Global Climate Change Unit





Sara Parr

Grade Levels: Middle and High School 

Length of Lesson Sequence: Activities can be chosen to fit the length of time desire, up to three weeks of class time.
Brief Description:

This unit covers the Michigan High School content expectations for Global Climate Change. It includes several inquiry activities, videos, data exercises, and traditional lectures that teachers can chose from to cover all the content expectations.  
Content Statements/Standards Covered:

E5.4 Climate Change
Atmospheric gases trap solar energy that has been reradiated from the Earth’s surface (the greenhouse effect). The Earth’s climate has changed both gradually and catastrophically over geological and historical time frames due to complex interactions between many natural variables and events. The concentration of greenhouse gases (especially carbon dioxide) has increased due to human industrialization, which has contributed to a rise in average global atmospheric temperatures and changes in the biosphere, atmosphere, and hydrosphere. Climates of the past are researched, usually using indirect indicators, to better understand and predict climate change. 

E5.4A  Explain the natural mechanism of the greenhouse effect, including comparisons of the major greenhouse gases (water vapor, carbon dioxide, methane, nitrous oxide, and ozone). 

E5.4B  Describe natural mechanisms that could result in significant changes in climate (e.g., major volcanic eruptions, changes in sunlight received by the earth, and meteorite impacts). 

E5.4C  Analyze the empirical relationship between the emissions of carbon dioxide, atmospheric carbon dioxide levels, and the average global temperature over the past 150 years. 

E5.4D Based on evidence of observable changes in recent history and climate change models, explain the consequences of warmer oceans (including the results of increased evaporation, shoreline and estuarine impacts, oceanic algae growth, and coral bleaching) and changing climatic zones (including the adaptive capacity of the biosphere). 

E5.4e  Based on evidence from historical climate research (e.g. fossils, varves, ice core data) and climate change models, explain how the current melting of polar ice caps can impact the climatic system . 

E5.4f  Describe geologic evidence that implies climates were significantly colder at times in the geologic record (e.g., geomorphology, striations, and fossils). 

E5.4g Compare and contrast the heat-trapping mechanisms of the major greenhouse gases resulting from emissions (carbon dioxide, methane, nitrous oxide, fluorocarbons) as well as their abundance and heat- trapping capacity. 

E5.r4h  Use oxygen isotope data to estimate paleotemperature. (recommended) 
E5.r4i Explain the causes of short-term climate changes such as catastrophic volcanic eruptions and impact of solar system objects. (recommended) 
E5.r4j  Predict the global temperature increase by 2100, given data on the annual trends of CO2 concentration increase. (Recommended)

Objectives of Lesson:

-Explain the natural mechanism of the greenhouse effect

-Be able to identify compare the major greenhouse gases 

-Describe natural mechanisms that could result in significant changes in climate 

-Analyze the empirical relationship between the emissions of carbon dioxide, atmospheric carbon dioxide levels, and the average global temperature over the past 150 years. 

-Explain the consequences of warmer oceans and changing climatic zones 

-Explain how the current melting of polar ice caps can impact the climatic system . 

-Describe geologic evidence that implies climates were significantly colder at times in the geologic record (e.g., geomorphology, striations, and fossils). 

-Compare and contrast the heat-trapping mechanisms of the major greenhouse gases as well as their abundance and heat- trapping capacity. 

Materials and Resources


-Movie “An Inconvenient Truth”
-“Is the Globe Warming” Lesson Plan by Katie Button
-Powerpoint “Climate Data Presentation” by Katie Button
-Document “Climate Data” by Katie Button

-Scientific American Climate Article by Henry N. Pollack and David S. Chapman
-Document “What you can do to stop global warming” by Sara Parr

-Powerpoint “Greenhouse Gases” by Sara Parr

-two desk lamps

-two identical airtight jars with thermometers in their lids

-two beakers with markings for volume
-ice

-“land” made of a woodblock or other device

-Thermal cups, such as styrofoam or coffee mugs

-Thermometers (digital thermometers work best)

-Boiling water

-Lid for one of the cups (You can make a lid out of styrofoam)

Strategy

· Theoretical or empirical storyline: connected knowledge

· Empirical or case-based storyline: Using cases to make ideas experientially real

· Inquiry cycles: finding and explaining patterns in data (arguments from evidence) 

· Experimental inquiry: predict-explain-observe-explain (POE)
Observations, patterns, and explanations

In the chart below, describe the connected observations, patterns, and explanations or models that you will use for your session.

	Observations or experiences (examples, phenomena, data)
	Patterns (laws, generalizations, graphs, tables, categories)
	Explanations (models, theories)

	Climate data, gas concentration data
	Graphs of gas and temperature data
	Climate change, global warming, climate modeling, 

	Application: Model-based Reasoning

	         Inquiry: Finding and Explaining Patterns in Experience


Introduction/Anticipatory Set

Before starting, have the students do a webquest to answer the following questions: 
1. What evidence is there that the earth is actually warming up?

2. What might be causing any global warming?

3. What effect might global warming have on the earth's inhabitants?

See the “Global Warming Webquest” document for a list of useful websites.

Activities of the Session

First have the student watch “An Inconvenient Truth.” This movie covers a lot of material, but more importantly will raise many questions and perhaps entice the students to want to learn more about global climate change. You could skip portions of this movie, or pull out segments that are more pertinent as you go, but it has several good illustrated examples of ideas that need to be covered. 
1. Greenhouse Effect: Have the students draw a picture of the earth with an atmosphere, the sun, and radiation coming from the sun. Ask if anyone can explain to you how the greenhouse effect works. Ask if anyone has actually been inside a greenhouse. Why does a greenhouse work well to grow plants? Explain to the students that radiation comes from the sun, and some of it reaches the surface of the earth, which is heated. Some of that heat is reradiated back out towards space, and some of the heat is trapped by the greenhouse gases. If too much greenhouse gas builds up, then it gets too warm. 
Collect a sample of classroom air in one jar, and a sample of exhaust from a car in another. If you have access to Labpro equipment, measure the concentrations of CO2 in samples of exhaust and classroom air. You can also use a Labpro thermometer to measure temperature in the jars. Make sure the jars are sealed airtight, and place the jars under two identical desk lamps. Before turning on the lamps, have the students make predictions about whether there will be any differences between jars, and why they think they will see a difference. Have the students record the starting temperature, and the temperature every 30 seconds on the board for each sample (these can be run at the same time or different times). You can also let each student have their own set of jars if equipment is available. After the temperature stops changing (or you go for a standard amount of time), graph the results and compare the temperatures of the jar with classroom air and the one with car exhaust. Ask the students if the results agree with their hypothesis, and what that means. Make sure to pool data if multiple jars were run, and to tie the experiment back into the drawing they made of the earth and how greenhouse gases (the same ones that were in the jar) are what keeps the earth from losing as much heat. 
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***************************************************************************

2. Major greenhouse gases- The powerpoint “Greenhouse gases” is particularly useful for this topic. Since it is hard to work with these gases with the technology available in the classroom, try to connect the gases to things the students have experienced. Have the students try to think of all the greenhouse gases, and where these gases come from before you flip to the answers. 

********************************************************************************************
3. What does the ozone have to do with global warming and greenhouse gases?

This topic may be best explored as a guided web-quest activity. 

Are ozone depletion and climate change linked? 

Answer
According to the UNEP/WMO “Scientific Assessment of Ozone Depletion: 2002,” ozone-layer depletion and climate change are linked in a number of ways, but ozone depletion is not a major cause of climate change. The stratosphere cools when ozone is destroyed because there is less ozone to absorb UV radiation. This cooling in turn affects air motions and chemical processes that are related to climate. In addition, some ozone-depleting gases (and, indeed, ozone itself) are also heat-absorbing “greenhouse gases,” so they play a dual role in climate change and ozone depletion. The potential contributions to climate change from ozone and ozone-depleting gases is smaller than from changes in other important atmospheric gases. 

Ozone hole animation: http://www.epa.gov/ozone/science/hole/index.html
Ozone hole tour: http://www.atm.ch.cam.ac.uk/tour/index.html

4. Natural Mechanisms that would result in significant changes in climate. Natural mechanisms of climate change such as a change in the

degree of volcanic and solar activity, meteorite impacts, or a changing distribution of ocean temperatures.

Have the students break into groups and have each group make a presentation about how each of these mechanisms would affect the climate of the earth. Have them show pictures of the mechanisms, explain how the mechanism changes the climate, and how big an impact it can have.
Resources: 

http://www.cotf.edu/ete/modules/volcanoes/vclimate.html 

http://eospso.gsfc.nasa.gov/ftp_docs/Volcanoes.pdf
http://www.smh.com.au/news/science/meteor-dust-obscures-climate-change-views/2005/08/25/1124562946827.html
http://www.space.com/scienceastronomy/astronomy/asteroid_paine_october.html
http://www.john-daly.com/solar/solar.htm
http://www.usgcrp.gov/usgcrp/seminars/991118FO.html
http://earthobservatory.nasa.gov/Newsroom/MediaResources/Roles_Ocean.pdf

***************************************************************************************************
5. Paleo climate and CO2 data- The powerpoint “Climate data presentation” as well as the document “Climate Data” and the activity “Is the globe warming modifications” are good explanations and interactive ways to look at this area. The website http://www.ncdc.noaa.gov/paleo/ is also pretty useful for this information. 
************************************************************************************************
6. Consequences of warmer oceans (adapted from http://education.arm.gov/teacherslounge/lessons/climate_change.pdf)
Objective: The goal of this activity is to teach the students about the insulating properties of sea ice and what happens to the atmosphere when the sea ice is gone.

Materials:

Thermal cups, such as styrofoam or coffee mugs

Thermometers (digital thermometers work best)

Boiling water

Lid for one of the cups (You can make a lid out of styrofoam)

Introduction:

Did you know that in high latitudes, such as the Arctic, sea ice keeps the ocean warm and the atmosphere cold? Sea ice acts like an insulating blanket that helps to slow the loss of heat from the relatively warm ocean to the much colder atmosphere. When sea ice melts, or leads and openings occur in the sea ice, ocean heat flows into the atmosphere. This in turn affects regional climate and has the potential to affect long-term climate change! A warmer atmosphere causes more sea ice to melt, which in turn creates a warmer atmosphere. Leads and openings in the winter sea ice only take up a small percentage of the sea ice area. However, it is estimated that half of the total heat transfer from the ocean to the atmosphere in the winter occurs at these ice openings. Scientists say that the sea ice is the most important factor in heat exchange at high latitudes. Also, studies have shown that older, thicker sea ice is a much better insulator than young ice. Because different types of ice vary in their insulating abilities, it is important to know how much of each type is present. What happens when sea ice responds to our warming atmosphere by melting? Sea ice is important to the overall energy balance of the Earth because it covers so much of the ocean in winter (it typically covers about 14 to 16 million square kilometers in late winter in the Arctic and 17 to 20 million square kilometers in the Antarctic's Southern Ocean). When enough sea ice melts, this can change our atmosphere’s temperatures both locally and globally.

Procedure:

1. Take your two thermal cups and fill them ¾ full with boiling or almost boiling water (Depending on the age of the students, teachers may want to handle the water). The water in these cups represents the ocean in the Arctic.

2. Place a thermometer in each of the cups and make a lid for one of the cups that can fit around the thermometer. Make sure you make a lid out of material that provides insulation, such as Styrofoam. The lid on the cup represents sea ice over the ocean (Note: Make sure your thermometers go up to a high enough temperature so they do not break).

3. Measure the temperature in each of your cups every 10 -15 minutes for one to two hours. Make a data sheet to record your data.

Example data sheet:

Time:                                                            9:00am 9:15am 9:30am 9:45am 10:00am 10:15am

Ocean with sea ice (cup w/ lid) (temp)

Ocean with no sea ice (no lid)

4. Create a graph with this data showing how the temperatures change over time. This is a great way to practice graphing using your own data and comparing numbers visually! See our lesson on “Learn How to Graph” at http://www.arm.gov/docs/education/lessons/gettingstarted/learn2graph.pdf.

Questions:

1. What did you observe happen in each of your cups? Why did this happen?

2. What does the boiling water represent?

3. When heat was transferred out of the “ocean,” where did it go?

4. How does sea ice help to make the air cool?
***************************************************************************************************

Lesson Plans: When Floating and Land Ice Melts in the Sea

Objective

The objective is to investigate the effect on sea level due to the melting of floating ice and land ice due to global warming.

Materials

Each student or group of students will need the following:

· Container 

· Water 

· Ice cubes 

· Adjacent “landform” (wood block  with ice that will melt into the container, but isn’t in the water)

Important Points to Understand

As global warming heats up the upper layers of the ocean, it will cause the melting of the large amount of ice that floats in the water near Arctic and Antarctica. We may think that, with the melting of these icebergs, even more water will enter the oceans and cause an additional rise in sea level. However, it is true that floating ice in the ocean does not raise the sea level when it melts.

Procedure

1. Place the ice cubes in the container. 

2. Gently fill the container with water until it is almost overflowing. 

3. Watch the water level as the ice melts. 
4. Repeat the experiment, except placing the ice on the “landform” so that it flows into the container as it melts. Fill the container until it is almost overflowing.

5. Watch the water level as the ice melts

Questions

1. Does the water overflow when the sea ice melts? What about the land ice? 

2. Do you think that melting icebergs will make the sea level rise? What about land ice? 
3. Do you have any reason to support your answer in question (2)? 

***************************************************************************
7. Changing climatic zones

http://www.ucsusa.org/greatlakes/glregionmic.html has a great deal of information about the changes that will occur in Michigan due to changing climate and may be useful for a webquest. 
Conclusion

A conclusion activity should include what the students can do to help reduce their contributions to global warming. A document: “What you can do to stop global warming” by Sara Parr, would be helpful in this regards. You could also have the students calculate their own ecological footprint (http://www.earthday.net/footprint/index.asp) or have them calculate how much carbon dioxide their families are adding to the atmosphere each year (http://www.co2balance.com/pages.php?pageid=3). 
Assessment

Types of Assessment you might use:

A. Educator-generated Tests  - multiple choice, fill-in-the blank, true/false, essays

B. Presentations to the class

C. Journals and Learning Logs – subjective account from the student on what s/he has learned
D. Worksheets to go along with the webquests

E. Drawings that go along with activities 

Modifications and Accommodations (Optional)

Discuss how will you modify the lesson for students with special needs?  Your mentor can tell you if any students need accommodation and help you modify your lesson.  

Examples of modifications include:


Adapting the tests for students with IEPs

Providing “wait time” for students after asking questions or instructions


Using non-white paper for students with visual impairments


Using written, as well as, oral instructions


Providing a quiet space and/or extra time for test taking

Extensions (Optional)

Additional activities should be added to further emphasize the ideas in the recommended science standards. 

E5.4e  Based on evidence from historical climate research (e.g. fossils, varves, ice core data) and climate change models, explain how the current melting of polar ice caps can impact the climatic system . 

E5.4f  Describe geologic evidence that implies climates were significantly colder at times in the geologic record (e.g., geomorphology, striations, and fossils). 

E5.4g Compare and contrast the heat-trapping mechanisms of the major greenhouse gases resulting from emissions (carbon dioxide, methane, nitrous oxide, fluorocarbons) as well as their abundance and heat- trapping capacity. 

E5.r4h  Use oxygen isotope data to estimate paleotemperature. (recommended) 
E5.r4i Explain the causes of short-term climate changes such as catastrophic volcanic eruptions and impact of solar system objects. (recommended) 
E5.r4j  Predict the global temperature increase by 2100, given data on the annual trends of CO2 concentration increase. (Recommended)
