


FACING THE FUTURE

Grade Level: 9-12

Unit Length: 2 weeks

Subject Areas Included:

• Science
• Social Studies
• Mathematics
• Communications
• Technology
• Language Arts
• Health
• Business/Finance

Key Concepts Covered: 

• Carbon dioxide trends
• Carbon footprint
• Climate change policy
• Ecosystems
• Emissions trading
• Energy use and conservation
• Environmental justice
• Environmental regulations
• Equity, poverty, and scarcity
• Global connections
• Greenhouse effect
• Greenhouse gases
• Personal and structural solutions
• Regional climate impacts
• Renewable and nonrenewable energy 

sources
• Temperature trends 



CLIMATE CHANGE

Student Skills Developed:

• Collaboration
• Critical thinking
• Graphing
• Inquiry
• Problem-solving
• Systems thinking 
• Written and oral communication

National Science Education Standards 
(NSES) Addressed:

• Standard A: Science as Inquiry
• Standard B: Physical Science
• Standard C: Life Science
• Standard D: Earth and Space Science
• Standard E: Science and Technology
• Standard F: Science in Personal and 

Social Perspectives

National Council for the Social Studies 
(NCSS) Standards Addressed:

• Strand 3: People, Places, and Environ-
ments

• Strand 6: Power, Authority, and Gover-
nance

• Strand 7: Production, Distribution, and 
Consumption

• Strand 8: Science, Technology, and 
Society

• Strand 9: Global Connections
• Strand 10: Civic Ideals and Practices
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1Through an experiment, 
students explore Earth’s greenhouse effect. 
Students graph results of 3 scenarios to draw 
conclusions about how greenhouse gases 
affect air temperature.

Greenhouse Gas 
Investigations
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Inquiry/Critical Thinking Questions

• What is the greenhouse effect?
• What are some greenhouse gases, and 

what activities produce them?

Objectives

Students will:
• review examples of greenhouse gases 

and how they are produced
• investigate how greenhouse gases affect 

air temperature
• explore effects of different greenhouse 

gases 
• discuss connections between human 

activities and greenhouse gases

Time Required

50 minutes (Allow extra time if an extensive 
review of the included introductory material 
is required.) 

Key Concepts

• Greenhouse effect
• Greenhouse gases
• Scientific inquiry

Subject Areas

• Science (Earth, Environmental, 
Physical)

• Mathematics

National Standards Alignment

National Science Education Standards 
(NSES)

• Standard A: Science as Inquiry
• Standard B: Physical Science
• Standard D: Earth and Space Science
• Standard F: Science in Personal and 

Social Perspectives

Vocabulary

• greenhouse effect—The process by 
which gases in Earth’s atmosphere 
retain infrared radiation (heat) from the 
sun, warming Earth’s surface.

• greenhouse gas—A gas found in 
Earth’s atmosphere that both absorbs 
and re-emits infrared radiation. 
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Materials/Preparation

• Thermometers, 3 per group of 4-5 
students 

• Glass containers (e.g., jars, beakers, 
tumblers), 3 identical containers per 
student group

• (Optional) Plastic cling wrap, 2 small 
pieces per student group

• Paper towels, 1 per student group
• Handout: Data Table, 1 per student 

group
• Graph paper, 1 sheet per student group
• Warm water to wet paper towels
• Sunny location or heat lamp

Activity
Introduction

1. Ask students if they have ever seen or 
been inside a greenhouse. If no one 
has, ask if they have been inside a car 
that has been parked in the sun all day. 
Why do they think the air inside a 
greenhouse or a car is so much warmer 
than the outside air? (Heat energy from 
the sun passes through the glass and is 
retained within the greenhouse. Because 
the energy stays inside the greenhouse, 
the inside air is much warmer than the 
air outside.)

2. Tell them that they will do an 
experiment that simulates the 
“greenhouse effect.” Greenhouse 
gases act somewhat like windows in a 
greenhouse, trapping the sun’s energy 
near Earth’s surface. 
Note: The process by which air warms 
in a greenhouse is not identical to the 
greenhouse effect. While greenhouse 
gases absorb and reemit heat radiat-
ing from Earth’s surface, the glass in a 
greenhouse traps the heated air.

3. Ask them to share what they know 
about the greenhouse effect. What is it? 
Is it a bad thing? Could we live without 
it? (No, Earth would be too cold for 
many organisms to survive without the 
greenhouse effect.)
Note: This sharing activity could take 
the form of a KWL chart (What I 
Know. What I Want to Know. What I 
Learned.).
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Hypothesis

Predict which one of the three environments will be the warmest after 20 minutes, and explain why 
you expect this.

Procedures

1. Make sure that all 3 thermometers read the same temperature.
2. Near a heat source, place one thermometer in an uncovered glass container. 
3. Next to the uncovered glass container, place one thermometer in a second glass container. Cover 

the top of the container with plastic wrap. 
4. Next to the second glass container, place one thermometer in a third glass container with a damp 

paper towel that has been held under warm water. Cover the top of the container with plastic wrap.
5. Make sure that all thermometers are equidistant from the heat source so that they receive the same 

amount of heat energy.
6. Record the temperature of all three thermometers every 60 seconds for 20 minutes. Record data 

below.
7. After 20 minutes, move the three containers away from the heat source and observe what happens 

to the temperature in each container.

GROUP MEMBERS





3In small groups, students learn 
about potential impacts of climate change 
on living things in a variety of ecosystems. 
Students communicate these impacts to their 
school community through informative posters 
or other media.

Effects of 
Climate Change 
on Living 
Things

Adapted from “Communities of 
Living Things” by Elizabeth K. 
Andre, Will Steger Foundation



Humans in Northern Europe

Ecosystem Role Cards

Impact: Increased agricultural yields

A longer growing season due to increased temperatures will increase growth of plants. Northern 
European crops such as wheat and sugar beets will benefit from a longer growing season. Farm-
ers will also be able to grow crops such as sunflowers and soybeans formerly grown only in warmer 
regions. Because plants need carbon dioxide for photosynthesis, increased carbon dioxide in the 
atmosphere will help plants to thrive.

Impact: Tourism boom

Warmer temperatures will make northern Europe a more inviting tourist destination. Tourists may 
prefer to visit cooler mountainous regions, rather than travel to hotter tropical destinations.

Impact: Shifting navigation

Melting sea ice will open up navigation channels in Arctic regions. Materials, including food and 
fuel supplies, will be able to be shipped from northern Europe through the Northern Sea Route, 
requiring less time and fuel for transport.

Other means of travel may be negative impacted by climate change. Extreme weather events, in-
cluding rain and wind, may damage land-based transportation systems. Flooding can destroy roads 
and railways. Extreme winds make any mode of transportation more dangerous; windy conditions 
are hazardous to boats, airplanes, and automobiles.  

Impact: Improvements and threats to human health

Warmer temperatures will result in fewer deaths related to cold temperatures. However, heat-relat-
ed deaths will increase as temperatures rise. Susceptibility to tick-borne diseases like Lyme disease 
and mosquito-borne diseases like malaria will increase. Children and elderly persons are most 
susceptible to these diseases. Increased water pollution from bacterial growth, and air pollution due 
to smog, also pose threats to human health.

Reference:
Joseph Alcamo, et al., “Europe,” Climate Change 2007: Impacts, Adaptation and Vulnerability: A Contribution of Working Group II to 
the Fourth Assessment Report of the Intergovernmental Panel on Climate Change, under Publications and Data, ed. M.L.Parry et al. 
(Cambridge, UK: Cambridge University Press, 2007) accessed June 5, 2013, http://www.ipcc.ch/publications_and_data/publications_
ipcc_fourth_assessment_report_wg2_report_impacts_adaptation_and_vulnerability.htm.

http://www.ipcc.ch/publications_and_data/publications_ipcc_fourth_assessment_report_wg2_report_impacts_adaptation_and_vulnerability.htm
http://www.ipcc.ch/publications_and_data/publications_ipcc_fourth_assessment_report_wg2_report_impacts_adaptation_and_vulnerability.htm


Humans on Small Pacific Islands

Ecosystem Role Cards

Solomon Islands, Papua New Guinea, American Samoa

Impact: Coastal erosion

Many of these small islands are less than 4 meters (about 13 feet) above sea level. Sea levels (from 
glacial melting and thermal expansion) have risen continually in the past century. Higher sea levels 
encroach on coastal habitat, which affects not only human settlements but natural coastal ecosys-
tems as well. Increased sea levels and saltwater intrusion cause declines in mangrove tree popula-
tions. Mangrove roots protect coastlines from erosion, but as sea levels rise over time, mangroves 
migrate toward the land. If they eventually reach a sea wall or other barrier, they may be reduced to 
a narrow strip of trees or may disappear altogether.
Impact: Reduced tourism

Algae living on coral reefs are sensitive to warmer water temperatures. If the water is too warm, 
they die, causing coral to appear white (this is called “coral bleaching”). Tourism from diving will 
be reduced if coral reefs are damaged. 

Impact: Reduced freshwater quality

Low-lying islands depend on rainfall and natural filters such as mangroves to maintain a clean 
supply of freshwater. Rising sea levels cause salt water to move farther inland, often contaminat-
ing drinking water sources.  Mangroves act as natural filters, preventing sediment and toxins from 
reaching island water sources. Reduction of mangrove habitat from rising sea levels would allow 
more sediments and pollutants to move inland, polluting fresh water sources.
Impact: Lack of food resources

Loss of mangrove and coral reef habitats signals dwindling food resources for islanders. Mangroves 
provide habitat for many types of seafood, including crabs, clams, and fish. Coral reefs likewise 
provide habitat for many fish.

References:
Eric Gilman, et al., Pacific Island Mangroves in a Changing Climate and Rising Sea: UNEP Regional Seas Reports and Studies No. 179 
(Nairobi, Kenya: United Nations Environment Programme (UNEP), 2006) accessed June 10, 2013, http://www.unep.org/PDF/mangrove-
report.pdf.
Nobuo Mimura, et al., “Small Islands,” Climate Change 2007: Impacts, Adaptation and Vulnerability: A Contribution of Working Group II 
to the Fourth Assessment Report of the Intergovernmental Panel on Climate Change, under Publications and Data, ed. M.L.Parry et al. 
(Cambridge, UK: Cambridge University Press, 2007) accessed June 5, 2013, http://www.ipcc.ch/publications_and_data/publications_
ipcc_fourth_assessment_report_wg2_report_impacts_adaptation_and_vulnerability.htm.

http://www.unep.org/PDF/mangrove-report.pdf
http://www.unep.org/PDF/mangrove-report.pdf
http://www.ipcc.ch/publications_and_data/publications_ipcc_fourth_assessment_report_wg2_report_impacts_adaptation_and_vulnerability.htm
http://www.ipcc.ch/publications_and_data/publications_ipcc_fourth_assessment_report_wg2_report_impacts_adaptation_and_vulnerability.htm


4Students gather information 
about their personal energy use to calculate 
their carbon footprint, using an online 
carbon calculator. Their results are compared 
to the carbon footprint of an average person 
in the United States. Students discover ways 
to decrease their carbon emissions.

It All Adds 
Up!
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Inquiry/Critical Thinking Questions

• How do our lifestyles affect climate 
change?

• What is a carbon footprint, and how is 
it measured?

• What changes in our daily lives would 
result in lower carbon emissions?

Objectives

Students will:
• use an online carbon calculator to deter-

mine impacts of daily choices on carbon 
emissions

• explore ways to reduce their carbon 
footprint

Time Required

50 minutes 

Key Concepts

• Carbon footprint
• Personal solutions

Subject Areas

• Science (Environmental, Life, Earth, 
Physical)

• Social Studies (U.S. History, Geography)
• Mathematics
• Technology

National Standards Alignment

National Science Education Standards 
(NSES)

• Standard A: Science as Inquiry
• Standard C: Life Science
• Standard D: Earth and Space Science
• Standard F: Science in Personal and 

Social Perspectives

National Council for the Social Studies 
(NCSS)

• Strand 3: People, Places, and Environ-
ments

• Strand 7: Production, Distribution, and 
Consumption




