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Audience: 
Juniors and Seniors
Michigan Content Standards:
· E2.1B: Analyze the interactions between the major systems (geosphere, atmosphere, hydrosphere, biosphere) that make up the Earth.
· E2.1C: Explain, using specific examples, how a change in one system affects other Earth systems.
· 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 climate 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.
Overarching Understandings:
Key concept:
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.
Related Misconceptions:
http://www.gcrio.org/gwcc/misconceptions.html
http://www.whoi.edu/page.do?pid=12455&tid=282&cid=10149
Climate change and the loss of the ozone layer are pretty much the same thing.
Mistakes between what is climate and what is weather
Aerosol spray cans are a major contributor to climate change.
Essential Questions	
	Topic	
	What is it
	How is it measured
	Evidence for recent change
	What is the cause
	Who does it effect

	Climate

	
	
	
	
	

	Greenhouse gases
	
	
	
	
	

	Global Warming
	
	
	
	
	


Knowledge:
1. Students will be able to analyze the interactions between the major systems that make up the Earth system.
2. Students will be able to explain, using specific examples, how a change in one system affects other Earth systems.
3. Students will be able to explain the natural mechanism of the greenhouse effect including comparisons of the major greenhouse gases (water vapor, carbon dioxide, methane, nitrous oxide, and ozone).
4. Students will be able to describe natural mechanisms that could result in significant changes in climate (e.g., major volcanic eruptions, changes in sunlight received by the Earth, and meteoric impacts).
5. Students will analyze the empirical relationship between the emissions of carbon dioxide, atmospheric carbon dioxide levels, and the average global temperature over the past 150 years.
6. The students will explain the consequences of warmer oceans, based on evidence of observable changes in recent history and climate change models, and changing climatic zones.
a. Increased evaporation, shoreline and estuarine impacts, oceanic algae growth, and coral bleaching
b. Adaptive capacity of the biosphere
7. Based on evidence from historical climate research (e.g., fossils, varves, ice core data) and climate change models, students will explain how the current melting of polar ice caps can impact the climate systems.
8. Students will describe geologic evidence that implies climates were significantly colder at times in the geologic record (e.g. geomorphology, striations, and fossils).
9. Students will 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.
Skills
1. Students will be able to read graphs with different scales.
2. Students will be able to do original web and library research and relate that knowledge to information learned in class.
3. Students will be able to take, read, and record data from experiments.
Assessment Evidence
Formative assessments:
1.  Labs
2.  Activities
3.  Project
Summative Assessment:
1. Unit Exam
Learning Plan Calendar – daily topics and activities
	Monday
	Tuesday
	Wednesday
	Thursday 
	Friday

	What is climate? 
Pre- test 
Climate change and people
*Track family vehicle usage for one week


	Global Climate differ from our definition?
Response to global warming ?
Concept Map
*Read energy meter  
	A greenhouse gas introduction- Lab
Finish- change concept map
Introduce Project
	Group questions at end of lab
Jar Lab 
Work on project
	Video- A global Warning

	Work on project

	Reading about Natures Time Machine
Quicktime video
Climate Change
	Ice Core Data Graphs
*Start presentations here 
	Interpret or Graph data 
Topo Maps
	Tie-in to Natural Causes 

	Effects of Climate change
	Effects of Climate change on communities of living things
	Climate change and disease
	Car Quest
	Energy watch




Semi-detailed outline: 
1. What is climate – Write the word climate on the board and ask students to brainstorm terms that describe climate- After many words are on the board, come up with a class definition. 
2. Pre-test 
How does Global climate differ from ‘our’ definition?  Again Class discussion, include the difference between climate and weather. 
a. Inputs and controls- Climate change and people 
i.  Gradual- Discuss which changes would be gradual
ii. Catastrophic – Discuss which changes would be catastrophic
Homework: Read energy meter at home!  
b. How is it measured- Video- “A global warning”  
i. Modern- How is climate and weather measured? 
ii. Ancient
Introduce Unit Project
 Day Before Project-  Write a response to the following question: “In your opinion is global warming an imminent world threat?” (5 minute free write)
3. Brainstorm- What is global warming? 
a. Group Challenge – Concept Map

Graphs 
Global mean temperatures, 1892-1999 
Atmospheric CO2 concentrations, 1860-1990 
Temperature and CO2 Levels for the last 160,000 years 
Storks and Babies: Does Correlation prove cause & effect?

Introduce Unit Project- Global Warming Class Project- Choose a project. 
· In paper if you answered Yes- choose a project from the yes side, if you answered no choose a project from the no side. 
· Greenhouse effect simulation- Lab 
     What are greenhouse gases? Reading  
Jar lab   
b. Identify the gases- What are the four greenhouse gases, and where does each come from?  (E 5.4A) Compare the major greenhouse gases
c. Mechanisms of greenhouse effect (E 5.4 B) 
Reference: 
http://www.letus.northwestern.edu/projects/gw/ 
http://environment.nationalgeographic.com/environment/global-warming/gw-causes.html 
http://www.btinternet.com/~n.j.f/Y7science/globalwarm/gwcmanswer.htm 
http://www.internet4classrooms.com/excel_concept_map.htm  

4. Climate from the past? (topo maps from Michigan) (Natures time change- reading/graphing)
Data graphing, proxies, ancient climate 
Homework: Track family vehicle use in one week. 
5. Has climate changed  (E5.4C) (5.4f)
a. Graphing Recent data
b. Relationship between greenhouse gasses and global temperatures- Why is global warming linked to the greenhouse effect? How does the greenhouse effect work?
c. Did humans cause it- (Project time) 
6. Effects of climate change in Alaska- 
a. Melting of ice caps / seal level shoreline- Jigsaw 
b. Biogeography patterns- Effects of climate change on communities of living things
7. What can we do about it 
a. Car quest 
b. Carbon footprints and reduction ideas – Energy watch  

Go to the following website for further detailed lesson plans: 
www.wmich.edu/science/blast 

              			                                                 Name_______________________________ 
Answer the following questions T for True or F for False. 
____ 1. Natural factors are the only things that cause global warming. 
____ 2.  Land topography influences weather patterns. 
____ 3.  The United States emits the most greenhouse gases. 
____ 4.  Aerosol spray cans are a major contributor to climate change. 
____ 5.  The World Heath Organization blames Global warming for 150,000 deaths a year. 
____ 6.  If carbon dioxide emissions were stopped today, past actions would still affect the Earth for 
              years to come. 
____ 7. Polar bears are the most vulnerable animal to global warming. 
____ 8. As ice covered surfaces disappear, global warming will accelerate. 
____ 9. Scientists think that as global warming increases so will the cases of Malaria. 
____ 10. Hand-washing dishes uses more water than a dishwasher. 
____ 11. Without greenhouse gases, we could not live on Earth. 
____ 12. Methane is the most common greenhouse gas emitted by human activities.
____ 13. The difference between climate and weather is that Earth’s climate is the average condition
               in a given place over many years, whereas, weather includes only the immediate conditions
               for a specific place. 
____ 14. Greenhouse gases act like a blanket in the atmosphere, trapping heat and warming the
               planet. 
____ 15. Without the human race, greenhouse gases would not exist.
____ 16. Human-caused emissions of carbon come from both the burning of fossil fuels and from
               land-use changes such as deforestation and land-clearing.
____ 17. In the past, climate has been much colder and much warmer than it currently is. 
____ 18. Scientists can only measure climate for the past one hundred years.
____ 19. Individual actions, such as replacing all of your old light bulbs with compact fluorescent light
               bulbs, will help reduce the amount of greenhouse gases in the atmosphere.
____ 20. The natural resources that people depend on will be greatly affected by climate change.
____ 21. Loss of the ozone layer causes global warming and climate change.  
____ 22. General pollution and toxic chemicals are major contributors to climate change.
____ 23. Using nuclear power causes climate change.        


1. False 
2. T
3. F- China took over the US in 2006-2007 
4. F- Almost no effect-in the past aerosol spray cans contained CFC’s  contributed to depletion of the ozone layer, however under U.S. law aerosol spray cans no longer contain CFC’s 
5. T
6. T
7. F- Narwhals- (more restricted diet, and locations)
8. T- more heat will be absorbed. Ice covered surfaces reflect cooler air. 
9. T
10.  F- Dishwasher uses less  (handwashing up to 50 % more)
11.  T- correct keeps it right temperature for people 
12. F- Carbon Dioxide 
13. True 
14.  True 
15. False 
16.  True
17. True
18. F- direct measure 1800’s  proxy measures- Mesozoic (200 million years)
19. T
20. T- water
21. F- two different problems that are connected – The depletion of the stratospheric ozone layer (ozone hole) is a serious environmental problem because it causes an increase in UV radiation can harm people, animals, plants
22. F- pollution has little to no role in climate change- invisible carbon dioxide released when coal, oil, or gas are burned single biggest contributor to climate change
23. F- actually reduces emissions of carbon dioxide- Nuclear energy presents a variety of other environmental problems, reduces the gases which contribute to global warming

A Greenhouse Gas Introduction 
Name ___________________________

Objectives: 
E 2.1 A- Explain why the Earth is essentially a closed system in terms of matter. 
E 2.1C- Explain, using specific examples, how a change in one system affects other Earth Systems. 
E 5.4A- Explain the natural mechanism of the greenhouse effect including comparisons of the major greenhouse gases (water vapor, carbon dioxide, methane, nitrous oxide, ozone.)
E 5.4B- 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).
E 5.4C- Analyze the empirical relationship between the emissions of carbon dioxide, atmospheric carbon dioxide levels, and the average global temperature over the past 150 years. 
E5.4g- 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.

Introduction:  
Heat trapping gases collect in the troposphere and are made up of carbon dioxide, nitrous oxide, methane, water vapor, ozone, and chlorofluorocarbons.  These “greenhouse gases” act like a blanket in the atmosphere, trapping heat and warming the planet.  Scientists call these gases greenhouse gases because they work in a similar fashion as a greenhouse. These gases trap heat and help regulate the temperature on Earth.  Some gases are more effective at trapping heat than others and then tend to stay in the atmosphere for longer periods of time.  The better a gas is at trapping heat, the longer it stays in the atmosphere.  Carbon dioxide is the gas that we use as a barometer for global warming.  Both carbon dioxide and methane have a great impact on how much heat is trapped in the atmosphere.

Lab: 
1) Open the following website:      
http://phet.colorado.edu/simulations/sims.php?sim=The_Greenhouse_Effect
2) Answer these questions to the best of your ability. Please record all temperatures after waiting 30 seconds. 
3) Click on run now and begin the lab!   

1) Click on Ice Age 
a. What do the yellow particles represent? ___________________________
b. What do the red particles represent? ___________________________
c. Describe what they represent_______________________________________________
_______________________________________________________________________
d.  What is the minimum temperature of this age? ___________________________
e. What is the CO2 amount at this age? ___________________________
f. What happens to the sunlight photons as they hit the ground? _____________________
     _______________________________________________________________________
g. Are all of the sunlight photons being reflected back into space? Why or why not? _______________________________________________________________________
_______________________________________________________________________
h. What happens to the temperature when you add clouds? _________________________
i. How are the photons affected by adding clouds? ________________________________
_______________________________________________________________________
2) Click on 1750 – remove the clouds 
a. Record the minimum temperature_____________________________
b. Record the following levels: CO2 ______  CH4 ______  N2O______  H2O ______  
c. What happens to the sunlight photons as they hit the ground? __________________
____________________________________________________________________
d. Add clouds what happens to the temperature? _______________________________
_____________________________________________________________________
e. How are photons affected by adding clouds? __________________________________
______________________________________________________________________
3) Click on Today – remove the clouds 
a. Record the minimum temperature __________________________
b. Record the following levels: CO2 ______  CH4 ______  N2O______  H2O ______  
c. What happens to the sunlight photons as they hit the ground? __________________
____________________________________________________________________
d. Add clouds what happens to the temperature? _______________________________
_____________________________________________________________________
e. How are photons affected by adding clouds? __________________________________
______________________________________________________________________
4) Click on Adjustable concentrations 
a. Adjust the greenhouse gas concentration level to none. Explain what happens. Hint:  watch the temperature. ____________________________________________________
______________________________________________________________________
_______________________________________________________________________
b. Adjust the greenhouse gas concentration level to lots. Explain what happens. Hint:  watch the temperature. ____________________________________________________
______________________________________________________________________
5) Select glass layers tab on top. Uncheck “View all Photons” box. 
a. Record temperature before adding glass panes: __________________
b. Add one glass pane. 
i. What do the sunlight photons do when they hit the glass from the top? _________
_________________________________________________________________
ii. What do the infrared photons do when they hit the glass from the bottom? Be 
   specific. __________________________________________________________
   _________________________________________________________________
   _________________________________________________________________
iii. What is the new temperature “inside the greenhouse?” _____________________
iv. Based on the observation of the photons, why does the temperature go up so much? ___________________________________________________________
_________________________________________________________________
_________________________________________________________________
6) Add additional glass panes. 
a. What happens to the temperature? ___________________________
b. Explain why this happens based on your observations of the photons. _______________
_______________________________________________________________________
_______________________________________________________________________


Check with your teacher before continuing         _____ Initial 











Answer the following questions on a separate sheet of paper using complete sentences, and complete ideas.  You must use evidence from your observations of this simulation to support your answers. 

Tier One 
1. How does the “greenhouse effect” affect temperature on Earth?
2. How is the “greenhouse effect” similar to blankets on a bed?
3. Is the “greenhouse effect” good or bad for the Earth? Why?
4. How could changes in sunlight received by the Earth cause a significant climate change?
5. The PHET greenhouse gas simulation presents a model of global warming for a simplified Earth. What are the simplifications of this program? Can a computer simulation of the Earth ever be one hundred percent accurate? What factors would you add to improve this simulation? 

Tier Two
1. What is a closed system? Why is this important when thinking about the “greenhouse effect”?
2. Use specific examples from this unit how does a change in one system affect other Earth systems?
3. Could a major volcanic eruption cause a significant climate change? Explain. 
4. The PHET greenhouse gas simulation presents a model of global warming for a simplified Earth. What are the simplifications of this program? Can a computer simulation of the Earth ever be one hundred percent accurate? What factors would you add to improve this simulation? 

    Tier Three 	
1. The PHET greenhouse gas simulation presents a model of global warming for a simplified Earth. What are the simplifications of this program? Can a computer simulation of the Earth ever be one hundred percent accurate? What factors would you add to improve this simulation? 
2. Scientists that found that increasing certain gases in the atmosphere leads to a small increase in temperature.   This led to the theory of global warming. There is a huge political controversy over the issue of global warming. Use the internet to find out if there is evidence to support this theory. List your sources and explain why you think trustworthy the site is. 
3. Identify some natural or human process that might increase or decrease the amount of 
greenhouse gases in the atmosphere. Identify what does what. 

 

Each Group will report back as instructed. 

Exit Card- Using what you learned today, explain why it is dangerous to leave animals or small children in the car on a hot day with the windows up. 

References: 
Loblein, Trish, Jordan, Amy (07,09). The Greenhouse Lab . Retrieved May 17, 2009, Web site: http://phet.colorado.edu/teacher_ideas/view-contribution.php?contribution_id=40 
Charles N. Long, et al (2005). Changes in Earth’s Reflectivity. Science 308 (5723).

Moutoux, David (2008,04). Greenhouse Effect. Retrieved June 01, 2009, Web site: http://phet.colorado.edu/teacher_ideas/view-contribution.php?contribution_id=472
Sager, R., Ramsey, W., Phillips, C., & Watenpaugh, F. (2000). Modern Earth Science. HRW.  
Spooner, Kayne (07,09). The Greenhouse Effect Phet Simulation. Retrieved June 17, 2009, Web site: http://phet.colorado.edu/teacher_ideas/view-contribution.php?contribution_id=226

 

South Hill Academy Lesson plan
	Unit:  Global Climate Change
	Topic:  Climate change and people

	Objective and Assessment:
The students will (thinking verb) (specific content) by using by using (acquisition of content) to(product):
The students will:  read different articles about the social impacts of climate change.
The students will:  be responsible for explaining what they have learned to members of the other groups.
The students will: be able to explain the effect climate change will have on the economy and people.
	Materials:  Readings
Flash material: what if the ice melts.
Computer access or Library access


	Pre-assessment:  Pretest Global climate change
	

	Differentiated Instruction Strategies:  This lesson will be differentiated by product and readiness.

	

	Grabber:  
Show the flash media on what happens if the ice melts.

	(Connect, Purpose, Big Picture)
E2.1B  Analyze the interactions between the major systems (geosphere, atmosphere, hydrosphere, and biosphere that make up the Earth.

E2.1C Explain using specific examples, how a change in one system affects other Earth systems.

E5.4D Based on evidence of observable changes in recent history and climate change models, explain the consequence of warmer oceans and changing climatic zones.


	Activate Prior Knowledge:  
Brainstorm impacts of climate change beyond the immediate environmental change:

These are some things that we hope will come up either in this discussion or after the students have read their articles: 

Socially, climate change will affect economic factors, habitat for humans and animal species, reduced availability of natural resources such as water or petroleum.  Social impacts include the effects on humans beyond the immediate environmental change.  For example depleted fisheries cause unemployment and force groups to look for alternative means of survival, sea level rise causes massive inland migration, homelessness, and unemployment, tropical temperatures moving north cause the spread of diseases in locations where they have not been a problem before.
	

	PROCEDURE- (Think: Model, give examples, guided practice, check for understanding, "During Learning Strategy") 


Learning Activity:     
Divide students into groups of four and distribute one copy of each reading into each group.  (Design the groups ahead of time, so you will have one tier 1 student, 2 tier 2 students, and 1 tier three student.  Tier one students should get Warm Winters Upset Rhythms of Maple Sugar, Tier 2 students should get Scientists Say Millions Could Flee Rising Seas and Scientists Detail Social, Economic Costs of Unbridled Climate Change, and Tier 3 students should get Climate Change Fight Cant Wait.) Instruct the students to each read one article and take notes so they are able to explain their article to the other group members.  Have the students discuss their articles in their groups and to come up with the top five ways they believe climate change will affect people all over the world. 

Have the students present their top five lists to the class and have them explain why they think these are the most important impacts climate change will have.

Processing Activity:  
At the end of the presentations, ask the students which social impact seems to be the most pressing at this time, or the most alarming for the future.  Ask them to consider the size of the population that will be effected.  Remind them to consider the effects on employment, economy, real estate, and availability of resources including food, water, gas, oil and other necessities.  Ask them to think beyond the obvious to discover risks they they have not yet considered…for example what will happen if the Florida panthers try to migrate through the suburbs of Orlando?


	Closure: Each student summarizes the learning in a way that is meaningful to them:  
Students will reflect on the two presentations and answer the following questions in their own words:
Instruct the students to search the Web or library for articles supporting or disputing their claims as to the area of climate change that will have the most devastating impacts.  Students can search environmental journals, online or in the library and find valuable resources through the Google Scholar Web search tool.  Ask the students to create either a poster or scrapbook detailing the results of their research.  Students should offer evidence to support their conclusions.


	Teacher Debrief:  


http://www.teachersdomain.org/resource/ess05.sci.ess.watcyc.icemelt/

Unit: Global Climate Change
Topic: Nature’s Time Machine
Standards: 
· E5.4f: Describe geologic evidence that implies climates were significantly colder at times in the geologic record (e.g., geomorphology, striations, and fossils).
Essential Questions:  
· How is ancient climate measured?
Learning Objectives – Students will be able to:
· Describe indirect measures of climate such as ice cores, corals, speleothems, tree rings, and pollen 
· Describe ancient indicators of climate such as glacial landforms (moraines, drumlins, outwash, striations, etc.), rocks, and fossils 
Materials: 
· Reading – Nature’s Time Machine
Procedure:
Opening – class discussion: 
· How far back in time do direct measurements of climate and weather go?
· How do scientists measure climate and weather that is even older?
· Points of discussion: indirect measures of climate including varves, ice core data (oxygen isotopes), tree rings, pollen, corals, speleothems (stalactites and stalagmites).
Reading – Nature’s Time Machine
Assessment – homework questions:
· What types of data are “recorded” in ice cores?  
· How does ice core data record past events on the earth?
· What has ice core data shown us about global warming?

Unit: Global Climate Change
Topic: Evidence of Ancient Climate
Standards: 
· E5.4f: Describe geologic evidence that implies climates were significantly colder at times in the geologic record (e.g., geomorphology, striations, and fossils).
Essential Questions:  
· What was earth’s climate like in the ancient past? 
· What causes natural long-term variability in climate?
Learning Objectives – Students will be able to:
· Describe ancient indicators of climate such as glacial landforms (moraines, drumlins, outwash, striations, etc.), rocks, and fossils 
· Interpret rock, fossil, and landform data to estimate climate conditions at different times in Michigan’s past
Materials: 
· Assortment of rocks and fossils (limestone, evaporate, red bed, sandstone, glacial till; invertebrates, mastodon/mammoth)
· Topographic  maps of glacial landforms (drumlin, moraine), with stereo or air photos if possible 
· Michigan geologic map
Procedure:
Opening – examine geologic map of Michigan and discuss different rock types (review related to previous units in the class)
Activity - 
· Set up stations around the room (6-10 depending on supplies and class size), each with rock, fossil, or landform sample.
· Send students in small groups to a few stations (~3) to complete activity questions (e.g., identify the specimen, describe the climate and/or environment that it represents
· Discuss as a whole class what types of past climates are represented by the samples present
Assessment:
· Homework questions

Unit: Global Climate Change
Topic: Greenland Ice Sheet Project
Standards: 
· 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.
Essential Questions:  
· What was earth’s climate like in the recent past? 
· How quickly can climate change?
Learning Objectives – Students will be able to:
· Describe how ice cores are obtained and what climate data they provide
· Identify which greenhouse gasses and particulate matter can be obtained from ice core data
· Interpret graphs of temperature, methane concentration, calcium dust, and insolation and analyze the relationship between these variables
· Describe evidence for rapid climate change in the recent and geologic past 
Materials: 
· Flash video – Climate Change (http://www.teachersdomain.org/asset/ess05_vid_climatechange/ ) 
· Flash interactive  - Greenland Ice Sheet Project 2: A Record of Climate Change (http://teachersdomain.org/resource/ess05.sci.ess.watcyc.greenland/ )
· Flash video – Natural Climate Change in Djibouti, Africa (http://www.teachersdomain.org/resource/ess05.sci.ess.watcyc.naturalchange/ )
Procedure:
Opening – View flash video Climate Change and discuss following questions:
· What is the difference between weather and climate?
· How do scientists measure the average world temperature in past eons?
· Before 8000 B.C., dramatic changes in average temperature occurred over just a few years’ time. What was happening to the global climate before 8000 B.C.?
Activity – Ice cores are critical to understanding the conditions on Earth over the past 40,000 years, but obtaining them is no easy task. Have students work in pairs or small groups to explore the Greenland Ice Sheet Project 2: A Record of Climate Change flash interactive to learn about the difficulties scientists face as they drill for ice cores in Greenland, and to find out what the scientists are learning about global climate change from the ice. Have students answer the following questions in their journals:
· Why do you think this project was so difficult to mount and took as long as it did?
· Analyze the Greenland Summit Temperature graph. Describe the two variables shown on this graph (temperature and time). During what time period did the largest change in temperature occur? Have we seen world average temperature changes occur this rapidly in the past century?
· Analyze the Methane Concentration graph. When did the largest change in methane gas concentration occur?
· Look at the Methane graph with the temperature overlay showing. What is the general relationship between methane concentration and temperature?
· Analyze the Calcium Dust graph. How does calcium dust get into the glacial ice? When did the largest change in calcium dust concentration occur?
· Look at the Calcium graph with the temperature overlay showing. What is the general relationship between calcium dust concentration and temperature? Why does this relationship exist? (Hint: think about reflected light)
· Analyze the Insolation graph. When did the largest change in Insolation occur?
· Look at the Insolation graph with the temperature overlay showing. What is the general relationship between insolation and temperature? What else besides the chemicals in the atmosphere affects the temperature on Earth?
· How might any of these variables (temperature, methane concentration, calcium dust concentration, and insolation) be used to determine past or future conditions?
Dramatic global climate change is evident in many places on Earth. For example, Djibouti, which lies east of the Sahara desert, is one of the hottest and most arid cities in the world. However, it wasn’t always this way. Show students the Natural Climate Change in Djibouti, Africa flash video and discuss these questions:
· Explain how the tilt of the earth on its axis is related to our changing seasons.
· What evidence do shells provide to scientists?
· What is the most recent scientific explanation for the dramatic climate change that caused the Sahara’s massive lakes to dry up?
Assessment:
· Have students revisit their concept maps for global warming and add in modern and ancient climate evidence 


Unit: Global Climate Change
Topic: Graphs Tell the Story of Global Warming
Standards: 
· 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.
Essential Questions:  
· How has climate changed in the recent past? 
· What evidence from ice core data suggests that climate has changed in the recent past? 
· How has human activities contributed to global climate change?
· What evidence suggests that human activities have contributed to global climate change? 
Learning Objectives – Students will be able to:
· Create graphs of climate data (CO2, methane, sulfur dioxide, nitrous oxide concentrations), world population, and carbon emissions
· Interpret graphs and analyze relationships between variables on different graphs
· Make predications based on graphical data
· Describe the evidence for global warming in the past 150 years
· Describe the evidence for human contributions to global warming over the past 150 years 
Materials: 
· world map or globe 
Each small group of 3-4 students will need:
· graph paper - 2 sheets
· poster paper - 1 sheet
· copies and/or transparencies of the graph template - 1 sheet
· ice core data set - 1 copy
· graph of recent data
· markers 
· colored modeling clay - small block
· clear plastic straw(fast food variety) - 1 

Procedure:
[bookmark: overview]Overview - Students investigate climate changes going back thousands of years by graphing and analyzing ice core data from Greenland and Antarctica. They use information about natural and human-caused changes in the atmosphere to formulate predictions about the Earth's climate.
[bookmark: setup]Pre-activity set-up:
Teacher should be familiar with the following concepts (see resource links):
· Ice sheets - large masses of ice thousands of meters thick that cover most of Greenland and Antarctica; form from accumulated snowfall over thousands of years
· Ice cores - samples extracted from ice sheets; contain traces of air, chemicals, and dust
· Greenhouse effect - the trapping of heat in the atmosphere by carbon dioxide, water vapor, and other gases
· Global warming - the potential warming of the atmosphere resulting from increases in greenhouse gases due to human activities
Students should be familiar with the following concepts:
· Climate - the average pattern of temperature and precipitation
· Atmosphere - the layer of gases surrounding the Earth; mostly nitrogen and oxygen with small amounts of carbon dioxide and other gases 
[bookmark: time]Time Frame
Approximately one week ~ 4 to 5 hours of class time
1. Engagement and Exploration Modeling ice sheets and cores with clay and straws - 30 minutes
2. Explanation Students write and draw what they learned - 15 minutes
3. Elaboration
a. Graphing and analyzing ice core data - Making predictions about recent trends - 1 to 2 hours
b. Group presentations of graphs and predictions - Discussion of the relationships between different sets of data - 1 hour
c. Investigation of recent climate data - 30 minutes
4. Exchange Discussion of human-caused changes in the atmosphere and their effects on the Earth's climate - 30 minutes to 1 hour
[bookmark: engagement]Engagement and Exploration (Student Inquiry Activity)
· Organize the class into groups of 3 to 4 students. Distribute a small brick of clay to each group and instruct them to divide it among group members. Have students flatten the clay into a thin layer.
· Explain that layers of clay will represent annual layers of snowfall in cold, polar regions.
· Have students come up in turn and place their clay on a flat surface. (You may choose to do the demonstration on a map or globe.) Each layer should be placed on top of the previous layers.
· Explain that constructing the mound of clay simulates the formation of an ice sheet from accumulated snowfall over thousands of years.
· Explain that the deep layers in the ice sheet contain information about the atmosphere and climate from long ago. Ask how scientists might be able to access that information. Explain that we are going to use straws to simulate the drilling and removal of ice cores.
· Give each group a clear, plastic straw. Have each group simulate the recovery of an ice core. By pressing the straw straight down through all layers of the clay and carefully pulling it out they should obtain a core with visible layering.
· Discuss which parts of the core represent the youngest and oldest layers of ice. Ask students to describe any differences they see in the layers. Have students speculate on why actual ice layers may have different properties, appearance, or thickness.
· Display and describe ice core images. 
[bookmark: explanation]Explanation (Discussing)
· Have each student write and/or draw in response to the following questions.
· What are ice sheets and how do they form?
· What are ice cores and what might they be used for? 
[bookmark: elaboration]Elaboration (Polar Applications)
· Each group is now a science team responsible some actual ice core data. Their task is to graph, analyze, and report on their parcticular set of data. The information comes from the GISP2 ice core from Greenland and the Vostok core from Antarctica. You might want to have students find these locations on a map or globe. Both cores extended down a few thousand meters into the ice sheet providing information dating back over 100,000 years BP (before the present). Some data sets indicate the amount of different chemicals (methane, carbon dioxide, sulfate, nitrous oxide) that were present in the atmosphere. Data is also provided on past temperatures, determined by measuring the ratio of oxygen isotopes in the ice. The data represents natural changes in Earth's atmosphere and climate.
· Provide each team with one set of data. More than one team may get the same data. You may choose to have each group produce their graph on a large piece of poster paper (lined or grid paper works best). This will allow them to display their graphs for presentation and comparison of the data. You may want them to use the graph template either on a transparency or on paper that can be made into a transparency later. Transparencies will allow you to overlay graphs from different teams for easy comparison. 
· After finishing the graph, each team should discuss and record the following:
· description of the data including any trends, patterns or cycles they might discern. They should share the unit of measurement (e.g. ppbV - parts per billion of volume) and the magnitude of any changes
· prediction and rationale for what they expect the data might look like from the last point on their graph up to the present
· Have each team give their presentation to the class. These should include: 
· displaying the graph
· presenting the analysis
· sharing the prediction and rationale
· Challenge the class to find any relationships between the data on different graphs. They might look for:
· similar patterns of temperature between the Greenland and Antarctic cores.
· a relationship between temperature and levels of greenhouse gases (carbon dioxide, methane, nitrous oxide).
· a negative relationship between temperature and sulfate levels. Discuss the meaning or potential reasons for these relationships.
· Distribute and/or display the graphs that show recent data for gases and temperature. The rapid increases in some gases over the last couple centuries are examples of anthropogenic effects linked to human activities. Have each team record a description of the data and an evaluation of their prediction. These may be shared with the class. 
[bookmark: exchange]Exchange (Students Draw Conclusions)
· Have the class share their thoughts about the recent data. The following questions can be used to guide the discussion.
· How have human activities resulted in the rapid rise in the levels of these gases?
· How has the Earth's temperature changed over the last 1000 years? 140 years?
· Have increased greenhouse gases caused temperature levels to increase?
· How might sulfate in the atmosphere affect climate?
· What natural factors may affect the future climate?
· What effect might climate change have on our lives and those of future generations?
· Should we do anything about the possibility of global warming? 
[bookmark: evaluation]Evaluation (Assessing Student Performance)
Students may be evaluated based on:
· Parcticipation in group activities and class discussions
· Quality of the graph produced
· Presentation of the data with a logical analysis and reasonable prediction
· Written or oral explanation of how ice cores are used to learn about climate
· Written or oral description of how natural and human factors affect climate
Data and Graphs





Graphs are from: Climate Change 2001: Working Group I: The Scientific Basis, p. 3: Intergovernmental Panel on Climate Change, Houghton, J.T., Y. Ding, D.J. Griggs, M. Noguer, P.J. van der Linden, X. Dai, K. Maskell, C.A. Johnson, eds.
The data that follow in the tables are from the following site. We have deleted much of the data so that a reasonable amount of data for hand graphing remains. If you are graphing on a computer, you might choose to download the data direclty from the site so that you have the data set in its entirety. 
The text that follows is from the site referenced. We have changed the years listed (in B.P.; before present) to actual years, with negative years indicating BC. 
http:/ /www.ngdc.noaa.gov/paleo/icecore/greenland/summit/document/gispisot.htm 
GISP2 Bidecadal Oxygen Isotope Data 
REFERENCES: 
Stuiver, M., T.F. Braziunas, P.M. Grootes, and G.A. Zielinski. 1997. Is there evidence for solar forcing of climate in the GISP2 oxygen isotope record? Quaternary Research 48:259-266. 
Stuiver, M., P.M. Grootes, and T.F. Braziunas. 1995. The GISP2 18O climate record of the past 16,500 years and the role of the sun, ocean and volcanoes. Quaternary Research 44:341-354. 
Meese, D.A., R.B. Alley, R.J. Fiacco, M.S. Germani, A.J. Gow, P.M. Grootes, M. Illing, P.A. Mayewski, M.C. Morrison, M. Ram, K.C. Taylor, Q. Yang, and G.A. Zielinski. 1994. Preliminary depth-agescale of the GISP2 ice core. Special CRREL Report 94-1, US. 
Steig, E.J., P.M. Grootes, and M. Stuiver. 1994. Seasonal precipitaion timing and ice core records. Science 266:1885-1886. 
DATA DESCRIPTION: 
This file contains the GISP2 bidecadal delta 18O data set back to 16,510 yr B.P., measured at the Quaternary Isotope Laboratory, University of Washington, as of February 1st, 1997. The timescale includes revisions by D. A. Meese as of September 1994. The GISP2 depths below 167 meters are those of the D core; above 167 meters the core depths are those of the B core + 1.09 meters. See the file gisp2age.dat for further information on the timescale. 
Between 1650.29 and 1844.88 meters, the delta 18-O values of this time series are based on high resolution data (0.2 meter). They differ slightly from the 2-meter time series (file UW2md18O.dat). 
The data columns represent: 
1. top depths of intervals (in meters) 
2. mean delta Oxygen 18 values (in per mil) starting at top depths. Standard deviation in a single delta Oxygen 18 measurement is 0.14 per mil. Multiple measurements (such as for the ones below) reduce the standard deviation to the 0.05 to 0.1 per mil range. 
3. layer count ages at top depths (in yr BP) where 0 BP represents AD 1950 SUMMER to AD 1949 SUMMER 
(Added for this exercise: column 4: year AD) 
	Depth 
	O 18 
	Age 
	Year 

	Top (m) 
	(per mil) 
	age (before present) 
	time (AD) 

	36.85 
	-35.18 
	50 
	1900 

	119.2 
	-35.08 
	350 
	1600 

	212.31 
	-35.17 
	750 
	1200 

	304.02 
	-34.8 
	1150 
	800 

	389.62 
	-34.8 
	1550 
	400 

	470.32 
	-34.72 
	1950 
	0 

	548.74 
	-34.47 
	2350 
	-400 

	622.82 
	-35.16 
	2750 
	-800 

	695.12 
	-34.12 
	3150 
	-1200 

	763.02 
	-35.15 
	3550 
	-1600 

	829.43 
	-34.83 
	3950 
	-2000 

	892.7 
	-35.39 
	4350 
	-2400 

	954.41 
	-35.07 
	4750 
	-2800 

	1013.63 
	-34.68 
	5150 
	-3200 

	1069.27 
	-34.55 
	5550 
	-3600 

	1121.41 
	-34.52 
	5950 
	-4000 

	1172.74 
	-34.62 
	6350 
	-4400 

	1223.15 
	-34.28 
	6750 
	-4800 

	1270.57 
	-35.04 
	7150 
	-5200 

	1317.18 
	-34.55 
	7550 
	-5600 

	1363.05 
	-34.68 
	7950 
	-6000 

	1405.96 
	-34.81 
	8350 
	-6400 

	1447.99 
	-34.61 
	8750 
	-6800 

	1488.56 
	-35.06 
	9150 
	-7200 

	1525.95 
	-34.6 
	9550 
	-7600 

	1560.4 
	-35 
	9950 
	-8000 

	1592.86 
	-35.82 
	10350 
	-8400 

	1621.71 
	-36.21 
	10750 
	-8800 

	1648.47 
	-36.76 
	11150 
	-9200 

	1672.67 
	-36.39 
	11550 
	-9600 

	1686.85 
	-39.18 
	11950 
	-10000 

	1697.68 
	-40.77 
	12350 
	-10400 

	1708.24 
	-39.03 
	12750 
	-10800 

	1723.47 
	-39.25 
	13150 
	-11200 

	1740 
	-37.93 
	13550 
	-11600 

	1759 
	-37.35 
	13950 
	-12000 

	1779.23 
	-36.51 
	14350 
	-12400 

	1800 
	-39.54 
	14750 
	-12800 

	1811.32 
	-39 
	15150 
	-13200 

	1821.23 
	-38.48 
	15550 
	-13600 

	1830.95 
	-41.43 
	15950 
	-14000 

	1840.98 
	-40.23 
	16350 
	-14400 





Lake Vostok Carbon Dioxide Data
This data is from the following web site and refernce below. We have changed this data so that there is a reasonable anount to graph by hand. If you are going to be graphing with computers, you might want to download the data directly from the site referenced to have a complete set. 
There are 5 columns of data, the last two are the ones to graph, the year and CO2 information. The other three columns are information about the sample; the depth in the ice core and the year in BP (before present.) You may notice that there is a difference between the ice age and the gas age; this is due to the gas in the snow rising before it froze completely. 
Please note that the years for each data point are not uniformly spaced. 
ftp://ftp.ngdc.noaa.gov/pal eo/icecore/antarctica/vostok/co2.txt 
Barnola et al, Nature 329, 408-414 1987 
	Depth 
	ice Age 
	Gas age 
	CO2 
	Year (AD) 

	m 
	years 
	years 
	ppmv 
	

	124.6 
	4050 
	1700 
	274.5 
	300 

	173.1 
	5970 
	3530 
	270 
	-1530 

	250.3 
	9320 
	6800 
	252 
	-4800 

	266 
	10040 
	7500 
	257 
	-5500 

	302.6 
	11870 
	9140 
	259 
	-7140 

	375.6 
	16350 
	12930 
	245 
	-10930 

	426.4 
	20330 
	16250 
	193 
	-14250 

	474.2 
	24280 
	20090 
	194.5 
	-18090 

	525.1 
	28530 
	24390 
	200 
	-22390 

	576 
	32680 
	28720 
	198 
	-26720 

	602.3 
	34770 
	30910 
	223 
	-28910 

	625.6 
	36600 
	32800 
	207 
	-30800 

	651.6 
	38600 
	34870 
	210 
	-32870 

	700.3 
	42320 
	38660 
	207 
	-36660 

	748.3 
	45970 
	42310 
	178.5 
	-40310 

	775.2 
	48000 
	44350 
	200 
	-42350 

	800 
	49850 
	46220 
	207.7 
	-44220 

	852.5 
	53770 
	50150 
	201 
	-48150 

	874.3 
	55450 
	51770 
	201 
	-49770 

	902.2 
	57660 
	53860 
	219.5 
	-51860 

	926.8 
	59670 
	55780 
	214.5 
	-53780 

	951.9 
	61790 
	57800 
	206.5 
	-55800 

	975.7 
	63880 
	59770 
	201 
	-57770 

	1002.5 
	66230 
	62080 
	192 
	-60080 

	1023.5 
	68040 
	63960 
	193 
	-61960 

	1052.4 
	70470 
	66540 
	205.5 
	-64540 

	1074.8 
	72330 
	68490 
	226.5 
	-66490 

	1101.4 
	74500 
	70770 
	243 
	-68770 

	1124.19 
	76330 
	72690 
	235 
	-70690 

	1148.69 
	78270 
	74720 
	230.5 
	-72720 

	1175 
	80320 
	76860 
	219.5 
	-74860 

	1225.69 
	84220 
	80900 
	222.5 
	-78900 

	1251.5 
	86220 
	82820 
	234 
	-80820 

	1274.19 
	87980 
	84700 
	218.8 
	-82700 

	1299.3 
	89940 
	86680 
	210 
	-84680 

	1322.5 
	91760 
	88520 
	221.5 
	-86520 

	1349 
	93860 
	90630 
	226 
	-88630 

	1374.8 
	95910 
	92700 
	234 
	-90700 

	1402.5 
	98130 
	94940 
	226.5 
	-92940 

	1425.5 
	100000 
	96810 
	236 
	-94810 

	1451.5 
	102210 
	98950 
	225 
	-96950 

	1476.09 
	104410 
	101040 
	229 
	-99040 

	1499.59 
	106610 
	103130 
	238.5 
	-101130 

	1526.3 
	109240 
	105620 
	234.5 
	-103620 

	1547 
	111250 
	107650 
	244 
	-105650 

	1575.19 
	113850 
	110510 
	233.5 
	-108510 

	1598 
	115850 
	112700 
	240 
	-110700 

	1626.5 
	118220 
	115290 
	276 
	-113290 


[bookmark: moredata]
Lake Vostok Methane Data 
This data is from the following web site and refernce below. We have changed this data so that there is a reasonable anount to graph by hand. If you are going to be graphing with computers, you might want to download the data yourslef to have a complete set. 
ftp://ftp.ngdc.noaa.gov/pal eo/icecore/antarctica/vostok/ch4.txt 
Chappellaz et al, Nature 345,127-131 (1990) 
	Age 
	CH4 content 

	(BC) 
	(PPBV) 

	569 
	668 

	1701 
	595 

	4197 
	574 

	7195 
	667 

	8537 
	477 

	9827 
	662 

	10385 
	642 

	14242 
	395 

	16752 
	349 

	19532 
	348 

	23172 
	384 

	24870 
	415 

	28902 
	432 

	30796 
	522 

	33892 
	484 

	38525 
	441 

	41598 
	402 

	45123 
	504 

	48755 
	514 

	52574 
	442 

	56665 
	414 

	60858 
	434 

	65396 
	458 

	69714 
	462 

	73815 
	438 

	77642 
	545 

	81680 
	529 

	85460 
	417 

	89806 
	443 

	93792 
	407 

	96943 
	480 

	99037 
	493 

	103611 
	591 

	105164 
	437 

	109253 
	468 

	113400 
	443 

	116938 
	515 

	120577 
	557 

	124486 
	584 

	129120 
	620 

	130788 
	637 

	132136 
	688 

	134302 
	526 

	139040 
	431 

	141980 
	352 

	143869 
	374 

	145485 
	348 

	147130 
	318 

	151613 
	345 



This data is from the following site. We have delted much of the data so that a reasonable amount of data for hand graphing remains. If you are graphing on a computer, you might choose to download the data direclty from the site so that you have the data set in its entirety. 
The text that follows is from the site referenced. We have changed the years listed (in B.P.; before present) to actual years, with negative years indicating BC. 
This data set may be for more advanced graphers, since the years are not in even intervals. They are all approximately 2200 years apart, but there is significant variation. 
It should also be noted that there is a gas age and an ice age here; there is a slight difference (approximately 200 years) between these numbers, since before the snowfall completely freezes, the gas can rise slightly. 
ftp://ftp .ngdc.noaa.gov/paleo/icecore/greenland/summit/gisp2/gases/gispch4.txt 
GISP2 Methane Concentrations 
REFERENCE: 
Brook, E.J., T. Sowers, and J. Orchardo. 1996. Rapid variations in atmospheric methane concentration during the past 110,000 years. Science 273:1087-1091. 
DATA DESCRIPTION: 
Gas ages were calculated according to the methods described in Brook et al. 1996, and are subject to change. Ice ages were calculated by by linear interpolation from the Meese et al. timescale. 
	Year 
	CH4 
	Gas Age 
	Ice Age 

	
	(ppbV) 
	(yr BP 1950) 
	(yr BP 1950) 

	1810 
	754 
	140 
	343 

	581 
	665 
	1369 
	1566 

	-665 
	615 
	2615 
	2809 

	-2378 
	598 
	4328 
	4524 

	-4709 
	603 
	6659 
	6854 

	-6681 
	662 
	8631 
	8819 

	-7714 
	710 
	9664 
	9874 

	-9007 
	732 
	10957 
	11251 

	-9855 
	534 
	11805 
	12493 

	-10550 
	497 
	12500 
	13105 

	-11833 
	666 
	13783 
	14153 

	-12768 
	593 
	14718 
	15299 

	-15313 
	404 
	17263 
	17892 

	-18119 
	394 
	20069 
	20638 

	-23836 
	384 
	25786 
	26551 

	-27599 
	412 
	29549 
	30745 

	-31294 
	462 
	33244 
	33728 

	-33122 
	583 
	35072 
	35949 

	-35918 
	571 
	37868 
	38208 

	-37571 
	461 
	39521 
	40255 

	-39640 
	408 
	41590 
	42110 

	-41257 
	434 
	43207 
	43764 

	-43390 
	528 
	45340 
	46072 

	-46097 
	462 
	48047 
	49145 

	-47975 
	536 
	49925 
	51357 

	-50062 
	555 
	52012 
	53467 

	-53184 
	538 
	55134 
	55426 

	-55641 
	592 
	57591 
	57275 

	-57191 
	435 
	59141 
	58671 

	-59268 
	454 
	61218 
	59874 

	-60924 
	504 
	62874 
	61161 

	-63313 
	512 
	65263 
	63067 

	-65632 
	488 
	67582 
	65520 

	-68902 
	467 
	70852 
	69567 

	-71048 
	448 
	72998 
	73105 

	-73828 
	475 
	75778 
	75933 

	-75736 
	522 
	77686 
	78223 

	-77829 
	580 
	79779 
	80453 

	-79940 
	639 
	81890 
	82506 

	-82397 
	505 
	84347 
	85022 

	-84926 
	449 
	86876 
	87479 

	-87372 
	534 
	89322 
	89492 

	-89537 
	443 
	91487 
	91549 

	-92101 
	430 
	94051 
	93565 

	-95265 
	535 
	97215 
	96132 

	-98019 
	566 
	99969 
	98648 

	-99844 
	502 
	101794 
	100725 

	-101807 
	514 
	103757 
	102855 

	-103622 
	487 
	105572 
	105081 

	-105758 
	503 
	107708 
	107898 

	-108161 
	656 
	110111 
	112078 



Reference: Getting to the Core of Climate Change: How can we use ice core data from the polar regions to investigate changes in Earth's climate past, present, and future? (http://tea.armadaproject.org/activity/leppik/gettingtothecoreofclimatechange_main.htm )
[bookmark: authorcontact]Author Contact Information
Mara Carey, John W. Rogers Middle School, Rockland, Massachusetts
Judy Filkins, Hanover St. Elementary School, Lebanon, New Hampshire
Karina Leppik, Choate-Rosemary Hall, Wallingford, Connecticut
Rolf Tremblay, Goodman Middle School, Gig Harbor, Washington


South Hill Academy Lesson plan
	Unit:  Global Climate Change
	Topic:  Effects of Climate Change

	Objective and Assessment:
The students will (thinking verb) (specific content) by using by using (acquisition of content) to(product):
The students will:  learn about the effects of global warming in Alaska and how everything is interconnected
The students will:  Explain why Arctic and sub Arctic regions are particularly vulnerable to changes in temperature
The Students will:  Explain how global warming is changing habitats and affecting ecosystems and wildlife populations
The students will:  understand how Alaska Native people rely on permafrost and are being affected by changes to it.
	Materials:  Computers to view quicktime videos:      For class viewing: An Unpredictable Environment QuickTime Video    Permafrost: Melting Permafrost QuickTime Video Losing Permafrost in Alaska QuickTime Video Changing Arctic Landscape QuickTime Video  Subsistence living: The Spirit of Subsistence Living QuickTime Video  Gwich'in Tribe Protects Caribou and Culture QuickTime Video Living from the Land and Sea QuickTime Video                                                               

	Pre-assessment:  Pretest Global climate change
	

	Differentiated Instruction Strategies:  This lesson will be differentiated based on interest.  Students will be grouped by the topic that they are most interested in.
	

	Grabber:  The lesson will begin with a video that demonstrates the unsettling influence a changing climate is having on Alaska’s wildlife and people.
Following the video students will group into two groups one that will cover permafrost and one that will cover subsistence living.  If class size is large, you may want to have two groups for each topic.
	(Connect, Purpose, Big Picture)
E2.1B  Analyze the interactions between the major systems (geosphere, atmosphere, hydrosphere, and biosphere that make up the Earth.

E2.1C Explain using specific examples, how a change in one system affects other Earth systems.

E5.4D Based on evidence of observable changes in recent history and climate change models, explain the consequence of warmer oceans and changing climatic zones.


	Activate Prior Knowledge:  
Review with students the concepts of greenhouse gasses and climate change.
	

	PROCEDURE- (Think: Model, give examples, guided practice, check for understanding, "During Learning Strategy") 
Learning Activity:     
Effects of Global Warming Activity: Permafrost
Permafrost is persistently frozen soil that has been frozen for two or more years. It consists
of large cavities of pure ice and ground ice, or ice that forms in pore spaces and bonds sediments
in the soil. About a quarter of the northern hemisphere's land, including much of Alaska,
contains permafrost. Although these regions have been in the permafrost zone for thousands of
years, today all regions are reporting thawing and a decrease in permafrost. Scientists attribute
melting permafrost to increased atmospheric warming.
Watch at least two of the following QuickTime videos:
• Melting Permafrost
• Losing Permafrost in Alaska
• Changing Arctic Landscape
Record in your science notebook the environmental, economic, and cultural consequences of
warming as is highlighted in the videos. When you are finished, discuss your ideas with your
group.

Effects of Global Warming Activity:
Subsistence Living and Your Carbon Footprint
Most indigenous peoples, including Alaska Native peoples, possess a holistic worldview. They see
all elements—earth, air, fire, water, and spirit—as interconnected. Often, their traditional ways
of life provide all their material needs. However, global warming is driving changes that threaten
time-honored Alaska Native practices, including subsistence living.
Watch at least two of the following QuickTime videos:
• The Spirit of Subsistence Living
• Gwich'in Tribe Protects Caribou and Culture
• Living from the Land and Sea
In your science notebooks, reflect on the similarities and differences between Western and
Alaska Native ways of life. What skills are essential for survival in the Arctic? How about in
Western societies? In what ways do global warming and Western influence threaten customary
practices? Why are both Alaska Native and Western scientific knowledge important in managing
Alaskan resources? Discuss your ideas with your group.
As a group, visit the Web site, Carbon Footprint (http://www.carbonfootprint.com/index.html).
Read the "What Is It?" tab, and check out the "Calculator" feature.

 
Processing Activity:  
Class Presentation - Permafrost
Your group will be presenting important background information to a panel at a special
Congressional hearing on the subject of permafrost. The panel has no scientific expertise, so
you will need to demonstrate what permafrost is and explain the consequences of its melting in
clear, concise terms.
With your group, create an experimental model of permafrost to use in this exercise. Start by
collecting enough local soil to fill a cardboard box that you can fit into a freezer at home or one
made available by your school. Before you put the soil into the container, take a hand spray (or
similar device) and spray the soil with water until it is wet throughout. You may have to stir the
soil to make sure it all gets wet. Put the soil into the cardboard container and place the container
in a freezer overnight.
Begin your presentation with an overview that defines permafrost. Explain how it forms and
how prominent it is in Alaska. List obvious signs that it is melting—including changes to the landscape
and the sinking of built structures. To demonstrate the change permafrost undergoes when
it melts, build or place a structure on your frozen model, then allow the frozen soil to thaw.
(Note: The structure should be heavy enough that when the soil is thawed, it begins to sink or
shift position. You may experiment with different kinds of materials for the structure, such as
metal, stone, and wood.) Also, be sure to make a drain hole in the box to allow meltwater to
escape.
Before the soil has finished thawing, ask the panel to guess what will happen to your model.
Describe the outcome and explain how this relates to what is happening to permafrost in Alaska.
To demonstrate the local and global significance of melting permafrost, your group should highlight
such consequences as erosion, the disappearance of lakes, the dilution of oceans from
freshwater runoff, and accelerated atmospheric warming as ice cover diminishes and trapped
greenhouse gases escape.
Class Presentation Subsistence Living
You will be presenting to a room full of business executives, including representatives from the
automobile, airline, clothing, construction, and supermarket industries. Your group will need to
educate these executives about the impact their current practices are having on the planet.
Explain the idea of a carbon footprint and suggest practices that Western societies could adopt to
help reduce their carbon footprint. For example, it might help to compare the different kinds of
food on the dinner table in different cultures, including Alaska Native communities, or the style
and type of dress, including an analysis of where these foods and clothes come from and how this
may impact one's carbon footprint. (Note: Displaying actual examples of clothing to make a comparison
might be effective here.) Most people in rural Alaska have to travel by snow machine,
motor-powered boat, or airplane. Assess the carbon footprint of a typical local subsistence hunting
or fishing activity, and what the footprint would be to fly round-trip to the nearest large city.
To provide added context, be sure to address the impact that carbon from factory emissions and
transportation and the depletion of natural resources are having across the planet. For example,
even though forests are being cut down in remote rainforests to produce lumber and furniture,
the reduction of trees hinders the planet’s ability to process the important greenhouse gas carbon
dioxide. Thus, deforestation is a concern that might be shared by everyone, everywhere.



	Closure: Each student summarizes the learning in a way that is meaningful to them:  
Students will reflect on the two presentations and answer the following questions in their own words:
What is meant by the term system in science?

What are some contributing factors to global warming?

Name at least one physical, economic, and social consequence of the loss of permafrost.

What are some similarities and differences in the way that the Alaskan Native people and Western scientist view the natural world?

Will the effects of global warming impact Alaskan Native peoples, and if so how?


	Teacher Debrief:  




South Hill Academy Lesson plan
	Unit:  Global Climate Change
	Topic:  Effects of Climate Change on Communities of Living Things

	Objective and Assessment:
The students will (thinking verb) (specific content) by using by using (acquisition of content) to(product):
The students will:  be able to explain how changing weather patterns, a changing balance of competitors and changes in the availability of food and chelter can increase uncertainty for communities of living things.
The students will:  be able to give examples of these uncertainties and disruptions from the arctic communities.
The Students will:  predict how continued warming may affect communities of living things for their assigned reading
The students will: report to the class their findings.
	Materials:  Readings

	Pre-assessment:  Pretest Global climate change
	

	Differentiated Instruction Strategies:  This lesson will be differentiated based on interest.  Students will be grouped by the topic that they are most interested in.
	

	Grabber:  Hand out cards to the students as they walk in.  Each card will have a green or red x on the card.  As students walk in have them sit on one side of the room if they are red and the opposite side of the room if they are green.  Announce to the class that the red x’s are organisms that have died due to increase global warming.  The green cards have found ways to adapt and survive.

	(Connect, Purpose, Big Picture)
E2.1B  Analyze the interactions between the major systems (geosphere, atmosphere, hydrosphere, and biosphere that make up the Earth.

E2.1C Explain using specific examples, how a change in one system affects other Earth systems.

E5.4D Based on evidence of observable changes in recent history and climate change models, explain the consequence of warmer oceans and changing climatic zones.


	Activate Prior Knowledge:  
Ask students to discuss what types of populations would be affected by global warming.  Keep a running list on the board.  Students with red cards should give a specific example and a reason why they believe that population would be in danger. Students with green cards should think of possible adaptations for the species listed to help increase survival.  Discuss as the class the plausibility for each scenario. 
	

	PROCEDURE- (Think: Model, give examples, guided practice, check for understanding, "During Learning Strategy") 
Learning Activity:     

Divide the students into five groups based on their interest.  Tell the students that the groups are on first come first served basis and limit the number of students in each group.  The groups will consist of:
1. Polar bears
2. Ice – edge dwellers
3. Land dwellers
4. Plant communities
5. Human communities
Have students take turns reading aloud sections of their passage to the rest of their group.  Next have each group discuss the impacts of global warming on their group, described in their passage and then plan one of the following activites to describe what they have learned:
1. TV commercial – help save the…
2. Pamphlet describing the plight of the …
3. A skit describing the impacts of global warming on …
4. An interview with an expert on global warming and the impacts to the …
.  
Processing Activity:  
The entire class will reconvene to demonstrate their final product.  Groups will explain their product and what they have learned about their population and the struggles to adapt to global warming.


	Closure: Each student summarizes the learning in a way that is meaningful to them:  
Students will reflect on the two presentations and answer the following questions in their own words:

1. Ask students to brainstorm their concerns about climate change and record these concerns on the board – based on the presentations from today.
2. Ask students to write letters to encourage action on climate change.  Many politicians are interested in what students have to say.
3. Ask students to draft the outline of  a letter to a local or national newspaper, to local governmental officials, or to local or national elected officials.  Ask them to find the addresses online, and to give reasons why they chose that person to write to.
4. After the letters are drafted, have students read their letters one at a time.  Students should provide the reader with one positive comment about what they liked about the his/her letter and one suggestion to make the letter more powerful.  
5. Students will then edit their letters.
6. When the teachers believe the letters are adequate for delivery, the teacher will collect the letters copy them and mail the original letters.

	Teacher Debrief:  




South Hill Academy Lesson plan
	Unit:  Global Climate Change
	Topic:  Climate change and disease

	Objective and Assessment:
The students will (thinking verb) (specific content) by using by using (acquisition of content) to(product):
The students will:  Explain how vector born disease are spread
The students will:  explain how climate affects the life cycle of vectors
The Students will:  Explain how social factors affect the occurrence and spread of disease
The students will:  define and give examples of vector born diseases 
	Materials:  computer with internet access                        Malaria map                             www.climatehotmap.org

	Pre-assessment:  pretest on global climate change
	

	Differentiated Instruction Strategies:  Click here to enter text.
	

	Grabber:  Global Warming the early signs: www.climatehotmap.org
Students will look at the early warning signs of global warming and discuss the relevance related to earlier topics in the unit.
	(Connect, Purpose, Big Picture)


E2.1B  Analyze the interactions between the major systems (geosphere, atmosphere, hydrosphere, and biosphere that make up the Earth.

E2.1C Explain using specific examples, how a change in one system affects other Earth systems.

E5.4D Based on evidence of observable changes in recent history and climate change models, explain the consequence of warmer


	Activate Prior Knowledge:  
Ask students to think about the consequences of global warming and link those consequences with species specific diseases.  
	

	PROCEDURE- (Think: Model, give examples, guided practice, check for understanding, "During Learning Strategy") 
Learning Activity:     
PowerPoint:
Climate models project a global mean warming by 2100 in the range of 1 – 3.5 C.  Increasing temperatures will be accompanied by changes in rainfall and humidity, including a likely increase in the frequency of heavy precipitation events.  Some areas will become drier because higher temperatures also increase evaporation.
A vector based disease (VBD) is one in which the disease causing microorganism is transmitted from an infected individual to another individual by an arthropod (e.g., mosquito, tick, etc.) or some other agent.  Other animals, wild and domesticated, sometimes serve as intermediary hosts.  Key VBDs of concern include malaria, Lyme disease, dengue fever, yellow fever, hantavirus Pulmonary syndrome, and several forms of encephalitis.
Climate constraints the range of many VBDs. Vector borne diseases are currently found mainly in tropical and subtropical countries and are relatively rare in temperate zones.  Mosquitoes, for example, are limited to seasons and regions where temperatures stay above a certain minimum.  Winter freezing kills many eggs, larvae, and adults.  Climate also influences the availability of suitable habitat and food supply for vectors.
Weather affects the timing and intensity of disease outbreaks.  Within their temperature range of tolerance, mosquitoes will reproduce more quickly and bite more in warmer conditions.  Warmer temperatures also allow the parasites within mosquitoes to mature more quickly, increasing the chances that the mosquito will transfer the infection.  Floods can trigger outbreaks by creating breeding grounds for insects.  Droughts can reduce the number of predators that would normally limit vector populations.
Several modeling studies have predicted that increasing temperatures will lead to the spread of malaria and other diseases into previously unaffected areas.  Climate change may also affect the severity of the disease at a given location.  Due to the complexity of the relationships, the models do not account for all of the ways in which climate can affect the vector, human host, and parasite, and the interactions among them.
Socioeconomic factors also affect the distribution of VBDs.  A good public health infrastructure including prompt treatment of cases to reduce the risk of spread of disease and mosquito-control measures, helps limit disease transmission in developed countries.  For example, malaria once extended into the northern U.S. and Canada, but by 1930, was confined to southern regions of the U.S. and, by 1970 had been eradicated.  Additionally, international travel increases the likelihood of an outbreak in nonendemic areas.  And an increase in drug and pesticide resistance as a consequence of overuse makes control of VBDs more difficult.  Land use by humans can change the availability of habitat for vectors.

 
Processing Activity:  
Have students look over maps of the present day distribution of malaria to characterize the countries where malaria occurs.  Specifically, they should consider the climate of the country, such as average annual temperatures, average nighttime (low) temperatures, and precipitation, and whether it is a developing or developed nation.  www.cia.gov/library/publications/the-world-factbook/index.html.  Climate statistics for the world can be found at www.weatherbase.com
Students will make a venn diagram comparing and contrasting countries with malaria to those without malaria.
Divide students into pairs and have each pair pull an index card out of a box (each index card will have one of the VBDs).  One student in the pair should research how the disease spreads from one human to another, and the other student should research the life cycle of the vector.  Students will create a poster or diorama that illustrates the relationships between the host, parasite, and vector, and how the disease can be transmitted from one human to another.  The students should present their findings orally to the class.
Bring the class together as a group and ask them to use what they have learned from the oral presentations to brainstorm about how climate might influence the spread of the diseases discussed.  Guide the discussions by having students consider three perspectives:
How does climate impact the vector directly?
How does climate impact the vector’s habitat?
How does climate impact the parasite?
Students should consider the role of climatic factors such as temperature, precipitation, presence of surface water, humidity, wind, soil moisture, and frequency of storms or droughts.  Record ideas on the board and provide a summary sheet for the students to use as a reference.

Divide students into new groups of four to explore in more detail the impact of climate on vectors.  Assign each group a specific vector: tick, rodent, mosquito, snail, and bird.  Ask students to fill out a chart highlighting how projected climate changes due to an enhanced greenhouse effect might impact their vector.  Students can either read the Global Warming: Early warning signs map to learn about overall projected climate change or they can research climate changes for their region of the country by reading National assessment reports at : www.usgcrp.gov/usgcrp/nacc/default.htm
Students may not be able to fill in all of the spaces in their chart for their vectors but they should try to fill in as many as possible.


	Closure: Each student summarizes the learning in a way that is meaningful to them:  
Have each student write a reflective essay in which they comment on the group’s predictions of the potential effects of climate change on disease transmission.  Questions to conside include: 
How easy / difficult was it to evaluate the impacts on the vector and vector habitat?  
How easy  / difficult was it to evaluate the impacts on disease transmission?
What if anything, made the evaluation difficult?  
How accurate does the group think their predictions are?
What additional information would the group like to have to complete the chart?

OR
Students can examine a specific example of how weather affects disease by reading about the West Nile virus outbreak in New York City
http://query.nytimes.com/gst/fullpage.htms?sec=health&res=9B05E3DB103BF935A3575BC0A9649C8B63 or the Hantavirus pulmonary syndrome in the U.S. Southwest.  The sequence of extreme weather events that likely contributed to the outbreaks is described in the passage “Opportunists Like Sequential Extremes” from the Epstein (2000) article.  Have the students read this passage and draw a timeline or flow diagram illustrating the sequence of events leading to the outbreak.  Then ask students to look at their diagrams and makr places where changes in human behavior (both individual and community level) could have helped curb the spread of the disease.  

Websites:
Division of VBD’s
www.cdc.gov/ncidod/dvbid/index.htm
Malaria Foundation 
www.malaria.org
West Nile Virus Information
www.audubon.org/bird/wnv/
The life cycle of the mosquito
www.mosquitoes.org/LifeCycle.html
Mosquito Bytes
http://whyfiles.org/016skeeter/index.html
Global warming could increase U.S. death rate
www.sciam.com/article.cfm?alias=global-warming-could-incr
Climate, Ecology and human health
http://www.gcrio.org/CONSEQUENCES/vol3no2/climhealth.html
Links to facts sheets and other resources on climate change and human health
www.psr.org/site/PageServer?pagename=Links_global_warming
Enhanced:climate and health
http://www.sciencemag.org/cgi/content/full285/5426/347


	Teacher Debrief: Click here to enter text.





Name ____________________________   Group_____________________________
	Climate change
	Direct impact on vector
	Impact on vector habitat
	Impact on parasite
	Potential impact on disease transmission

	More heat waves




	
	
	
	

	Change in flooding




	
	
	
	

	Change in drought frequency



	
	
	
	

	Rise in sea level





	
	
	
	

	Extreme Weather




	
	
	
	




South Hill Academy Lesson plan
	Unit:  Global Climate Change
	Topic:  Car Quest

	Objective and Assessment:
The students will (thinking verb) (specific content) by using by using (acquisition of content) to(product):
The students will:  assess the environmental impacts of a fleet of cars and then research and prepare a report about greener transportation choices.

	Materials:  
Copies of the vehicle fleet environmental impact summary

Web quest group tasks

Computers with internet access.


	Pre-assessment:  Pretest Global climate change
	

	Differentiated Instruction Strategies:  This activity will be a tiered activity based on readiness

	

	Grabber:  Discuss “dream cars”
Ask the students if they’ve ever thought about what kind of car they’d most like to own.  Ask students to write down their dream car.

	(Connect, Purpose, Big Picture)
E2.1B  Analyze the interactions between the major systems (geosphere, atmosphere, hydrosphere, and biosphere that make up the Earth.

E2.1C Explain using specific examples, how a change in one system affects other Earth systems.

E5.4D Based on evidence of observable changes in recent history and climate change models, explain the consequence of warmer oceans and changing climatic zones.


	Activate Prior Knowledge:  
According to many scientists who study the effects of consumer actions on the environment, no purchase we make has a bigger effect than our choice of car.  After all, our choices about which car we drive can mean the difference of thousands of pounds of carbon dioxide released into the atmosphere, a significant amount of airborne pollutants, and the amount of strain we place on nonrenewable resources.
	

	PROCEDURE- (Think: Model, give examples, guided practice, check for understanding, "During Learning Strategy") 

Learning Activity:     

Organize the group for a fleet survey.  Tell the students that they will be going outside and taking an inventory of the cars parked in the lot.  Divide the students into teams of three and give each team a copy of the vehicle fleet environmental impact summary.  Separate teams into tiered groups. Explain that you’ll be assigning each team a different section of the lot and they will record the make (for example Honda), model (for example Accord), type (sedan, SUV…), and if possible the year.  If students cant tell the year of a vehicle by looking at it they should estimate how old the car is and then put that year on their sheet.

Go over some basic parking lot safety tips.  Tell the students to be attentive to the movement of cars in and out of spaces and to assume that drivers probably will not expect students walking in and around the cars.

Head outside and gather your group around as you assigning their study areas.  Divide the parking lot into as many equal areas as needed so that each team of three students is responsible for surveying approximately the same number of cars.  Then have students fill in the first three columns on their chart.

Once back in the classroom, have the students use the internet to investigate the environmental effects of the vehicles in their parking lot, as well as their dream car, and complete the data in the remaining columns of their chart.  Tell the students that as they visit the Web sites that have this data they may need more information about the vehicles than they actually know.  Tell them to assume automatic transmission, and use the smallest size of the engine.

Environmental information for most cars can be found at www.fueleconomy.gov

Assume that the average car is driven 15000 miles per year.

Safety information is available at www.safercar.gov  (use an average rating for their vehicles).

Interpret the data:  Answer the following questions and report back to the class
Tier 1 students: 
1. Which cars have the highest and lowest safety ratings:
2. Are the more fuel efficient cars any more or less safe than the cars with less fuel efficiency?
3. How important do you think the car’s safety rating is in deciding a new car?
Tier 2 students:
1. Which types of vehicles have the greatest environmental effects (both good and bad)?
2. What are some of the trade-offs a buyer has to weigh when deciding which car to buy (for example, fuel costs, safety and emissions).  Rank your choices in order of your greatest concern, to the lowest concern.  
3. What if you were an environmentalist would your rankings change, if so how?
Tier 3 students:
1. Brainstorm and list a variety of types of research that you could use to help you buy the best car when looking for a new car.
2. As a consumer, how would this type of research help make more informed decisions?  

After the class has answered the questions, they will report back to the class their ideas.
Processing Activity:  

Divide the students into four groups based on tiers:

Hybrid cars: Tier 2
1. What are hybrid cars?
2. How do they work?
3. Why are they so fuel efficient?
4. Are they available for purchase in your community
Alternative fuels: Tier 1
1. What are alternative fuels?
2. What materials are used as alternative fuels?
Increasing fuel efficiency: Tier 3
1. How can people increase the fuel efficiency of the cars they already own?
2. How much savings (in terms of tons of greenhouse gases emitted as well as in dollars could one person get from making these changes.
Non – car Transportation: Tier 2
1. What are some of the non-car transportation options in your community?
2. Do they use less fuel per person than cars?

Each group will present back to the class.  After each group has presented its findings, discuss the pros and cons of that particular approach to reducing greenhouse gas and other pollutant emissions.  How effective is it?  How expensive is it?  How feasible at this time is it?  Does it seem a reasonable option for most people.

	Closure: Each student summarizes the learning in a way that is meaningful to them:  
Students will reflect on the two presentations and answer the following questions in their own words:
Tier 1 students:  Develop a plan to help educate the drivers of the parking lot vehicles about reducing the environmental effects of their cars.
Tier 2 students: While most forms of public transportation are more efficient than having each passenger drive a car, many buses and other public transportation vehicles are responsible for large amounts of pollution and fuel use.  But more environmentally friendly mass transportations are available.  Research the options of cleaner mass transportation and report back.
Tier 3 students: In many parts of the country, people are concerned about highway safety and the health of the planet and use strong words to condemn the drivers of traditional sport utility vehicles and other big cars that have low fuel efficiency.  In turn, many SUV owners use strong words about the freedom to choose the kind of car they want.  Research and write a brief essay stating their own opinions about this controversial topic.  Which side do you sympathize with and how do you think we should balance out individual and public consideration when it comes to the cars we drive?


	Teacher Debrief:  




South Hill Academy Lesson plan
	Unit:  Global Climate Change
	Topic:  Energy Watch

	Objective and Assessment:
The students will (thinking verb) (specific content) by using by using (acquisition of content) to(product):
The students will:  learn how to read and measure their home’s energy consumption.
The students will: compare their household’s average weekly consumption to the average residential consumption of their own state as well as others across the country.
The students will: develop a plan to reduce their home’s weekly consumption of energy.


	Materials:  
Estimating your Yearly Energy Use worksheet

Computer with internet access

Times 50 tips to reduce your carbon footprint

Household carbon reduction worksheet.


	Pre-assessment:  Pretest Global climate change
	

	Differentiated Instruction Strategies:  This activity will be differentiated by product

	

	Grabber:  
Take five minutes to create a detailed timeline from the time you got up this morning until you arrived at school today.

	(Connect, Purpose, Big Picture)
E2.1B  Analyze the interactions between the major systems (geosphere, atmosphere, hydrosphere, and biosphere that make up the Earth.

E2.1C Explain using specific examples, how a change in one system affects other Earth systems.

E5.4D Based on evidence of observable changes in recent history and climate change models, explain the consequence of warmer oceans and changing climatic zones.


	Activate Prior Knowledge:  
Ask your class if they think making lunch, taking a shower, or doing homework at night contributes to climate change.  Once the connection is made that using energy contributes to climate change because it is produced by fossil fuels, ask them to name other things they do in their homes that rely on the production of electricity.

Complete the carbon footprint student worksheet and calculate the total carbon footprint.
	

	PROCEDURE- (Think: Model, give examples, guided practice, check for understanding, "During Learning Strategy") 

Learning Activity:     
1. Demonstrate to the students how to read their electric meter.  www.jea.com/customer/meter.asp is a good website for guidance.  Explain that you can tell how much electricity your house uses in a given time by reading the meter correctly.
2. Have the class record the number that is on their homes electric meters, and go back one week later to record the numbers. By subtracting the first reading from the second reading each member of the class will know how much energy their household used last week.
3. Ask students if they think their weekly electricity consumption is above or below the average home.  Students should explain their answers.
4. Next have students work on the Estimating your Yearly Energy Use worksheet.  This worksheet will have them calculate their yearly energy consumption using the data they collected and compare it to the average household’s energy use in their state and others throughout the country.

Processing Activity:  
Show students Times 50 things that can be done to reduce your carbon footprint and the household carbon reduction worksheet to create a plan to reduce energy consumption in your house.  
1. Short term / realistic goals:  Now have each student or groups of students write up a plan on how they can reduce their household’s energy consumptions.  These should be things that they can actually do in one week and will not cost their families any money.  Additionally, make sure they the groups or individuals are focusing on  solutions that will show up on their electric meters (walking to school will not affect the meter.
2. Have students record their electric meter, try their solutions and then in one week check to see if they used less energy.


	Closure: Each student summarizes the learning in a way that is meaningful to them:  
Students will reflect on the two presentations and answer the following questions in their own words:
Long term goals:  Have students plan on long term methods of reducing their carbon footprint.  Here they can do things based on “unlimited income”, complete power to choose options, and creativity. 

	Teacher Debrief:  
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