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Conngctions and
Solutions

Climate change is a complex, interconnected
global issue that cuts across many disciplines. This curriculum is
aligned with national science and social studies standards and may
be used in other classes as well. Appropriate disciplines are suggest-
ed for each lesson.

'The 2-week unit begins with an introduction to climate change.
During the first week, the foundation is laid for understanding some
of the forces behind climate change. Students learn basic scientific
phenomena related to climate change, beginning with the carbon
cycle and the greenhouse effect and concluding with an analysis of
different fuel types.

'The second week widens and deepens students’ understanding of
climate change and its connections to various social, economic, and
environmental factors. By the end of this 2-week unit, students will
understand and be able to communicate complex and interconnect-
ed issues related to climate change.

Each week of the curriculum is a stand-alone unit that can be

taught independently of the other week.

CLIMATE CHANGE



FACING THE FUTURE

Grade Level: 9-12

Unit Length: 2 weeks

Subject Areas Included:

Key Concepts Covered:

Science

Social Studies
Mathematics
Communications
Technology
Language Arts
Health

Business/Finance

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

Student Objectives:

Explain the science behind the green-
house eftect and rising global tempera-
tures

Investigate current and historic carbon
dioxide trends

Understand the impacts of climate
change on living communities

Assess personal carbon emissions
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PENALTIES APPLY

Analyze the benefits and consequences
of using various fuel sources

Understand the impacts of climate
change on societies and environments in
different parts of the world

Explore environmental justice issues
related to climate change

Describe some economic solutions to
climate change

Debate climate change policy from
multiple viewpoints

Brainstorm and discuss personal and
structural solutions to 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

CLIMATE CHANGE
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Greenhousg Gas
Investigations

‘Through an experiment,
students explore Earth’s greenhouse effect.
Students graph results of 3 scenarios to draw

conclusions about how greenhouse gases

affect air temperature.




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

e Standard F: Science in Personal and
Social Perspectives

Vocabulary

+ greenhouse effect—process by which
certain gases in Earth’s atmosphere trap
energy from the sun (as infrared radia-
tion, or heat) that has been reflected off
Earth's surface; this process warms the
earth’s surface

+ greenhouse gas—any gas in the atmo-
sphere capable of absorbing infrared ra-
diation (heat) reflected from the earth's
surface

abueyd arewi|d



I facing the future

Materials/Preparation

‘Thermometers, 3 per group of 4-5 stu-
dents

Glass containers (e.g., jars, beakers, tum-
blers), 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

GREENHOUSE GAS INVESTIGATIONS

Introduction

. 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.)

. 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.

. 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 1
Know. What I Want to Know. What I
Learned.).



GREENHOUSE GAS INVESTIGATIONS

4. Ask students if they can name any

greenhouse gases. What are some
sources of these gases?

Note: You may want to write gases and
sources on the board as students name
them. Or, write the following green-
house gases and their sources on the
board as an introduction to some of the
major greenhouse gases:

a. Water vapor—evaporation (from
Earth’s natural water cycle)

b. Carbon dioxide (CO,)—burning
tossil fuels and plant matter,
deforestation, volcanic eruptions

c. Methane (CH,)—decomposition/
decay, livestock waste, decomposing
waste in landfills

d. Nitrous oxide (N,O)—fertilizer
production, burning fossil fuels and
wood, agricultural soil processes
(nitrification and denitrification)

e. Synthetic gases (e.g., fluorinated
gases, CFCs)— industrial processes,
manufacturing

Steps

1. Divide the class into groups of

4-5. Each group should have 3
thermometers, 3 identical glass
containers, 2 small pieces of plastic cling
wrap (optional), 1 paper towel, and 1
piece of graph paper.

Make sure all thermometers read

the same temperature. Within each
group, 3 people are responsible for
taking temperature readings on the 3

thermometers every minute. A fourth
student is responsible for writing down
the data.

Directions for each group: Either in

a sunny spot (a window sill receiving
direct sunlight, an open sidewalk,

etc.) or under a heat lamp, place 1
thermometer in an uncovered glass
container. Place 1 thermometer in a
second glass container and cover the top
of the container with plastic wrap (if
you are using a jar or drinking glass, you
can dispense with the plastic wrap by
simply turning the glass upside down).
Place 1 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 (or turn it upside down, if you did
this for the other container).

Note: This last scenario with the damp
paper towel has been shown to have the
most variability in the classroom. To
demonstrate the ability of water vapor
to retain heat most effectively, warmer
temperatures are required.

Y
W
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I facing the future

Ask students to predict which 9.

environment will be the warmest after
20 minutes.

Instruct students to take initial readings
from all 3 thermometers and record this
information in the data table.

Students continue collecting and 1.

recording temperatures every minute
for 20 minutes, recording temperatures
in the data table. (The covered/damp

container should become the warmest,

and the uncovered container should 2.

remain the coolest.)

Next, tell students to move the
thermometers away from the

heat source, keeping the covered
thermometers covered. Ask students to
observe which environment retains the
most heat and which temperature drops

the fastest. (The covered containers 3.

should retain more heat. The uncovered
container should lose heat fastest.)

Instruct students to graph all 3 scenarios
(uncovered, covered/dry, and covered/
damp) on a single graph. Students can
use 3 different colored pens to graph, or
use symbols on each line to differentiate

between the 3 treatments. Alternately, 4.

students can use a computer graphing
program.

GREENHOUSE GAS INVESTIGATIONS

After groups have completed graphing
the experimental data, begin a class
discussion using the following reflection
questions.

Reflection

What factors were “controlled”
(identical for all 3 treatments) in this
experiment? Why would we be unable
to trust the results of the experiment if
these variables were not controlled?

If the thermometers in the covered
glass containers did NOT indicate
higher temperatures than the uncovered
thermometer, what factors could have
produced your results? Explain any
possible sources of error or things you
would do differently if you tried the
experiment again.

Gases in Earth’s atmosphere, such

as carbon dioxide, act much like the
glass did in this experiment. Why did
temperatures increase in the covered/dry
container more than in the uncovered
container? How do you think increasing
amounts of carbon dioxide will affect
temperatures on Earth?

Water vapor is a natural greenhouse
gas. How does water vapor aftect
air temperature? How do you think
temperature would be affected by
adding other greenhouse gases?



GREENHOUSE GAS INVESTIGATIONS

5. Many greenhouse gases, including some
that occur naturally, are produced as a
result of human activities. Predict what
will happen to temperatures on Earth
it we continue to add more greenhouse
gases to Earth’s atmosphere.

6. How can we lessen our impacts on
Earth’s climate?

Writing Extension

Have students write a brief research paper
to explain how different activities are linked
to various greenhouse gas emissions. Tell
them to be specific when explaining how

activities generate greenhouse gas emissions.

For example, why does burning a forest
result in carbon dioxide emissions? How
does raising livestock contribute to methane
emissions?

In small groups, have students create an ex-
periment or activity to help young children
understand the greenhouse effect. Have
students test and improve upon their ideas.
Partner with younger student buddies or a
local elementary school so that the students
can see these activities in action.

Websites

http://www.climateclassroom.org—
The National Wildlife Federation
(NWF) has put together an online Cli-
mate Classroom. Here, you can down-
load their excellent slideshow, “What’s
Up with Global Warming?”

http://lwf.ncdc.noaa.gov/oa/climate/
gases.html—The National Climatic
Data Center, a division of the National
Atmospheric and Oceanic Administra-
tion (NOAA), provides basic informa-
tion about specific greenhouse gases,
sources, and trends.

http://www.epa.gov/climatechange/
emissions/index.html—The U.S. En-
vironmental Protection Agency (EPA)
climate change website gives an over-
view of greenhouse gases, greenhouse
gas inventories, and emission trends and
projections.
http://gaw.kishou.go.jp/wdcgg/gas.
html—The World Data Centre for
Greenhouse Gases, a website main-
tained by the Japan Meteorological
Agency, provides basic information on
numerous greenhouse gases.

http://www.greenhouse.gov.au/edu-
cation/factsheets/what.html—The
Australian Greenhouse Office is a gov-
ernment initiative that provides infor-
mation for students on the greenhouse
effect and different greenhouse gases.
Short student “fact sheets” are included.

abueyd arewi|d
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GROUP MEMBERS

Hypothesis

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

Procedures

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

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.
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Time (minutes) Temperature (°Celsius)
Uncovered Covered/Dry Covered/Damp

O 0 N O L1 A W N = O

Results

Which environment warmed the most?

After you removed the containers from the heat source, which one retained the most heat?



Carbon Dioxide
Trends

Students graph data to examine
seasonal and long-term atmospheric carbon
dioxide trends over the past 45 years. They will
predict future carbon dioxide emissions based
on the graph. Students also examine graphs of
historical temperature and carbon dioxide data.
'The activity closes with a discussion of ways to

reduce carbon dioxide emissions.
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Inquiry/Critical Thinking Questions
e What are some activities that emit car-
bon dioxide into Earth’s atmosphere?

*  What have been the major trends in
atmospheric carbon dioxide levels?

*  How is carbon dioxide related to tem-
peratures on Earth?

*  How can we reduce future carbon diox-
ide emissions?

Objectives

Students will:

* Identify processes that contribute to
carbon dioxide emissions

*  Graph carbon dioxide emissions
* Predict future carbon dioxide trends

*  Assess the relationship between at-
mospheric carbon dioxide and global
surface temperatures

*  Brainstorm ways to reduce carbon diox-
ide emissions

Time Required

50 minutes

Key Concepts

e Carbon dioxide emissions

e  Greenhouse effect

Subject Areas

*  Science (Life, Environmental, Physical,
Earth)

e Mathematics

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

Materials/Preparation

*  Graph paper, 1 sheet per student pair
(alternately, use a graphing program
such as Microsoft Excel)

* Handout: CO, Dataset, 1 per student
pair

*  Opverhead: long-term carbon dioxide
and temperature trends

abueyd arewi|d



IE facing the future

Introduction

1. Ask students to recall which gases

are involved in the greenhouse effect.
(water vapor, carbon dioxide, methane,
and nitrous oxide, along with man-
made gases) Tell students that today
they’ll be exploring historical trends in
carbon dioxide emissions. Explain that
carbon dioxide (CO,) is an important
greenhouse gas that has been linked to
many human activities.

. Ask students if they can name some

activities, human or otherwise, that
might add CO, to our atmosphere.
(burning fossil fuels, cutting trees,
burning wood, and cellular respiration

all release CO,)

Steps

1. Divide the class into pairs.

2. Give each pair 1 sheet of graph paper

and 1 C02 dataset.

Note: This dataset from Mauna Loa is
the most complete and accurate CO,
dataset in the world. CO, is measured in
parts per million; 316 parts per million
means that for every 1 million particles
in the atmosphere, 316 of those are
carbon dioxide molecules.

Have students graph the data. (Year
should be on the x-axis and CO,
emissions on the y-axis. The scale should
be appropriate for the data.) Students

CARBON DIOXIDE TRENDS

can use a computer graphing program as
an alternative to graphing by hand.

Lesson Variation: To shorten this activ-
ity, have students only graph the num-
bers for May.

. Ask students to predict an average

carbon dioxide concentration for the
year 2020 and put a star on their graph

to represent that number on their graph.

Reconvene the class to view and

discuss the graphs from the Woods
Hole Research Center on historical
temperature and CO, trends. Ask
students to explain what they see in
these graphs. Where is the Mauna Loa
data shown in these graphs? When does
the most recent warming trend begin?

. Bring the class together for a discussion

using the following reflection questions.

Reflection

1. What might account for difterences in

the CO, concentrations measured in
May and October of each year? (Lower
values represent increased CO, uptake
during the summer when plants are
photosynthesizing more; high values
represent decreased photosynthesis
during the winter.)

. How could we take advantage of those

natural periods of increased CO2



CARBON DIOXIDE TRENDS

uptake to reduce overall C02 in our
atmosphere?

. Based on the data shown on your graph,

Robert Krulwich’s 5-part cartoon
series, Global Warming: It’s All About
Carbon. These 5 short films explain in

abueyd arewi|d

simple yet humorous ways the role of
carbon in climate change. http://www.
npr.org/news/specials/climate/video/

*  “The One Degree Factor,” Episode 2 of
the Strange Days on Planet Earth series,
National Geographic, 2005, http://www.
pbs.org/strangedays. This 60-minute
episode narrated by Edward Norton
explores the impact that climate change
has on our lives and what we can do to
slow rising temperatures.

what do you think the carbon dioxide
concentration will be in the year 2020?

4. Why do you think carbon dioxide levels
have continued to rise during the past
45 years?

5. What types of activities might raise
carbon dioxide levels even faster?

6. How do you think this will affect
Earth’s climate? Predict how your life
will be different if this climate change
occurs.

7. What types of actions can we take to Websites

.. s .
lower our carbon dioxide emissions: «  hetp://www.climatehotmap.org—

Global Warming: Early Warning Signs
is a world map showing regional eftects
of climate change. Information was
compiled by the Union of Concerned
Scientists. Impacts shown are based on
the latest scientific findings.

History Extension

For the years 1880-2000, assign students

to a particular 10-20 year period (e.g.,
1900-1910). Have students, either individu-
ally or in small groups, research trends in
industry, technology, and politics during .
their assigned time period to examine what
specific activities might have contributed to

http://www.whrc.org/resources/
online_publications/warming_earth/
index.htm—The Warming of the Earth:
A Beginner’s Guide to Understand-

ing the Issue of Global Warming is

an online publication by the Woods
Hole Research Center that explains the
greenhouse effect, scientific evidence,
causes, and potential outcomes.

climate change.

Video

*  Climate Connections, a partnership
between National Public Radio (NPR)
and National Geographic, features



May CO, October CO, May CO, October CO,
YEAR (parts per million) (parts per million) YEAR (parts per million) (parts per million)

1958 3175 1958 3175
1959 3183 3133 1959 3183 3133
1960 320.0 3138 1960 320.0 313.8
1961 320.6 3153 1961 320.6 3153
1962 321.0 3154 1962 321.0 3154
1963 3222 316.0 1963 3222 316.0
1964 3222 316.9 1964 3222 316.9
1965 3222 3173 1965 3222 317.3
1966 3241 318.1 1966 324.1 318.1
1967 325.0 3194 1967 325.0 319.4
1968 3256 3203 1968 325.6 320.3
1969 3274 321.8 1969 3274 3218
1970 328.1 3231 1970 328.1 3231
1971 3289 3236 1971 3289 3236
1972 330.1 325.2 1972 330.1 325.2
1973 3325 327.2 1973 3325 327.2
1974 3331 3274 1974 3331 3274
1975 334.0 3283 1975 334.0 3283
1976 3349 3289 1976 3349 3289
1977 336.7 331.2 1977 336.7 331.2
1978 338.0 3325 1978 338.0 3325
1979 3395 3339 1979 3395 3339
1980 3415 336.0 1980 3415 336.0
1981 3429 336.9 1981 3429 336.9
1982 3441 3379 1982 3441 3379
1983 3458 340.0 1983 345.8 340.0
1984 347.4 3414 1984 347.4 3414
1985 348.9 342.8 1985 3489 342.8
1986 350.2 344.2 1986 350.2 344.2
1987 351.8 346.4 1987 351.8 346.4
1988 354.2 3489 1988 354.2 3489
1989 355.7 350.0 1989 355.7 350.0
1990 357.2 351.2 1990 357.2 351.2
1991 359.3 352.2 1991 359.3 352.2
1992 359.7 3533 1992 359.7 353.3
1993 360.3 354.0 1993 360.3 354.0
1994 361.7 356.0 1994 361.7 356.0
1995 363.8 357.8 1995 363.8 357.8
1996 365.4 359.6 1996 365.4 359.6
1997 366.8 360.8 1997 366.8 360.8
1998 369.3 364.2 1998 369.3 364.2
1999 371.0 365.1 1999 371.0 365.1
2000 371.8 366.7 2000 371.8 366.7
2001 374.0 368.1 2001 374.0 368.1
2002 375.6 370.2 2002 375.6 370.2
2003 3784 373.0 2003 3784 373.0
2004 380.6 374.2 2004 380.6 374.2
From: Keeling, C. D. and T. P. Whorf. 2005. Atmospheric CO, records from sites in From: Keeling, C. D. and T. P. Whorf. 2005. Atmospheric CO, records from sites in
the S10 air sampling network. In Trends: A Compendium of Data on Global Change. the S10 air sampling network. In Trends: A Compendium of Data on Global Change.
Carbon Dioxide Information Analysis Center, Oak Ridge National Laboratory, U.S. Carbon Dioxide Information Analysis Center, Oak Ridge National Laboratory, U.S.

Department of Energy. http://cdiac.ornl.gov/trends/co2/sio-mlo.htm Department of Energy. http://cdiac.ornl.gov/trends/co2/sio-mlo.htm









FACING THE FUTURE

Student
Reading

Justice

Just as climate change does not
affect all places in the same way, it does not af-
fect all people in the same way either. Many en-
vironmental hazards, such as water pollution and
drought, impact the lives of poorer people to a
greater degree. Climate change is no exception.
'The world’s poorest people are likely to be the ones
most affected by climate change.



Poor communities are disproportionately
affected because they often rely heavily
on resources such as local water and food,
which are vulnerable to the impacts of cli-
mate change. They tend to have less access
to resources from elsewhere and a reduced
ability to cope with or adapt to climate
change. Climate change can intensify exist-
ing stresses on low-income populations,
such as population growth, poverty, improp-
er land use, and pollution.

'The irony of the disproportionately large
effect of climate change on developing
countries is that they contribute the least to
climate change on a per person basis. Low-
income populations typically have smaller
carbon footprints than wealthier popula-
tions. They consume fewer manufactured
goods and use less energy for home and
travel.1

Health Effects

According to the Intergovernmental Panel
on Climate Change (IPCC), climate change
is already contributing to diseases and pre-
mature deaths. Negative effects of climate
change on human health disproportionately
affect low-income countries. Certain subsets
of low-income populations, such as children
and elderly persons, are most susceptible
to climate change impacts.3 The World
Health Organization estimates that the
150,000 deaths per year currently attributed
to climate change will double by 2030.4

Malnutrition poses a major risk to health.
'The primary cause of malnutrition is lack
of availability of staple foods.5 Climate
change may affect food production by caus-
ing water scarcity, salinization of soils, in-

CLIMATE JUSTICE

creased frequency and/or intensity of storms
and floods, and increased numbers of pests
and plant diseases.6 Climate change may
exacerbate difficult crop growing conditions
in arid regions of Africa and other environ-
mentally sensitive areas. Small farmers and
fishermen and the urban poor will be most
impacted.

Diarrheal diseases, which can cause dehy-
dration and death, are especially common in
developing countries. (Developing coun-
tries are defined as those with a per person
annual income of $6000 or less.) Diarrhea
is often caused by bacteria and protozoans,
which can thrive in warmer temperatures.
Temperature increases in Peru and Fiji have
led to reported increases in diarrhea.”

There are many other ways that climate
change may impact human health. For

B 'ow-income countries
[l middle-income countries

high-income countries

High-income
countries
contribute
most to the
world's CO,
emissions from
fossil fuel use.2
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Hurricane Katrina
flooded New
Orleans, forcing
thousands of
people to leave
their homes

Poor communities
are often greatly
impacted by
environmental
changes. Photo
by Kim Rakow
Bernier
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example, an increase in infectious and
vector-borne diseases, such as malaria, has
been observed in countries such as Panama,
Bolivia, and India. Injury and death due

to heat waves and droughts have also been
observed in many places.8

Human Migration

In addition to health effects, some people
are becoming “environmental refugees,”
displaced from their homes due to envi-
ronmental changes. Many gradual environ-
mental changes have been linked to climate
change. Desertification, reduced freshwater
availability, and rising sea levels can all force
people to leave their homes.?

Some island nations have experienced
internal migrations due to environmental
factors. People in Kiribati, the Maldives, Tu-
valu, and the Solomon Islands have moved
from low-lying islands to neighboring is-
lands that are farther above sea level. As sea
levels rise, further migration to higher lands
may occur.10

“Climate refugees,” as they are sometimes
called, are not always people from develop-

ing or small island nations. During the last
35 years, hurricane frequency and intensity
has increased, possibly due to warmer global
temperatures.11 It is estimated that 250,000
people in the United States became climate
refugees in 2005 after Hurricane Katrina
forced them from their homes.12 Now that

approximately half of the world’s population
lives in coastal areas, more people may be-
come climate refugees as hurricane activity
increases.

Adaptation Strategies

Many strategies have been suggested, and
some have already been implemented, to
adapt to climate change. Slowing popula-
tion growth can mitigate effects of climate
change. Changes in cropping patterns, such
as planting earlier in the season and plant-
ing crops better adapted to new climate
conditions, is another adaptation strategy.13
Some communities, especially those in
low-lying areas, may adapt by migrating to
a more favorable environment.14 Numer-
ous other adaptation strategies will emerge
as populations face the diverse effects of
climate change.
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Vocabulary

desertification—the onset of desert-like conditions, including reduced groundwater and vegetation
developing countries—countries with a low per person income
justice—the fair and moral treatment of all persons

malnutrition—the condition of lacking proper nutrients for normal body functioning

Checking for Understanding

1. Why do you think malnutrition is considered by the World Health Organization (WHO) to be
the most important factor aftecting human health? What additional problems could result from
large numbers of people becoming malnourished?

2. Name some consequences (including economic, social, or environmental consequences) that might
result from increased migration due to rising sea levels and changing environmental conditions.

3. Why do you think slowing population growth has been suggested as one way to reduce the im-
pacts of climate change on human populations? What are some humane ways to reduce population
growth?

4. While many communities are finding ways to adapt to climate change, we can all be proactive in
preventing future climate change. In what ways can populations especially vulnerable to climate
change prepare for increasing temperatures, rising sea levels, and other effects of climate change?

1Randy Poplock, “The poor are hit hardest by climate change, but contribute the least to it,” Seattle Post-Intelligencer, August 19, 2007.

2WWF, Living Planet Report 2006 (Gland, Switzerland: WWF - World Wide Fund For Nature, 2006). www.panda.org/livingplanet.
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Student Before you start to feel overwhelmed
eading

about our rapidly changing climate, first learn

more about what is being done to combat climate

change. Each one of us can take positive steps to

slowing climate change on Earth, and many peo-

Seattle Mayor Greg Nickels launched the UsS. ple have already begun to work together to make
Mayors' Climate Protection Agreement. . . .
Photo courtesy of the City of Seatle. positive changes. Whether undertaken by business
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A good way to get involved in local, national, and
even international efforts to address climate change
is to learn more about the issues

and to contact government representatives

with your concerns and ideas

owners, mayors, members of a citizen’s
group, or United Nations representatives,
efforts at local, national, and international
levels have begun to stabilize our climate
and reduce the impacts of climate change
on citizens. By collaborating with people all
over the globe, we can have a much greater
impact than we can alone.

As you read these examples of groups tak-
ing action on climate change, don't forget
that you can join their efforts to be part of
the solution!

International Collaboration

'The most famous international initia-
tive addressing global climate change is the
Kyoto Protocol.1 The Protocol was officially
adopted December 11,1997, in Kyoto,
Japan. To date, 175 nations have ratified the
document, pledging to abide by its targets
for reducing greenhouse gas emissions. The
Protocol calls for a reduction in greenhouse
gas emissions to at least 5% below 1990
levels, to be completed during the period
2008-2012.

'The Kyoto Protocol outlines a number of
ways to cut greenhouse gas emissions. Some
of these include:

* Increasing energy efficiency—getting
more energy from less fuel

* Preserving and enhancing carbon sinks
(for example, oceans and forests)

*  Promoting sustainable forestry—har-
vesting trees in such a way that forests
continue to thrive

*  Promoting sustainable agriculture—
reducing soil tillage and water use

* Developing renewable energy sources
(for example, solar, wind, and geother-
mal power)

* Reducing subsidies for greenhouse
gas-emitting activities—making it less
economically advantageous to pollute

* Limiting greenhouse gases from trans-
portation — reducing emissions from
cars, airplanes, and other means of
transportation

CLIMATE CHANGE



The Kyoto Protocol
promotes the use
of sustainable
agricultural
methods and

the protection of
forests.

Photos by Laura
Skelton
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Unfortunately, the Kyoto Protocol itself
is not able to stop climate change, but it
can certainly help to slow the rate of cli-
mate change. Some of the world’s largest
greenhouse gas producers have not agreed
to meet the emissions reductions outlined
in the Kyoto Protocol. Others who signed
the Protocol may not actually be able to
meet its goals. Even if all countries agreed
to work toward the goals of the Protocol,
greenhouse gas emissions would still be
increasing. That’s why it’s important to take
action at a national and local level, as well.

Local Adaptation

Local entities, such as cities and states,
are not officially part of the Kyoto Proto-
col. However, some local governments have
opted to meet Kyoto targets themselves. In
2005, Greg Nickels, the mayor of Seattle,
Wiashington, launched the U.S. Mayors’
Climate Protection Agreement. Hundreds
of U.S. mayors have since signed on to the
agreement, pledging to meet Kyoto targets
for greenhouse gas emissions in their own

communities.2 Citizens can urge their local

government to join this effort by visiting the
Cool Cities website: http://coolcities.us.

Other local climate change agreements
have emerged in the U.S. and abroad.
Several western U.S. states and Canadian
provinces have joined the Western Climate
Initiative, which aims to reduce greenhouse
gas emissions to 15% below 2005 levels
by 2020.3 In the UK, the government of
London has launched the London Climate
Change Partnership. This group of more
than 30 organizations is “helping London
prepare for the impacts of climate change.”#
Many other groups around the world are
working to mitigate and adapt to climate
change in their local communities.

Strategies for Business and
Industry

Many companies are taking steps to
reduce their carbon footprints, often by
using renewable energy or implement-
ing energy-efficient technology. This can
benefit companies by saving them money
they would have otherwise spent on excess



energy. Businesses also benefit when they
are publicly recognized for reducing their
contributions to climate change. Wal-Mart
is one such business trying to reduce its
environmental impacts by reducing prod-
uct packaging and increasing the energy-
efficiency of its stores and trucks. Accord-
ing to CEO Lee Scott, these changes will
save Wal-Mart money.> What company
wouldn’t want to save money?

An altogether different approach for busi-
nesses is to reduce greenhouse gas emissions
through emissions trading. A cap and trade
system starts with a mandatory limit on
total emissions, such as the limits outlined
in the Kyoto Protocol. Businesses that are
below their maximum allowed emissions
(called allowances) may sell their extra
allowances to businesses that are above
the limit. In many cases, it is cheaper for a
company to buy allowances from another
business than to make the reductions within
their own company.

There are many alternatives to a cap and
trade system. For example, a “carbon tax”
would require people or businesses to pay a
tax on activities such as burning fossil fuels
that emit greenhouse gases. Also, businesses
may be required (usually by a government
mandate) to use specific technologies to re-
duce emissions or to meet specific environ-
mental performance standards. Refrigerator
manufacturers were required to meet energy
standards set by the California Energy
Commission in the 1970s.6 Car manufac-
turers are often required to meet certain
tuel-efficiency standards so that cars achieve
a minimum number of miles per gallon.

Individual Action

Some people are trying to reduce their
carbon footprint by participating in emis-

WHAT’S HAPPENING OUT THERE?

sions trading. Individuals can “balance out”
the carbon emissions produced when they
drive a car or fly in an airplane by investing
money in projects that offset these carbon
emissions. A carbon offset is like a counter-
balance — it balances out your personal CO,
emissions by reducing them elsewhere. For
example, you can buy carbon offsets from
private companies that spend your money
on projects like preserving forests or build-
ing wind farms. In 2006, offset companies
sold greenhouse gas reductions equivalent
to 14.8 million tons of CO,.7 That sounds
great, but don't forget that we actually emit
7 billion of tons of CO, each year. Many

people agree that it is easier (and cheaper)

One way you can
shape the future
is by educating
others about
climate change
and encouraging
them to vote

for policies and
politicians who
will work to reduce
climate change.
Photo by Leah
Barrett
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WHAT’S HAPPENING OUT THERE?

to emit less CO, to begin with.

As with any attempted fix, there are prob-
lems that must be addressed if carbon trad-
ing systems are to create real change. Cur-
rently, there is no system in place to make
sure that the same carbon offsets aren’t sold
more than once. Also, it is difficult to verify
that all of the projects advertised to offset
emissions are actually being implemented
and that they are indeed reducing carbon
emissions.8

Vocabulary

'There are countless other ways that indi-
viduals can join government and business
initiatives to positively affect the climate. A
good way to get involved in local, national,
and even international efforts to address
climate change is to learn more about the
issues and to contact government represen-
tatives with your concerns and ideas for so-
lutions. Elected officials rely on your input
to make decisions that affect us all.

cap and trade system—a system in which a regulatory agency (usually a government) sets a cap, or
limit, on total greenhouse gas emissions allowed by industry; those who exceed their allowable limit
can buy emission allowances from others who are below their limit

carbon offset—a voluntary payment by an individual or company to compensate for its greenhouse gas
emissions; the money is usually spent in a way that balances the emissions (for example, by protecting
forests, which are carbon sinks)

Checking for Understanding

1. Do you think that local climate change initiatives are as important as international initiatives?

Why or why not?

2. Why do you think many businesses prefer a cap and trade system to other means of reducing
greenhouse gas emissions?

3. What might be a more effective way to help businesses make a positive contribution to the envi-

ronment?

4. Do you think carbon offsets are a good way to reduce our negative climate impacts? Why might
these offsets not be feasible for everyone?

5. What ideas do you have for working to reduce climate change impacts within your own commu-
nity? What groups in your community could you work with?

FACING THE FUTURE
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Student Pre-Assessment

Name

Multiple Choice

Circle the letter of the correct answer(s). If more than
one answer is correct, circle all correct answers.

1. The process that keeps Earth warm when
gases in Earth’s atmosphere trap heat energy
from the sun is called the

a. glasshouse effect
b. greenhouse effect
a. ozone effect
2. Which of the following is NOT a fossil fuel?
a. firewood
b. natural gas
c. petroleum oil

d. coal

3. In which of the following ways can climate
change affect human communities?

increased rate of disease transmission

o

b. reduced availability of drinking water

c. reduced number of deaths related to
cold weather

d. change in farming seasons
e. migration away from coastal areas
4. Which of the following are greenhouse gases?
a. carbon dioxide (CO,)
b. hydrogen (H,)
c. nitrous oxide (N,0)
d. methane (CH,)
e. ethane (C,H))

5. During the past century, average temperatures
on Earth have

a. increased
b. decreased

c. stayed about the same

6.

Which of the following actions can reduce
your impact on the climate?

travel more often to other countries

P

b. eat more food from different countries

c. live farther away from where you go to
school

d. turn off your computer when you are
not using it

Short Answer

Answer the following questions in complete sentences.

7.

10.

When you hear the words “climate change,”
what is the first thing that comes to your
mind?

A carbon footprint is a measure of your
impact on the climate. The more you
contribute to climate change, the larger your
carbon footprint is. Explain why you think
your carbon footprint is large or small.

What are some possible obstacles to taking
action on climate change? (List at least one.)

What are some possible negative
repercussions of 7oz taking action on climate
change? (List at least two.)



Week 1 Assessment: Quiz

Name

Multiple Choice

Circle the letter of the correct answer(s). If more than

one answer is correct, circle all correct answers.

1. What process keeps our planet warm when

gases in the atmosphere trap heat energy from

the sun?
a. climate change effect
b. greenhouse effect
c. glasshouse effect

2. How does an increase in carbon dioxide
(CO,) in the atmosphere affect average
temperatures on Earth’s surface?

a. an increase in C02 tends to increase
temperatures

b. an increase in CO2 tends to decrease
temperatures

c. an increase in C02 does not affect
temperatures

3. What is the cheapest way to reduce
greenhouse gas emissions from energy use?

a. wind energy—build more wind tur-
bines

b. nuclear power—build more nuclear
plants

C. energy conservation—use less energy

d. hydropower—build dams to generate

electricity from moving water

4. Which of the following energy sources are
renewable resources that are alternatives to
fossil fuels?

a. hydropower C.

b. coal

natural gas

d. wind energy

Short Answer

Answer the following questions in complete sentences.

10.

How would you explain “climate change” to
someone who has never heard of it?

Name and describe three ways that climate
change can affect ecosystems or organisms
within those ecosystems.

What information does a carbon footprint
give your

Once the carbon footprint of a person or a
business has been calculated, how can you use
this information?

Name three activities you do or things that
you use that contribute to climate change.
Explain how they contribute to climate
change.

‘Think about how you can make a positive
contribution to climate change instead—what
are some low-impact alternatives to the three
activities or things you just listed?



A e

A

Student Pre-Assessment—Teacher Master

b

a
a,b,c,d, e
a,cd

a

d

Week 1 Assessment: Quiz—Teacher Master

b
a
c
a,d

Climate change refers to any change in average weather over time, whether due to natural factors or
human activities.

Refer to Activity 3 (“Effects of Climate Change on Living Things”) for specific ideas.

A carbon footprint is a way to measure your impact on the climate. It indicates the amount of
p y y p
greenhouse gases your activities produce.

By measuring your carbon footprint, you can see the relative impact of your activities on climate
change. This can help you to make informed choices in the future, by considering how your activities
affect your carbon emissions.



Week 2 Assessment: Essay

Student Instructions

WRITE A 5-PARAGRAPH ESSAY explaining the interconnections of climate change.
Make sure to answer the following questions in your essay:
*  How does climate change affect different locations in different ways?

*  How can climate change impacts in one place also have an impact on another, distant loca-
tion?

* How and why are low-income populations affected by climate change to a greater degree
than high-income populations?

*  What is one strategy for people to adapt to climate change?
*  What is one strategy for us to prevent future climate change?

Each paragraph in your essay should contain at least 5 sentences. The essay should start with an intro-
ductory paragraph and end with a concluding or summary paragraph. Think about how you can answer
the questions above in a single essay. Be sure to use correct grammar, including complete sentences and
punctuation, as well as correct spelling.

Assessment Rubric

Assessment 3 Exceeds Expectation | 2 Meets Expectation | 1 Needs Improvement
Component

All 5 questions are At least 4 questions are  Not all questions were
answered thoughtfully answered, but essay is  answered in the essay.

Content

and completely.Ildeas  notasclearasitcould  Writing is difficult to
are communicated be. understand; ideas are
clearly, for any audi- not fully expressed.
ence.
All grammar (sentence  There are afew gram-  Most of the essay

Grammar and Spelling structure and punctua- mar or spelling mis- contains grammar and
tion) and spelling are takes. spelling mistakes.
correct.

Alternative Assessment

For students who express themselves better in spoken word than in writing, assign the same questions to
be answered in a 3-minute speech given to the class. Rather than assessing students’ writing skills (includ-
ing grammar and spelling), assess their verbal communication skills.



Summative Assessment

Small Group or Individual Work

Review the Carbon Footprint Assessment Rubric.

'Think of one thing you use every day that you think contributes to carbon dioxide emissions. Here are
some ideas:

* afood item
* amode of transportation
* afavorite object (toy, sports equipment, book, etc.)

* a piece of clothing

Draw that item in the center of a large sheet of paper or a poster.

'Think of what it took to produce that item:

*  What parts is it made of?
*  What materials are those parts made of?

+ Did the production of the item result in greenhouse gas emissions (methane, carbon dioxide, or
nitrous oxide)?

* Did any part have to be transported from somewhere else?

*  Wias energy used to make it?

* Were carbon sinks (like oceans, soils, or forests) harmed to make it?

Now, draw these connections around your central picture, starting with the parts your item is made of.
For example, a hamburger is made of a meat patty, a bun, lettuce, and tomato. Your hamburger picture
would be in the center of the page. Surrounding it would be pictures of the meat, bun, lettuce, and
tomato. Draw lines to connect these parts to the central picture.

Now think about what each of those parts are made of and what was required to make them.

To produce the meat, forest land might have been cleared for grazing (that releases CO, to the
atmosphere). Cows release methane, which is another greenhouse gas. To drive the cow from a

pasture to a feedlot required transportation, which relies on fossil fuels (which release CO,). More
transportation was required to drive the cow from the feedlot to a slaughterhouse (more CO, released).
'The meat might have been wrapped in plastic, which comes from petroleum, a fossil fuel that releases
greenhouse gases....

You get the picture!

Once you have finished, your entire sheet of paper may be covered with ways in which the item you
chose contributes to climate change.

At the bottom of your beautiful work of art, list 5 ways that this item could be produced (or used) in a
more climate-friendly way.



Assessment 3 Exceeds Expectation | 2 Meets Expectation | 1 Needs Improvement
Component

Connections At least 5 realistic con-  3-4 realistic connec- 0-2 realistic connec-

‘ nections are provided.  tions are provided. tions are provided.
connections between

the item (and its com-
ponent parts) and
greenhouse gas emis-
sions

Solutions 5 ideas are provided. 3-4 ideas are provided.  0-2 ideas are provided.

ideas for producing the
item in a more climate-

friendly way
Presentation [llustrations are easy to lllustrations are easy Little effort was put into
) ] understand. Graphics  to understand, but illustrations. Poster is
poster |IIustrat|ons and are creative and eye- the poster may notbe  sloppy.
design catching. entirely creative or eye-

catching.





