sensitivity (climate sensitivity is a property of our planet.  Why are you allowed to change it?):

7. You can only adjust climate sensitivity within a certain range of values.  How do you think the developers of this model came up with these values?

8. What is the lowest level at which you can stabilize CO2 concentration?  ______ ppm. 

9. Leaving CO2 concentration at its lowest possible value, adjust the climate sensitivity to its lowest possible value.  What is the resulting change in the global mean temperature that results?  _____ ˚C.  According to this model, this is the “best case” scenario.  Note the y axis represents change in temperature not actual temperature.
10. How must CO2 emissions (top left) change between now and 2300 in order for atmospheric CO2 concentrations (top right) to stabilize (remain flat) at any level – even the highest?

11. With your group, play around with the model a bit and try to come up with a scenario that would result in the stabilization of the global mean temperature to a change of about 1 ˚C, which is significant where climate is concerned but modest compared to the other possible outcomes.  Describe how fast and by how much we would have to reduce CO2 emissions in order to achieve this result.  Be sure to also report what your chosen value for climate sensitivity was and why you chose this.  Note that you can get a precise readout of the x and y values for any data point when you hover over it with your cursor).

As a group, check in with the instructor or a TA.  

Do not leave lab until they have initialed here:
_______

LAB #3 HOMEWORK

Read the “Understanding & Attributing Climate Change” section (p. 10 to 12) of the IPCC 4th Assessment Report: Summary For Policy Makers (www.ipcc.ch/pdf/assessment-report/ar4/wg1/ar4-wg1-spm.pdf), and answer the following questions.

1. How do scientists describe the probability that observed late 20th-century increases in global average temperature are due to observed increases in anthropogenic greenhouse gases?
2. According to Figure SPM.4, what kind of models do the best job of recreating the temperature changes observed over the last century?
Watch the imbedded video in the BBC article and answer the following question: http://news.bbc.co.uk/2/hi/in_depth/sci_tech/2009/copenhagen/8386319.stm.  To access the video, click on the caption of the image labeled “An animated journey through the Earth’s climate history.”

3. According to the BBC video, what do scientists believe is responsible for the current high levels of CO2 in the atmosphere?  Explain.

The nature of scientific models
1. Sophisticated models are key to climate science, because they allow climate scientists to run experiments.  Below, describe how an experiment can be run on a climate model such as the computer-based climate model we used in lab.  Include your ideas about what an experiment is.

Read FAQ 8.1 from the 2007 IPCC Report: http://www.ipcc.ch/publications_and_data/ar4/wg1/en/faq-8-1.html and answer the questions below.

2. In order for climate scientists to have confidence in predictions using climate models, they must have confidence in the models themselves.  List the three sources of confidence in models that were discussed in the reading above.

First source of confidence:

Second source of confidence:

Third source of confidence:

3. Paraphrase (i.e. describe in your own words; do not quote) the main source of error in most climate models below.

We have been exploring how the development and application of scientific models can be used in gaining scientific understanding (explaining how “the world” works).  This approach requires using an inductive approach, in which experimental results (evidence) are “back mapped” to explanations of those results (theories, or explanatory models).  This approach is often referred to as the scientific method, although as we learned from reading “The Ten Myths of Science”, there is no universal scientific method.  One problem with the inductive approach is the possibility, as we explore to a limited extent above, of there being a “lurking” but important variable that is not considered in the model.  In order to avoid this uncertainty scientists can use the deductive approach, in which logical reasoning is used to “forward map” from an axiom or principle, to the evidence that we should see as a result if the principle is correct.  If the principles correct and correctly applied, everything that follows will also be correct in that context.  Scientific understanding is built through repeated uses of inductive and deductive methods.  Scientists use deductive methods to make predictions, and then inductive methods to test them and build an explanation.  Those explanations become new principles that can begin another deductive process.  The building and use of models, like all other areas of science, make use of both processes iteratively.

4. Look at your responses to #2 on p. 16.  Which of the stated source(s) of confidence in models reflect the deductive approach and which reflect the inductive approach?

Deductive:

Inductive:

5. Let’s look back at a simpler computer model:  The one you used in lab 1 to predict and explain changes in the volume or pressure of gases.  Below, explain two methods for gaining confidence in this model, one using a deductive approach and the other using an inductive approach.

Deductive:

Inductive:

Figure 1.2 from the 2007 IPCC report below summarizes advances in climate model sophistication over the time periods represented in the various IPCC reports (FAR for 1st Assessment Report, SAR for 2nd Assessment Report, TAR for 3rd Assessment Report, AR4 for 4th assessment report). [http://www.ipcc.ch/publications_and_data/ar4/wg1/en/contents.html]

6. Look back at the variables you listed on p. 12.  Do either of them appear in any of the models?  If so, circle it/them in the model(s) in which they first appeared above.

7. Using this figure, identify two variables that have been added to climate models since the mid-1980’s.  These should be different from any you circled above.  Describe how you think each variable would change the model’s predictions – whether it would decrease predictions of global mean temperature or increase them.  Justify your answers. You may want to review FAQ 1.1 from the IPCC report.  

Variable 3:  

Variable 4:
8. Read section 8.8 of the 2007 IPCC Report:  Representing the Global System with Simpler Models:  http://www.ipcc.ch/publications_and_data/ar4/wg1/en/ch8s8-8.html#8-8-1.  Below, paraphrase two arguments for using simpler climate models. 
Each variable in computer models, including those you identified above, is expressed as a parameter in an equation and used to calculate outcomes, just like you did on pp. 6 and 10.  However, we only used one independent variable (CO2 concentration) in our final model.  You can imagine how complex the mathematical equations become when the number of variables in the AR4 models are included.  These different variables also interact with each other, in some cases quite strongly, through feedback mechanisms, making the calculations even more complex.  This is why climate models are run on computers (or even supercomputers).  However, the difference between those climate models and the one we have developed in this lab is mainly a matter of complexity – the general approach is the same.
9. Let’s take a variable (forcing) that has a net cooling effect on the Earth (say, the extent to which the sun’s radiation is reflected by clouds).  If we were to do a linear regression analysis where we graphed temperature (y-axis) against the number of clouds (x-axis), how do you think the resulting line would be different from the ones on pp. 6 and 10?

10. Explain how would the y = mx + b equation reflects this difference?

11. Climate models cannot be completely divorced from actual physical evidence.  How might physical measurements of factors affecting the climate be used by a scientist specializing in the development of climate models?  Discuss one specific way.

12. Climate change skeptics often criticize climate scientists for relying so heavily on models for their evidence.  How would you respond to a skeptic who has this concern?  You may agree or disagree but you must justify your response using ideas about scientific models you developed in this lab.

Last Name: ______________		First Name: _____________                   Group #:  _________	


Lab Day: ________________	Lab Time: ______________	Locker #:  _________























NAME:  _________________________








1 Caillon and others, 2003, Timing of Atmospheric CO2 and Antarctic Temperature Changes Across Termination III, Science Magazine, v. 299, p.1728-1730.
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