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FORWARD

This curriculum helps teachers better prepare students to
inherit the age in which we live. Building upon whatever
levels of curiosity, creativity, and compassion teachers find
within each student, teachers can heighten the capacities
for individual achievement across the curriculum. By
extension, they can also lay the foundation for future
milestones that will influence the well-being of our planet
and its many species, including our own.
The United Nations Environment Programme’s Regional
Office for North America challenges teachers to work
together to achieve the goals of this curriculum, and to
engage every student as a Climate Change Agent.

Amy Fraenkel
Director

United Nations Environment Programme
Regional Office for North America
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Student Reproducible

Climate change snuck up on us over the
past century perhaps because the human love
of nature bent to the love of human nature.
Is this a true statement? You decide. Ralph Waldo Emerson, in a moment of
unveiled anthropomorphism, called nature “the immense shadow of man.”
The glory of civilization lies in those moments when the interconnectedness
was woven in both directions. Navajo legend says:
In the skin of our fingers
We can see the trail of the wind;
It shows us where the wind blew
When our ancestors were created.
Olive Schreiner, writing near the turn of the last century, in South
Africa, noted:
There on the flat stone, on which we so often have sat to weep and pray,
we looked down, and see it covered with the fossils footprints of great birds
and the beautiful skeleton of a fish. …We have been blinded by thinking and
feeling that we have never seen the world.
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introduction

(Please Read Aloud with Your Class)

Deep in the heart of humanity, this longing to
connect with nature does drive us to want to
see the world. John Muir knew this well. A lone
immigrant shepherd who could spend weeks
contemplating the mystical aspects of a glacial
mountainside in Northern California, doused
by thunderstorms, boulders for his pillow, he
still urged the ladies in tipsy stagecoaches and
trailing petticoats to venture up those slopes.
He winked and reminded them “that which
you love, you will protect and preserve.” Muir
seemed to know that taming the character is
better for the planet than taming the land.
The contest between filling our species’ shortterm needs and planning for the earth’s
long-term trajectory places an especially bold
challenge in the lap of the learned and the
learners in the 21st century. At a time when
the subtleties of nature speak less subtlety than
at any time in recorded history, reaping havoc
with weather patterns and altering the life span
of various species; at a time when nature’s
tolerance for human intervention has reached
a tipping point, the path to progress still begins
with a walk through nature. Let your students
begin their studies here.
Too many children in the developed world spend
long days inside, losing the once strong bond with

nature and the resulting desire to “connect and
protect.” As we grow, we spend hours on tight
schedules and must complete most of our research
on computers, having only “virtual” experiences,
to some extent forfeiting nature’s ability to
stimulate what Richard Louv called the eighth
intelligence in his book Last Child in the Woods.
Now we must restore that inteligence. We must
make sure that every emerging human being
not only understands nature but cherishes it
and realizes the extent to which its vitality lies
in peril. More than that, all must believe their
own capacity and responsibility to restore health
to the planet through collective action. This
is our hope for the future. As you engage in
projects that take you to the computer lab, the
science lab, the library, the art or music room,
the neighborhood, the museum and the streets
of your city, remember to start each day with a
walk. Take a journal. Stop somewhere and record
what you see. Think about tomorrow. Plan ways
to participate in the concept of a sustainable
tomorrow. Be part of the generation who does
not live for today but lives for your children’s
children, but connecting and protecting
whatever small piece of nature you can find
today. Reach out and touch it. Let it touch
you. This is the beginning of your sojourn as a
climate change agent.
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Hold onto your hat. The winds of change are coming, and you can help
your students choose their direction. This curriculum has been designed
to ignite the enthusiasm of students, whether used as an intensive
curriculum, as the primary tool for teaching content, or as a supplement
to add project-based elements to an ongoing study of climate change.
The content is adaptable for multiple grade levels,
through middle and high school and reinforces
standards across the content areas.
No two change agents are motivated equally.
Each one needs a basic understanding of the
scientific concepts and outcomes associated
with climate change, but beyond that, we create
change agents by engaging their critical thinking
skills, captivating their curiosity and activating
their diverse learning styles—while emphasizing
the character development that helps each one
transcend complacency enough to connect their
passions with concern for the common good. The
process of discovery merges sociology and science
as students that finesse character strengths,
adapt personal habits, consider career paths, see
the value of collaboration with those on diverse
paths, and apply multiple talents and skills to
community change as they learn to think, plan
and act together on creative projects that unite
home, school and community.
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The success of the projects will vary with the
enthusiasm of the teachers, for they also must
reinforce the value the identity of a change agent.
(Some teachers effectively begin to refer to students
not by their grade level but by this identity, i.e.
“Climate change agents, we have a new challenge to
meet today.”)
Reading selections may be reproduced and
offered as silent reading material. Some activities
require student research in a library or computer
lab, to reinforce research skills. Online resources
are cited, but for current relevancy, students
are always encouraged to complete a further
search for keywords to find updated material.
Understanding the process of information
gathering often outweighs the importance of
processing facts and figures. In some cases, of
course, the facts tell an important story and also
help the learners apply statistical information in
context, to address issues that affect human and
other species.

An Integrated Approach
to Motivating Change

The curriculum:

1. Integrates a range of content areas and
speaks to diverse learning styles, to heighten
student engagement and develop new
strengths, whether delivered as one elective
or by an integrated school-wide team.
2.	Encourages students to participate as
change agents in authentic community
issues, as students learn best when they
teach others. (1)
3. Strengthens research and technology skills
as well as teaching about public policy in
context.
4. Incorporates a strong emphasis on online
research, to allow for continual information updates and to keep students purposefully “plugged in.”
5.	Allows for adaptability, so the teacher and
learners can shape the projects to local
needs and current conditions.
6.	Applies character education and community action to the theme. Students consider
the essential role of respect, moderation,
civic-mindedness, open-mindedness and
ethics as the springboard of each unit.
7.	Employs spiraled learning over the school
year, to reinforce certain concepts and
immerse learners in the many aspects of
basic climate change literacy.

8.

Encourages learners to believe in their
own capacity to influence the future, both
personally and as a group. They do not
settle for becoming lifelong learners, but
become lifelong doers.

While they encourage collaboration, service and
community action, the activities also encourage
a personal, creative relationship with nature.
Climate Change Agents asks learners to value
the reasons they should care about the planet
and its inhabitants. We encourage you to imbue
your students with a sense of the importance of
whatever projects they pursue, as models of the
work they may carry into the life-changing goals of
the century.
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This curriculum, if used to its full extent,
can evoke community change. Consider it an
opportunity to build the capacity of your students
to galvanize their own community.
The students apply diverse learning styles and
standards-based skills in the process. They present
several acts of community service leading up to a
community-wide event involving each grade level
and several content areas.
Accordingly, the school will benefit by making a
unified commitment in which teaching teams at
each grade level integrate the learning for students,
to help them each find new levels of engagement as
they discover the many areas of learning applicable
for meaningful participation in community
change. As a bonus, perchance students will each
sense a new mantle of leadership as they link
their standards-based skills to the reversal of or
management of climate change.
Before you begin each unit, meet as a teaching
team to determine how you will work together
to accomplish the goals of the unit and the goals
of the overall curriculum. Read the introduction
together, then preview this information.
n
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Full-Circle Learning curriculum units infuse
five categories of learning into each unit:
Character Education, Academics, the Arts,
Conflict Resolution and Community Service.

How to Use this Curriculum

n	Teachers

will work together toward a
common goal, dividing the responsibilities
involved in presenting at a public venue.
Knowledge products in each content area
will become installations in an offsite
temporary museum or community exhibit,
if possible or, at the very least, a weekend
art exhibition at the school.

n	The

arts are represented within each unit.
Because the culminating project is a public
exhibition, the visual arts teacher may offer
additional support to almost any project.

n	Although

physical education is not added
to the formal program, the physical
education teacher can support the
school-wide effort by devoting one day
every two weeks—or whatever period is
designated—to a form of physical activity
that combines appreciation of the natural
world with physical exercise, such as a
run through a nearby neighborhood,
park or greenbelt, or a hike on a nearby
hillside. (Please read the introduction to
this book to understand the reason for
this emphasis.)

n	Each

class will also conduct projects that
complement the integrated learning goals
and service learning opportunities built into
each unit. Learning outcomes are provided,
to help the team review the possibilities for
collaboration within the unit.

n	The

lesson plans reinforce education
standards in each core content area.
The Sustainable Development Standards
reinforced are indicated in the appendix.

n	Each

unit emphasizes some content
areas more than others, to help students
understand the value of multiple skill
sets in addressing the vital challenges
associated with the issue. This also tends
to vary the responsibility load for the
teaching team.

n

If yours is a secondary school with singlesubject classes, look at the heading at
the top of the page to find the activities
most relevant to your content area. Pages
without a content indicator are student
reproducibles to accompany the preceding
page.

n	The

entire teaching team should focus
on the same unit rather than presenting
activities from various units out of
sequence.
Clim a t e C H AN G E A G ENT S
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The following steps can occur within any of the core content areas.
n	The

instructional strategies used to achieve
results are indicated at the top of each
activity page. Each unit includes some
combination of the following:

Sense It.
	This introductory step provides an
emotional hook to engage all learners
on some memorable sensory level before
pursuing further dialogue, description and
learning activities around the integrated
theme. The character education theme is
connected to the climate change concepts
at this point.
Symbolize It
	This step may be used to reinforce a
positive peer culture by linking the
character and service goals of the unit.
This step is sometimes used to give a visual
cue to learners, who then embrace the
initial concept.
Storytell It
	This may involve a literature assignment,
a creative writing assignment or even a
guided imagery assignment.
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How to Use this Curriculum

Standards-based Steps
	Experiments, reading selections, the
creation of museum installations or
community projects, help students teach
as they learn standards-based content.
These span the goals of each content area
and sometimes involve conflict resolution
activities or performing arts preparation.
Show It
	Role plays and conflict resolution exercises
help learners apply character themes and
academic content in real-world contexts.
Sing It
	This step prepares learners to become
musical advocates for the theme,
reinforcing their sense of teaching as an
aspect of learning.

Share It
	The world becomes a stage for service,
rather than merely for performance, as
the students see real changes take place in
their community and in the perspectives
on the community partners they engage.
Because the community-wide exhibit is the
goal of this particular manual, these are
the culminating steps of each unit.
Sustain It
	Allow reflection time to discuss the
feelings associated with the act of using
skills to advocate, teach or serve. Provide
further connections between projectbased classroom content and the effort
to promote a sustainable earth as the
outcome.

Send It
Learners send letters or emails to officials.
They mail letters or mail collaborative
problem solving projects to global
partners, asking for feedback or offering
a joint service as the goal of the mailing.
Always include artifacts of their learning.
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How to Schedule Activities

See the end from the beginning. Ask each teacher on the team to read
through the curriculum before the year begins. Then meet together to
plan your major project—although class projects will also occur along
the way—and to designate which teacher will be accountable for each
activity. Backwards planning is the best way to achieve success and
to model this habit for future change agents.
n

If applied to its fullest extent, the
curriculum offers content for application
over the course of a school year. A learner
would engage in at least two or three
activities per week in varied classes, and
would complete some homework as well.
(See sample student calendar.)

n	Each

unit has approximately 18-21 titled
activities, spread across the content areas.
Some are multi-faceted activities that will
take several class periods or will require
considerable homework time. Some are
long-term projects. Unless you are extending
the curriculum over more than one school
year, introduce at least two new activities
per week, regardless of the completion dates.
We recommend “backwards planning!”
Previewing the book before the start of school
will allow you flexibility in adapting certain
activities for your students, based on time
restrictions or on the availability of computers.
Some of the activities take place off campus.

n	The

school can include fewer activities if
the learning periods must be shortened, but
the more the activities are enthusiastically
incorporated across the content areas, the
more students will don a new sensibility as
change agents that may carry over into other
aspects of their achievement as well.
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n

You may want to designate one teacher
(social studies, language arts, science,
visual arts or performing arts) as the
convening teacher, to present the
introductory activities of each unit
and to call teaching team meetings as
needed. See the specific activities within
each unit to agree on the timing of the
activities and collaborations among
your team.

n

Ideally, students from one grade level
will spend the year focusing on climate
change, becoming entrenched in the
lifelong learning goals of a climate
change agent.

n	An

alternate approach for a school with
a limited time interval between the
project’s inception and the culminating
service learning exhibition is to assign
each grade level one or more units in
the book; e.g. grades 8 – 12 could each
complete only one unit, to prepare
a diverse community-wide event in
a shorter time frame. Because the
curriculum is project-based, it is written
flexibly for adaptation to meet multiple
or mixed grade-level standards.
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How New Activities Might be
Introduced Across a Typical Month
Sunday

Monday

Tuesday

Wednesday

Thursday

Friday

Saturday

Social	Art
Math	Turn in
Phys. Ed.
Studies
project	Reinhomework	Nature walk/
Intro		
forcement		
run
					
(whole school)
activity
Science		
	Experiment
Language 	Choir/
Science
Song	Computer
	Arts/	Ensemble
project
Practice
Lab
Writing
Song
launch		Research in
Project
Introduced			
Study Hall
Intro
Social
Studies
	Activity
		

Social	Art	Turn in
Phys. Ed.
Studies
follow-up Benchmark
Prep for
Group		
Writing	Advocacy
Work		Assignment
Walk

		Art
		Application
		
of SS Theme
			
Science/		
Math /SS	Design Art	Research	Deliver
Performing 		
Service
Installation	Compilation Items with
	Arts 		
Project
based on	Due
Math
	Collaborate			
Integrated		Teacher
				Theme
Send letters
(optional)
					
to Officials,
					Online Sources
					
or Distant
					
Learning
					
Partners

sample calendar
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How to Schedule Activities

n

In general, allow a minimum of three months
to plan a major event, depending on the scope,
while incorporating the other curriculum
elements over the school year.

n	A schedule for one student’s month might

look like the sample calendar if teaching teams
intersperse activities with other activities from
their core content. (If the course is being
offered as an elective, however, one teacher
would offer each days’ activities with support
from the teaching team.)
n

Some level of continuous immersion in
the content over the course of the year
is recommended, to foster a dedication
to lifelong learning, critical thinking,
collaboration, and the application of
character education themes as they relate
to climate change issues. These goals can
be achieved while enhancing student
engagement in standards-based learning.
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unit I: we’ve got connections!

Learning Outcomes
(Education standards referred to in Appendix C.)
Character Education: Respect
Students will
• Practice respecting the perspectives and roles
of other participants interacting within a
system.
• Apply respect for others as a means of
creating balance within a system.
• Conduct projects that encourage respect for
the environment.
Academics
Students will
• Complete reading selections, conduct
experiments, and apply web research to
create mathematics models as they prepare
exhibitions that teach others about climate
change.
• Learn to use maps as research tools, starting
with geologic maps. (The course will
introduce several forms of maps, including
online cartograms, statistical maps, satellite
maps and basic classroom or library maps.)
• Study and graphically represent concepts
including:
		 Interconnectedness
		 Systems Theories
		The Origin of Fossil Fuels
		The Greenhouse Effect
		 Migration Patterns Within a System
		 Systems Affected by Climate Change
		Regional Distinctions of Systems
20 |
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		 Methods of Evaluating Impact on a System
		The Social Impact of Climate Change on
Human Systems
The Arts
Students will:
• Choreograph a dance to model the butterfly
effect for demonstration purposes and for an
exhibition audience.
• Perform a song about respect, interconnected
relationships and climate change for their
grand opening.
• Create art installations to teach others about
climate change.
Community Service
Students will:
• Integrate multiple skills as they prepare to
teach the community about climate change.
• Blog about systems imbalance.
• Send research to community leaders and/or
professionals.
• Consider sponsoring a Walkathon to raise
funds for climate change research.

Notes
on Usage
Use the Learning Outcomes page
to preview integrated themes. Turn
to the actual activities when your
teaching team meets to explore
the options for student-centered
learning.
Teacher’s lesson plans are indicated
with the type of activity as a header.
Pages with shaded borders are
student reproducibles.
Skim the unit to ensure ample
planning time in working toward the
culminating service goals. Vocabulary
words may be introduced in the
language arts class or may be referred
to as needed. Some climate change
terms are defined in context within
individual lesson plans.
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Student Reproducible
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vocabulary words
neutrality (noun): 1) a state of
being neither positive nor negative;
2) having no opinion; 3) having
no impact on a situation (in the
text, context number 3 is meant)

system (noun): a group of
interdependent objects, actions
or living things whose cycles and
movements affect each other as
they interact or evolve

composition (noun): 1) the
attributes of or the properties,
contents, or elements contained in
a substance; 2) a short, original
written work

sociology (noun): the study of
behavior; how people or species
relate to their environment and to
each other

glaciers (noun): layers of ice
that form permanent sheets
or “mountains”; these frozen
structures support life for polar
species, much as coastal mountain
ranges would for mammals
requiring warmer climes

sustainable (adjective):
containing the properties that
allow life or systems to exist over a
long period of time
perpetrators (noun): those who
cause something to begin (usually
something negative)

wreak havoc (verb): create
chaos, turmoil or confusion
permafrost (noun): soil at or
below the freezing point of water
(32 degrees Farenheit or 0 degrees
Centigrade)
moraine (noun): an accumulation
of boulders, rocks and debris carried
or deposited by a glacier
Barrier Reef (noun): a coral reef
parallel to a shoreline, separated
from it by water, thus creating a
barrier between the lagoon and the
open ocean

biodiversity (noun): a plant
and animal community rich in
numbers of species (diversity is
considered scientifically healthy for
the community)
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Respecting
Rights and Roles
Materials:
		One or more boxes of sugar cubes
		Journals
		Glue
		Water dropper
Each unit in this book offers a slightly different
emphasis, to flesh out research-gathering skills,
discussion and collaboration skills, teaching and
advocacy work as effective pathways to inquiry
and learning. While most pages are directed to the
teacher, many pages, especially in this first unit,
provide background information that forms a basis
for later study. These double as student handouts for
reading silently or aloud. In all cases, pages with just
one headline at the top serve as student handouts.
The unit begins with a step to link the featured
character trait with a concept that has both
scientific and civics applications. The day before
class, bring in at least one box of sugar cubes.
Divide it in into thirds. Put each stack of sugar
cubes on a plate.
Read the introduction of this book aloud as a
class. Ask students to begin a daily journal to
record their observations—or to complete a
drawing—to appreciate something they have
noticed in the natural world, even if viewed
from a window on their way to class.
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Sense-It Step: Science/Social Studies

1. Respecting Rights and Roles

While they are writing, ask one student to build a
sugar structure using glue to hold the blocks together.
Ask another other student to build a structure
without glue. Ask a third student to use drops of
water to hold the cubes together. Explain that the
students will continue the activity the next day.
On the next day of class, ask a third student
to come up and try to dismantle each of the
structures. Ask the students to explain the “Three
Little Pigs” effect. Why did water vapor, neutrality
and glue each have a different effect on the sugar
cube system?
For the purposes of the demonstration, the quality
of respect serves the purpose of glue. Neutrality
symbolizes passivity. Water vapor represents
negative action. It makes a difference which
substance you bring to the system if you want to
see it hold together rather than disintegrate. As a
class, discuss the reasons why.
Define sustainability. The US Environmental
Protection Agency defines sustainability as
“meeting the needs of the present without
compromising the ability of future generations to
meet their own needs.” Ask in what ways respect
might provide the substance for sustainability.
Proceed ahead to the remainder of the studentdriven activities, working at your own pace, coplanning with other colleagues, as needed.
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If it is safe to do so, take a walk outside. Make a log below of every part or participant in your
neighborhood system. List every factor you see that might affect the system in which you are
living. Repeat the same exercise again after you have completed the unit.
Parts of Our Neighborhood System:
________________________________
________________________________
________________________________
________________________________
________________________________
________________________________
________________________________
________________________________
________________________________
________________________________
________________________________
________________________________
________________________________
________________________________
________________________________

Influences on Our Neighborhood System:
________________________________
________________________________
________________________________
________________________________
________________________________
________________________________
________________________________
________________________________
________________________________
________________________________
________________________________
________________________________
________________________________
________________________________
________________________________

systems roll call
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1. Respecting Rights and Roles

Discussion Topics
A system can refer to any
organizational structure where
the parts or participants are
interconnected.
To what extent do you think the objects
and living things in your classroom system
interconnect? When you exhale, who takes in
the air you breathe? When you inhale, whose
air do you breathe? What about your immediate
environment?
A discussion of climate change science and your
role in it must begin with a discussion of respect
for the role of each entity within a system,
whether it is a biological system, a population
system, a transportation system or an ecosystem.
When a system is made of inanimate parts, they
have no emotions and do not make their own
choices, but respect makes the system work more
efficiently when human beings are involved.
What are some objects people in a system respect
and protect? (Mutual rights, individual property,
personal dignity, cultural identity, equity, the
common good, nature, etc.) Discuss some
examples of each.
Why is the topic of climate change especially
relevant to the topic of respect?
You may or may not see the long-term results
of your efforts on a project related to the
environment. Still, you must not only work with
respect for peers, but you must also respect the

rights of those not even born yet, and protect
their right to live and thrive.
You will begin your studies with a walk through
your neighborhood. What types of things make a
trip down the street either freeing of frustrating?
When cars and buses share the road with
cyclists and pedestrians, you breeze along to
your destination. If not, you may feel that the
transportation system has squeezed out the little
guy for no reason other than size.
As you prepare to observe your own
neighborhood, think about the role each part of
the system plays. What role do the trees play?
Look closely to see whether there are any species
other than humans in the environment? What
about the sun? Consider the role of human-made
objects in the environment. Are they part of the
system? Discuss these questions with your group.
Record your thoughts about how each part of the
system affects the whole system. A Systems Roll
Call Sheet has been provided for this purpose.
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Have you ever wondered how meteorologists predict the
weather over time, in order to write a “farmer’s almanac?”
Have you ever looked at the composition of a thousand leaves
on a tree that all seem to be alike yet different?
When a system appears to be disordered or
random, scientists tend to look for an underlying
pattern. They are responding to the phenomenon
called Chaos Theory.
It all started when a meteorologist named Edward
Lorenz set up his computer in 1960 and entered
twelve equations, intending to predict weather
patterns. He left the computer running with only
one piece of paper in it. The waves the computer
recorded were short in the beginning but varied
wildly the longer he left it. The computer had recorded the correct decimal points in the equations
but, to save paper, had lengthened the waves. This
experiment was later used to theorize that movements within a system that are insignificant in the
beginning become greater as they are repeated
over time. Ian Stewart described this as the butterfly effect when he wrote:
The flapping of a single butterfly's wing
today produces a tiny change in the
state of the atmosphere. Over a period
of time, what the atmosphere actually
does diverges from what it would have
done. So, in a month's time, a tornado
that would have devastated the Indonesian coast doesn't happen. Or maybe

28 |

unit I: we’ve got connections
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2. Interconnectedness Clues: Chaos Theory

one that wasn't going to happen, does.
(Ian Stewart, Does God Play Dice? The
Mathematics of Chaos, pg. 141)
When you take your walk, look for evidence
of participants in the neighborhood system that
influence each other, be they buses or butterflies.
Imagine the neighborhood in 100 years. Will
it look the same? What influences might create change in the system? Do you think humans
could have an impact on the rate of change?
How? What is your role in this process?
Long-term Writing Assignment:
Write a journal entry or hypothesis now. Take
notes throughout the course of your learning.
Write a short-story or essay for publication called
“My Legacy as a Butterfly.” By the end of the
course, refine a story in which you describe the
effects your actions might generate—or prevent—a century from now to sustain life in your
community. Conduct interviews with experts, as
needed, along the way.
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The solar system, with the sun’s warmth cradling the earth, has
worked as an effective system for longer than anyone in recorded
history can recall. The seasons have rolled along like a wheel
cycling over the centuries. The climate (temperature and weather
patterns) and composition of the air have supported a wide variety
of species ever since the last ice age. How does it feel to be a part of
such an historically successful system?
In the 1880s, scientists began to realize that
the atmosphere works like a greenhouse. The
atmosphere acts as a buffer between outer space,
where gases such as oxygen are in short supply,
and the oxygen-rich environment needed to
support animal life. The atmosphere lets in light
and heat and acts as a blanket to trap the gases
needed to sustain life and make the climate
habitable. Animals and humans on earth inhale
the oxygen and exhale carbon dioxide. Plants
use the carbon dioxide as part of their growth
process, cleansing the air. The system worked.
Then something shifted. The balance of carbon
dioxide and other substances called greenhouse
gases shifted the balance. Trapped beneath this
invisible ceiling, they are making the climate
warmer. With nowhere to go, the gases travel
around the earth, affecting the climate as well
as the earth’s inhabitants. Small amounts of
methane and ozone are among the greenhouse
gases, along with plenty of water vapor. The most
talked about greenhouse gas is carbon dioxide.
To better understand the Greenhouse Effect,
recreate this demonstration with two pans of
brownies.

30 |

unit I: we’ve got connections

Standards-based Learning Step: Science

3. The Sun as a Greenhouse

Demonstration:
The Brownie Effect
1.	Use moistened brownie mix and 9 x 9
clear glass pans to simulate dirt on the
earth’s surface.
2.	Divide the brownie mix in half, pour
it into the pans and bake the brownies
according to instructions. (If you do not
have an oven and want to simulate the
effects in the classroom, use a strong lamp
halfway between the two pans to warm the
moistened mix.)
3. Prop a candy thermometer in each pan.
Cover one pan immediately with clear
plastic.
4.	Observe both pans as they cool. Check for
condensation on the ceiling (wrap) and
sides of the covered pan.
5.	At 30-second intervals, check the candy
thermometers to determine the difference
in degrees between the two pans.
6.	Record your observations and theories.
How did the demonstration simulate the
greenhouse effect?
7.	Eat the brownies to celebrate your
learning.
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The story of our climate begins with a metaphor about the planets.
When Goldilocks came across the house of the three bears, she stepped
inside and found their porridge sitting on the hearth. She was so hungry,
and it smelled so good, she had to taste it. The bowl closest to the fire
was too hot. The bowl farthest from the fire was too cold. The one in
between was just right, and she ate until she regained her vitality.
Looking at the planets, we see three bowls of
porridge:
Venus: This orb’s atmosphere seethes with
greenhouse gases. Because of that, temperatures
at its surface are beyond the point of boiling
water. (212 degrees F at sea level and 100 degrees
C at sea level will boil water.)
Mars: This planet has a very thin atmosphere,
which cools it too much for liquid water to exist
at its surface. (Water freezes at 32 degrees F or 0
degrees Celsius).
Earth: In between the other two planets lies
earth, where the sun keeps the temperature
between the ranges of Venus and Mars. Too much
or too little of a good thing kills life, but just the
right amount of sunlight sustains life, just as the
porridge sustained Goldilocks.
For thousands of years, the chemical composition
of the earth’s atmosphere changed relatively
slowly. All life needs liquid (H20) to survive.
Greenhouse gases always existed but in quantities
that kept the planet just warm enough to keep
water in its liquid state, not so hot that it
boiled. Then the rate of change increased. After
conducting your previous experiment, can you
explain why?
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4. The Story of Our Climate

The History
of Greenhouse
Gases
Greenhouse gases allow visible light
to pass through them and warm the
surface (ground and oceans) of the
earth while trapping the heat that the
warm ground radiates. They form a
layer like a clear blanket.
Greenhouse gases interact with
each other in the atmosphere. For
centuries, what flowed into and
out of the atmosphere remained
in balance because of “sinks” such
as oceans or healthy forests, rock
weathering (limestone calcium
carbonate) and soil. The natural
carbon-absorbing sinks naturally
took up the excess gases.
Carbon dioxide emitted by humans at
the start of the Industrial Revolution
began to unsettle this balance. The
new practices extracted carbon that
had been buried deep underground in
the form of peat, coal, natural gas and
oil. The revolution also gave humans
the tools to cut down forests with
greater speed and to make cement
to build up cities. The new machines
also led people to clear the lands, to
raise more domesticated animals and
to graze them in larger numbers. This
increased the methane emissions and
deforestation.

Suddenly, the concentration of
greenhouse gases began to significantly
increase. The concentration of
carbon dioxide levels went from 280
to over 380 parts per million today.
Similar rises in the concentration
of other greenhouse gases occurred
simultaneously.
The earth’s system of checks and
balances could not keep pace with this
increased emissions rate, creating a
growing trend toward imbalance. A
higher concentration of greenhouse
gases means a higher average surface
temperature, which changes local
weather patterns, which changes local
weather events and makes weather
extreme.
A warmer surface temperature
means higher sea levels, more
extreme droughts, more extreme
monsoons, and perhaps even more
intense hurricanes. The outcomes of
these weather patterns also lead to
an increase in floods, wildfires and
other threats to human resources. As
consumers, almost every action we
take has an impact on the emissions
of greenhouse gases.

Extra Credit Reading
for Upper Division
Students:
Consider a Spherical
Cow: A Course in
Environmental Problem
Solving, by John Harte
(Available in science
libraries and through
online sources)
Advanced students
may read and report
on select chapters or
passages and conduct
individual action
projects.
Illustrate the effects
of climate change with
the activity sheet,
Consider the Source.
Younger grade levels
may read The Down-toEarth Guide to Global
Warming, by Laurie
David and Cambria
Gordon (published by
Scholastic), as extra
credit.
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Illustration
Assignment
Materials:
3 transparencies
Paper
Colored pencils
Highlighters and markers

Create a layered image of the earth’s
greenhouse gas sources, using a light
color to indicate the presence of gases.
Add a transparent plastic overlay showing
the manmade sources of greenhouse gas
emission, using marker pens to draw the
cows, manufacturing plants and other
sources. Use a highlighter pen to indicate
the additional emissions. Illustrate and post
final drafts of these before-and-after pictures
in your public display on climate change, in
an exhibit labeled Industrial-Age Impacts on
Greenhouse Gas Emissions.

34 |

unit 1: we’ve got connections

Standards-based Learning Step: Science/Art

4. The Story of Our Climate

Consider
the Source
Natural Sources of Carbon Dioxide:
Volcanoes
Decomposing plants and animals
Forest fires
Natural Sources of Methane:
Decomposing plant and animal life (bacteria
in the digestive tract of animals)
Geologic emissions from buried methane
(leakage from ground)
Anthropogenic (human-caused) Sources of
Greenhouse Gas Emissions:
Burning fossil fuels (for heat, cooking,
electricity and transportation)
Deforestation (slash and burn agriculture)
Urbanization (pouring concrete)
Manufacturing (releasing CFCs)
Meat production (releasing methane and
contributing to deforestation)
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Consider this an evening in historical time. We’ve had
a long day so far. We’ve seen the earth’s atmosphere
go through many changes. We hope to generate new
changes that will bring about a period of renewal—a
molecular renewal, that is.
In other words, we would very much like to
return to a new day in which we have a balance
of carbon and oxygen in the air rather than an
overdose of carbon dioxide.
A molecule of carbon dioxide (CO2) consists
of one carbon and two oxygen atoms. You may
not recognize it by its color or odor, because
it has none. The amount of carbon dioxide in
the atmosphere varies, as it has throughout
Earth’s history. The United Nations estimated
that before the industrial age, the atmosphere
contained about 280 parts per million. It has
now increased about 40%, mostly due to the loss
of trees (deforestation) and the increased use of
fossil fuels, which emit greenhouse gases such
as methane and water vapor along with carbon
dioxide. Of these gases, carbon dioxide is an
important topic because we, as humans, have the
power to alter the amount we release and alter its
relative impact on climate change. We must also,
of course, consider ways to deal with the effects
of climate change that may already irreversibly
affect our world today.
We will explore many questions as we consider
these issues and consider ways to help others
think about and act on important issues. To do
so, we need a basic understanding of certain
scientific facts.
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5. Basic Thoughts about Atoms and Eve

What is a
fossil fuel?
First, let’s talk about what a fossil fuel is not.
It is not a recycled dinosaur. It is a recycled
diatom. These one-celled creatures have delicate
skeletons made of the same material (silica) as
sand. They do not eat other foods but, rather,
have the capacity to convert sunlight into energy.
They float near the surface of lakes and oceans,
gathering sunlight and producing an oil, in which
they will store the chemical energy produced from
this photosynthesis. The oil also helps them to
float. This theory explains why oil is generally
discovered in areas once covered by water.
Mud and sediment bury these remains. Sand
fills in the gaps, forming rocks that remain for
thousands of years. The oil looks for pathways
around the rock. The heat and pressure rising up
from the earth’s core eventually soften parts of
the rock and release the oily sediment, producing
oil and natural gas. This ooze, commonly called
“source rock,” looks for a reservoir, or a rock
that has room to hold it. Sandstone serves this
purpose well, because of the many pores where oil
can move freely through the open spaces.
Oil only accumulates in large quantities when the
pressure from underground can move it around
the geologic trap and upwards, creating an oil
seep. Unlike a reservoir rock, a trap rock such
as shale acts like a ceiling to hold the oil in. The

pressure mounts and the oil escapes around the
sides of the trap, at first exploding, and then, in
later years, slowly seeping up through the ground.
Oil seeps in Pennsylvania, California, Texas and
Louisiana have slowed to the point where the
amount being pushed upward has dwindled.
Countries such as the US have come to rely on
other countries for imported oil and have debated
pushing out into the ocean and up into arctic
wilderness areas to explore for new oil deposits.
Fossil fuel consumption has created
several concerns:
1	The oil that took centuries for nature to
produce could be depleted unless humans
adequately diversify and include alternative
energy sources for human use;
2 Looking for oil in new places has endangered
sea life through oil spills and can threaten
wildlife habitats and ecosystems;
3 Humans are struggling to ensure that
the processes used to convert oil into
fuel for transportation and electricity are
the cleanest ones possible, to limit the
harmful amounts of carbon released into
the atmosphere.
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Discussion Points
Eight million tons of oil were consumed
around the world in 2007, according to the BP
Statistical Review of World Energy.
Discuss with classmates the amount of time you
think it would take to complete the maturation
process for enough diatoms to generate the same
amount of oil again. Remember that this is only
one year’s worth of oil.
Do you think that continuing to search for new
sources of oil is an adequate solution to the
world’s energy problems? Why or why not?

Demonstration Activity 1:
Trapping Oil
Materials:
Small pieces of screen
Mud or clay
Sand
Measuring cup of water
1. Spread a small layer of screen material
over a plastic cup. Smear dense mud or
clay over it.
2. Layer a second sheet of screen with a
mixture of sand and water.
3.	One by one, hold each cup over the sink.
Pour a half-cup of water over the screen.
4. Which cup most quickly absorbed the
water and dripped it into the cup below?
5. (Time the drips.)
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Demonstration Activity 2:
Storing Oil
Materials:
3 rocks of different densities, such as sandstone,
shale and granite
Microscope
US Map
placards
1. Look at sandstone under a microscope.
Compare it with two other types of rock.
Include one dense rock, such as shale.
2. Study the pattern of the rocks. Draw
pictures of each, indicating the pores
(holes) in the rocks. Label the pictures.
Which one would make the best trap to
block off oil? Which one would make
a better reservoir? Where do you think
you would be most likely to find each of
these rocks?
3. Visit a site that features geologic maps:
www.geology.about.com/library/maps.
Using this service, you can select any state
map in the United States and see a colorcoded depiction of the geological diversity
of the state.
4.	Compare the descriptions of Colorado’s,
Georgia’s, Virginia’s, Florida’s,

Pennsylvania’s, and Texas’s colorful
geological mosaic maps. These places are
spread across the country. What features do
they share? How do they differ? How does
the information on each map support what
you read below about the state’s use of its
natural resources?
5.	Compare these with the map of your
own state (if you live elsewhere in the
US). If you live outside the US, adopt a
state as your own and study its map, or
use a geological map of your country, if
available. What cultural and historical
factors influenced the uses of geology in
the region? Do you think sustainability
seemed a relevant factor to the first
miners and oil companies? Have the uses
of geology changed over time? Conduct
further research to find out.
6. Make a display and placard to depict some
scientific reasons why, over time, fossil
fuels did or did not become a popular
choice of energy in some of the regions
you viewed. You may want to incorporate
paintings or print-outs based on some of
the maps.
For further study, find online sources to explore
structural trap types, stratigraphic trap types and
combination traps.
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6. Role Playing Respect

Distribute the reproducible Respect in Times of
Conflict. Allow time for discussion and time for
computer research before beginning the conflict
resolution portion of the activity.
Before class, review the information on conflict
resolution in Appendix A. Ask student pairs to
create bridges, each one using 5 sheets of recycled
paper, then guide students through the conflict
resolution process.
About Conflict Resolution:
Full-Circle Learning programs employ conflict
resolution by challenging students to practice the
current character education theme as they resolve
hypothetical conflicts. Students learn to see the
relationship between interpersonal, communitybased and international conflicts.
For instructions on how to teach conflict
resolution skills, see Appendix A. Reproduce the
steps on the board or on the floor, in two paths
that meet in the middle, as students work to role
play a dialogue.
In this case, each player will strive to show respect
throughout the process.
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Respect in
Times of Conflict
Sociology and science sometimes mingle.
Throughout history, geologic resources were
important to people. Some indigenous peoples
used rocks or shells for money. Others survived
because they had water or some other resource in
greater abundance than their neighbors. As human
beings became dependent on oil for fuel, this oil
became like a universal monetary system for trading
commodities.
Can you think of past conflicts in oil-rich regions?
What current conflicts plague the world? Do you
think laying claim to natural resources plays a role
in any of them? If so, what role? Conduct web
research of international newspapers online to see
where current conflicts exist. You will find headlines
of the world at the following website: www.
newseum.org/todaysfrontpages/flash/
What do the front page stories suggest? What do
the headlines say? If you cannot read a particular
language, does the picture on the cover of the
newspaper in that country correspond with an
image you saw in another part of the world?
Do different countries use similar photos to
tell varying sides of the story? How can your
understanding of various regions help you respect
diverse perspectives?
When countries engage in disputes over oil, conflict

or war can result. This outcome not only robs
human life on both sides. It also rips apart families,
devastates economies, halts education, deeply affects
the quality of life, can create trauma for generations
to come and can deforest a landscape with bombs
and landmines.
The perpetrators of a war involving oil do not always
give oil as the main reason for the war, but without
its lure, they might be encouraged to look for more
creative solutions.
Role play a conflict with three players,
applying creative solutions, with mutual
respect as the goal.
Player One: The leader of an oil-rich nation
who does not want interference from any
foreign nation even though there are many
unjust laws in the country.
Player Two: The leader of a second country who
wants to place a refinery in the first country,
tariff-free, and wants to encourage reform
among the country’s political leadership. (The
oil company who wants the refinery gave large
campaign contributions to this leader)
Player Three: The United Nations ambassador
working in the country who sees that the first
two players do not respect each other’s cultures
or positions. He/She will mediate the conflict
and try to bring about greater respect.
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7. The Perils of Systems Imbalance

Do you think the perils of
systems imbalance increase over
time? Form a hypothesis and
collect data to see if your research
reflects a local butterfly effect.
When a person develops a chemical imbalance,
they become ill. Mother earth is no different. The
increase in carbons and other toxic greenhouse gases
creates disturbances that affect climactic patterns.
These changes that seemed mild to begin with have
increased with the passing years, just as a butterfly
flapping its wings has an impact exponentially greater
as time goes on.
What is the flap about? The imbalance has created a
climate change so severe that it affects not just our
weather patterns but all the systems many creatures
need for survival. A change in temperature of just one
degree per year can melt glaciers, make the oceans
rise, and bring on droughts and flooding.
The Intergovernmental Panel on Climate Change
reported in 2008 that during this century, many ecosystems will no longer be resilient to the higher-thanever levels of climate-change-related disturbances,
including flooding, drought, wildfire, habitat loss,
ocean acidification and other global change drivers
(e.g. land use changes, pollution, and overexploitation of resources). As a result, they predict that the
earth may lose hundreds of thousands of species,
large and small. These creatures contain genetic
codes with valuable information. They provide food
and natural beauty. They contribute to the health of
the whole system.
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Data Gathering
Assignment
Start a class scrapbook or bulletin board of current
events about the influence of climate change on
humans and other species. Look up references online
and in old newspapers and magazines. How many severe weather events can you find that have occurred
within the past five years? Within the past decade?
How many lives have been affected by these events?
Graph the statistics on a chart or poster showing years
and weather events. Do short-term events reflect a
pattern or trend consistent with what scientists say
about climate change, or does your research tell you
the patterns are too brief to relate to climate change?
What documents can you find with statistics about
species loss or people displaced or hurt due to
climate change-related causes? Translate these
findings to graphs.
Begin thinking about how you will reverse the trend,
so you can show posters about solutions when you
publicly exhibit this data. Name some differences between personal pathways to change and community
pathways to change, based on the articles.

Share It Step: Science

Student Reproducible

8. Weather Watch

Group
Assignment
Materials:
Farmer’s Almanac
Computer
Graph paper
Your school library may subscribe to the Farmer’s
Almanac, either in print or online. If so, you can
obtain a history of the temperature, precipitation
and wind patterns since 1972 to monitor past
and present weather patterns. Using home or
school computers, create graphs that show the
long range weather patterns in the community.
Use mathematical equations to predict the
temperature, precipitation and wind patterns
during the coming decade, based on patterns of
the past.
To practice for community presentations, begin
researching and presenting your findings for
classmates. It will help you determine how to
organize information and materials for the
school-wide exhibit you are preparing. First,
create a flow chart, timeline, or some other
type of graphic organizer to identify the various
actions you will take to prepare for your action
project. Include your issue/topic, resources,
research, graph/poster mock-up, assembly of your
final visual elements assembly, oral presentation,
and class discussion of a group action or service
based on your findings.

There are several ways to begin the Weather Watch
assignment. It may be most interesting to divide
into groups and have each conduct the research in
different ways.
1. Some may choose to show the same day each
year for ten years.
2. Some may add the sum of the mean
temperature each month. Divide it to find
an average annual temperature per year.
3. Some may choose the month that is typically
the wettest or windiest and measure the
results, year to year, or may look for an
annual amount of rainfall or snowfall.
4. Use graph paper or computer graphs to
record the patterns from the three different
perspectives.
5. Let each team make their predictions about
future weather patterns.
6. Make charts based on the predictions and
write rationales for the charts. These will
become part of the school-wide display.
See the Weather Watch page of instructions. Mount the
graphs and hypotheses to prepare for the school-wide
installation or exhibit.
Extra Challenge: For a long-term assignment,
set up a year-long weather station in your yard
or at the school using recycled materials. Track
local short-term weather patterns to see whether
they reflect long-term trends. Suggested materials
appear on the following pages.
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8. Weather Watch

Weather Watch
Describe your hypothesis about the long-range
weather patterns in your geographic area:

Are there any known proven causes for the
patterns you researched?

What internet research and computer graphs
support your theory?

Do you plan to conduct more research about the
causes of these patterns? If so, how?

Did the graphs of your peers support the same
theory?
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Create a class weather station and take your
own samplings to see whether daily trends reflect
longer-term cycles.
The trends you find will not be meaningful taken
over a week, but if each student monitors the
weather station for one week, over the course of
a year, the results can be compared with other
students’ findings the following year, to create an
ongoing climate watch program at your school.
After all, knowledge builds collaboratively, over
time.
Start by determining whether you will purchase
products or use recyclable parts you can replace
often. If this is your choice, consider the options
described below.
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9. Recyclers and Raincatchers
(Creating a Weather Station)

Rainfall
Measure rainfall by taking the following steps:
1. Place masking tape vertically along the
outside of a wide-mouthed recycled bottle.
2. Mark off the centimeters on the tape.
3. Secure a cooking funnel to the top of the
open bottle. Secure the bottle in a place
where animals cannot tip it over.
4.	Check the masking tape at the same time
each day or week. Record the measurements
in a log and empty the bottle.
5.	Enter the data into a computer log.
Temperature
You may want to mount an outdoor thermometer
if you want to record actual temperatures. If you
are interested only in using recycled materials to
record trends, follow these instructions.
or prop a candy thermometer on a mount in a
non-glass container. Set it under the eaves of the
building and check it at the same time each day
or, better yet, twice each day. If you do not have
a thermometer, you can still measure trends in
temperature with recycled objects. This process
works because water expands as it heats and
contracts as it cools.
1. Look for a place where a glass container
of water can sit undisturbed by humans or
animals, perhaps tied to a shady tree.
2. Borrow clay from the art department and

wrap it near the bottom of a drinking
straw.
3. Place the straw in a glass bottle so the
straw dips into the water. Wrap the clay
firmly so that no air or water leaks out.
4.	To test your thermometer, stand the bottle
in a warm water bath for a few minutes,
then take it out. The water in the straw
should rise and then fall as the bottle
cools.
5.	Now make a scale using centimeters
to measure the changes in each day’s
temperature, from one to ten. Indicate the
daily “score” at a consistent time each day.
Track the trends upward or downward over
each month.
Wind
Place a pinwheel with a hollow center on a
spinning stand such as a knitting needle. Drive
the needle into the ground or mount it on a
windowsill where the class can monitor its safety.
At same time each day, count the number of spins
of the wheel per minute.
Email friends in other parts of the country to see
whether their weather trends parallel yours. Record
all your findings in the computer and leave the log
as a gift to the next year’s class. After all, knowledge
builds collaboratively, over time.
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Share It Step: Visual Arts

10. Sharing Through the Arts:
Life as a Butterfly

Materials:
Recycled newspapers or magazines
Oil pastels, pencil or clay
The Chinese sage Chuang Tzu (369-286 B.C.)
wrote:
I do not know whether I was then a man
dreaming I was a butterfly,
or whether I am now a butterfly
dreaming I am a man.

What does this quote suggest about
interconnectedness?
No one had yet named the butterfly effect in
Chuang Tzu’s time, and yet philosophers and
scientists may have always had a sense of the
impact of one entity upon another. Create art
that will communicate this message to people at
an art exhibit.
1. Look for pictures in magazines or online
as points of reference that suggest
interconnectedness within a system.
2.	Use oil pastels, paint, pencil or clay to
make a similar picture of your own.
3. Write a quote that describes the artwork.
4. Incorporate it into the artwork or write it
on a placard beside the art to use during
the exhibit
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Student Reproducible

Share It Step: Visual Art

11. A Family of Butterflies

Materials:
Pipe cleaners and tissue paper
Recycled materials such as yarn and coat
hangers
Art paper and writing/drawing implements
for placards and posters

Set off the art exhibit you are creating with
butterfly mobiles, if you like. If each student or
group of students makes a mobile, the room will
look like a butterfly exhibit.
1.	Use pipe cleaners to create the shape of
butterfly wings.
2.	Cut colored tissue paper or recycled gift
wrap in shapes to match the wings.
3.	Carefully glue the upper sides of the wings
if they will be viewed from beneath or or
the undersides if they will be viewed from
above. (Double-lined wings are also an
option. Leave some extra pipe cleaner at
each end of each wing.)
4. Make a spiral body by wrapping a long
pipe cleaner around a pencil or other
cylinder. Leave both ends free at the top to
serve as antennae.
5. Wrap the free ends of the wings around
the butterfly body.
6.	Use recycled materials such as yarn and
coat hangers to decorate hangers.
7. Make several butterflies and attach them
to the hangers with string.
8.	Create a hanging plaque on clear tissue
with the butterfly quote or affix a small
mural to a wall, displaying the quote on
butcher paper.
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Share It Step: Performing Arts

12. Follow the Climate
Change Agent

This dance can help you build
concentration, composure and
camaraderie. It can be conducted
like a step dance, with no music,
or to instrumental music.
You will need to select a graph from the science
project in activity number 8 concerning weather
patterns in your area. Determine whether you
will use rising and falling temperatures, rainfall
wind or a combination of all three. The dance will
replicate the pattern. The last person in the circle
will be the one responsible for creating balance.
1. First, gather everyone in a circle. Divide
the weather patterns into the same
number of sequences as there are dancers.
The first person or group demonstrates the
first indicator in the pattern. If it is a hot
day, this may mean starting in a squatting
position and raising arms toward the sky,
etc.
2.	The second person or group indicates
whatever shift comes next, such as wind or
rain. The severity of the pattern is modeled
by the motion of the dancers.
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3. By the time the circle of movements is
complete, the last dancer begins slow
motion actions that reverse the trend.
(These can mean getting out of a car and
onto a bike, saving an animal, planting a
tree, etc. Identify the actions that address
climate change.) The circle now moves
in the other direction with each dancer
mimicking the actions of the first and
then adding an action of his or her own.
4. By the time the dancers reach the end,
they are all moving in a positive direction
to reverse climate change. The sun comes
out at just the right level before they bow.

Student Reproducible

Share It Step: Choir or Music Ensemble

13. Music About Respect: Changing Winds

Work with your music teacher to prepare a performance
for the opening of your art exhibit or for another public
performance. Arrange for students to learn the song
“Changing Winds” from Change Agents.
Have students read the lyrics first as poetry,
then discuss the symbols in the song/s. In
one each song, the effects of human activity
on the climate become apparent. One song
asks whether these effects are irreversible. The
other song identifies the ways in which change
agents try to reverse the effects. Challenge
students to interpret the meaning of each verse
of each song before learning to sing them.
The CD offers instrumental-only tracks for
performance purposes after students learn to
sing with the voices.
Rehearse the songs together. Divide into groups
and sing the harmonies.
If your school does not have electronic copies,
check the FullCircleLearning.org website or search
the album title at CDBaby.com

Extra Challenge Using Activity 12:
If you choose, challenge students to write
more songs related to respecting others in an
interconnected system. Present the information
in Activity 12. Divide into groups and assign
each group a subtopic to write a verse based on a
popular melody. (Or use melodies written by class
members.)
Remind students some general songwriting
devices:
1.	Use conversational language to make a
theme more emotionally appealing and
personal.
2.	Use symbols to make complicated
information easier to digest or understand.
3. Pay attention not only to rhyme but to
the vowels and consonants that sing well,
especially on sustained notes or on notes
that occur in succession. If it is difficult
to sing, it may not be pleasant to hear. It
should flow.
4.	Use a range comfortable for most of the
voices in the group.
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Visual Arts

14. Photos of the Birds, for the Birds

To understand the effects of climate on a system, we need
to observe the members of a system. Consider, based on
your observations, whether the bird population is declining,
moving away or growing in your region.
Try to document a bird’s life without being a
voyeur (without interfering with the privacy
of that life). Animals need their space at the
same times humans would, for example, while
giving birth. When you monitor a nesting site,
avoid checking in the early morning, when the
site is more likely to be active. Birds are easier
to study than some species because they fly
overhead rather than hiding in the brush. Even
without moving in close, you can still document
interesting moments in a bird’s life if you have a
camera telephoto lens or a video camera.
Create a class photography exhibit about local
bird species. If you are lucky, you may capture
at least one important life event such as eggs
or birth, nurturing young, migration, and
perhaps a bird mating by showing its feathers or
approaching another bird. Use all your senses,
plus conversations with naturalists, and look for
the story behind the photo. For example, one
person heard a strange squawking sound from
an owl on a telephone pole outside his house.
He learned that this is the sound the adolescent
owl makes when cast out of the nest to fend for
itself. It was begging its parents to come home
again and be fed at their “table.” This sound told
him the owl count was probably higher than
“one” rather than that this was the last lonely
owl in the region.
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Consider the materials you will use for your
exhibit. Maybe a friend has a camera with a good
telephoto lens, if you do not. Some schools have
a darkroom where black and white photos can
be developed. If class members and the school
do not have access to photographic equipment,
make observations about the birds in your area
and make charcoal or chalk drawings as a result.
What stories do the images tell? Was it difficult
to find songbirds? Were some species missing?
Call your local Audubon Society to find out what
to look for before you begin. Create an exhibit
that tells a story, using student photography,
videography or illustrations.
You may not view as many birds as you would
like to see. For inspiration, visit a website where
a live webcam captures the nesting activity of
eagles nesting. See what other habitat advocates
have done to integrate technology and advocacy.
You will find the video at iws.org.

Share It Step

Student Reproducible

15. Join in a Hands-on Study

Participate in an ongoing study
to document the effects of
climate change and other factors
on breeding birds.
A website sponsored by the Cornell Lab of
Ornithology, NestWatch, invites you to either find
or build a nest, then monitor it and report back
activity when birds lay eggs in the nest.
Identify the primary species they want to
track on the Focal Species page. Read General
Questions about Nestwatch. Then watch the video
presentations about how to build and install your
own nesting site if you do not find an existing
nest. The information about how to sign up
and start your project can all be found at www.
nestwatch.org.
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Student Reproducible

People who once discussed global warming have
begun to talk more broadly about climate change
because of the extreme systems impact that
results from global warming.
While 2005 was the warmest year on record, each
year since also produced broken records for heat,
flooding or drought in various locations around
the world. The term global warming may give the
impression that only the temperature rises, but
as you saw with the condensation on the brownie
wrapper, rising temperatures affect the whole
climate and, eventually, the whole system.
The United Nations Environment Program
(UNEP), in its 2008 Assessment of observed
changes and responses in natural and managed
systems, reported changes in the physical and
biological systems on every continent and in most
oceans. Temperature changes were the easiest
to identify. Climatic effects on human systems
were the most difficult to measure, because
people adapt well as a species, making it difficult
to isolate the factors responsible for change.
Still, the UNEP cited human systems among
those reshaped by the sweeping effects of global
warming. The many conditions cited in the report
included the following:
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Send-It Step: Science/Social Studies

16. Blogging About Imbalance

Arctic Systems
n	Climate change affects snow, ice,
permafrost, water resources, coasts and
oceans.
n	Earlier spring snowmelt thaws glaciers
that arctic species need for survival.
Endangered flora and fauna include the
sea-ice biomes and the large predators (i.e.
polar bears).
n Glacial lakes swell, destabilizing the
moraines that dam the lakes.
Other Oceanic Systems
n Both in the Arctic and along other oceans,
shorelines see damage from coastal
flooding.
n Sea level rise creates more intense storms
in coastal regions, tidal waves and greater
coast erosion and loss of coastal wetlands
and mangrove forests.
n Increased carbon levels since 1750 lead
to increased acid in the ocean, affecting
marine life.

	Changes occur in the behaviors and
distribution of marine species associated
with rising water temperatures, salinity,
oxygen levels and circulation (e.g.
plankton has moved continually toward
the North Pole over a period of four
decades, affecting the food chain in
southern waters.)
n	Along with overfishing and poor fishing
practices, climate change may have
affected the health of coral reefs, which
provide medicine, marine habitats and
livelihoods for so many around the world.
Less than 5% of the Great Barrier Reef
may remain by 2050, according to the
World Wildlife Fund.
n Warming of lakes and rivers affecting
freshwater species.
n

Terrestrial (non-aquatic) Species
A conservative list of systems changes affects
many species. The UNEP mentions:
n Migration of flora and fauna toward the
Poles, attributed to climate change.
n	Earlier onset of spring events and growing
seasons in the Northern Hemisphere,
affecting plant and animal communities
over the last few decades, in general, and
threatening habitat loss for many species.
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Send-It Step: Science/Social Studies

16. Blogging About Imbalance

Group Project
Choose a topic relevant to your
community and research the topic.
Discover ways in which the affected species
influences at least two other species in the area.
Create a line drawing or diagram showing cause
and effect. On a blog, in a school newsletter or in
a letter-to-the-editor, write to encourage others to
advocate for the species.
Sample Topics:
n 	A species migrating toward the poles will
soon be lost from the local ecosystem,
upsetting the balance for other plant and
animal species.
n Impoverished communities need greater
community resources to prepare for or to
recover from natural disasters associated
with climactic trends.
n	A decrease in the population of certain
freshwater fish may call for a change in
fishing habits.
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Student Reproducible

Agriculture and Forestry
n Vulnerability to heat waves, droughts and
floods in agricultural areas.
n	Opportunities for increased growing
season where drought is not an issue.
n Warmer, drier forests in the Northern
Hemisphere, resulting in increased forest
fires and pests (e.g. Mountain Pine Beetle)
and reduced productivity in forests.
Human Species
n Increase in allergenic pollens, affecting
human health and life expectancy in the
Northern Hemisphere.
n Changes in human disease vectors (pests)
in Europe due to higher temperatures.
n	Changes in health, migration patterns,
livelihoods, diet and identity, especially for
indigenous peoples in Arctic areas.
n	Differences between how wealthy and
impoverished communities can adapt to
disaster, creating greater disparity.

Participate in a Hands-on Study
Join an ongoing study to document the effects
of climate change and other factors on breeding
birds. A website sponsored by the Cornell Lab
of Ornithology, NestWatch, invites you to
either find or build a nest, then monitor it and
report back activity when birds lay eggs in the
nest. Identify the primary species they want to
track on the Focal Species page. Read General
Questions about Nestwatch. Then watch the
video presentations about how to build and
install your own nesting site if you do not find
an existing nest. The information can all be
found at www.nestwatch.org.
Before you begin, see what other habitat
advocates have captured on video at iws.org. You
can watch live video of eagle nesting sites here.
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Send It Step: Social Studies/Science

17. Individual Systems Exhibits

Choose an interdependent
ecological system to research.
Conduct an inquiry-based investigation about
the topic based on events, patterns or trends.
Identify whether the data you collect relates to a
singular event (the tip of the iceberg or the facts
of the situation), whether it indicates a pattern
of events (the middle of the iceberg), whether it
refers to the root causes for a pattern of events
(the larger base of the iceberg) or whether it
relates to the solutions for those root causes.
What does the evidence suggest about the effects
of climate change on that system, if anything?
Map the migration patterns affected. How
does an event or pattern of changes affect the
sustainability of a life species? If possible, based
on the butterfly effect, show a mathematical
trajectory or graph that represents your research.
Include these artifacts in the school-wide exhibit.
Community Action Component: Decide
who could benefit from your research. Write to
community leaders and professionals. Thank
them for their work and offer your research,
to collaborate with them for positive results in
encouraging human behaviors that respect life for
all population groups within a system. Choose
from the topics below or create your own.
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Student Reproducible

Sample Topics
and Research Sites
Penguin Census: For the Birds
Penguin census takers discuss the importance of
blubber in the survival of arctic animals. Imagine how
hot a penguin will feel when it can’t take the pillows
out of its tuxedo as the temperature creeps up.

All aboard the Raft—or Not
In the state of Illinois alone, 153 endangered
species rely on river ecosystems. Look them up on
the website below. Choose two interdependent
species to study. Based on the butterfly effect, show
a mathematical trajectory or graph that represents
One school created an experiment in which they
your research. How fast are the species dwindling?
had visitors put on two rubber gloves and immerse What is their relationship? What can you learn
their hands in an ice bucket. One hand had
about the factors that influence their decline? Who
shortening inside coating the fingers and hands,
can you write or email to send a letter of thanks,
to show the role of blubber in the survival of polar a note about your new research or a letter-tospecies. Typically, each participant could hold the the-editor recommending changes in manmade
hand with the lard coating in the water at least
behavior that affect these species? Use the website
a minute longer than they could hold the other
below as a starting point.
hand in the icy waters.
www.chias.org/www/edu/mitc/rivte.html
What factors would you consider when studying
the impact of climate change on different species
of penguins—migration patterns, birth weight, or
some combination? Would you isolate one species to
explore these factors? What questions would you ask
about the habits unique to each species before you
begin your study? Learn as much about the penguins
of one region, such as the Falkland Islands, as an
example before you answer these questions. Draw
a color coded map showing changes over time in
one polar region. Email a letter of thanks to those
conducting the initial research and add any new
suggestions you might have.
www.falklandsconservation.com/penguins/pengcen.
html
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Send It Step: Social Studies/Science

Student Reproducible

17. Individual Systems Exhibits

Deforestation and War
How does war affect a landscape? How does poverty
affect a landscape? Compare and contrast two
countries such as Afghanistan and Somalia. In
Kabul, Afghanistan, a man in his mid-twenties told
of a hillside he remembered planting with cypress
trees with his father as a young boy. The hill was
completely deforested due to landmines by 2005.
In more remote regions, people had begun burning
old car tires because they had long ago run out of
wood to heat their homes during the cold winters.
Drought conditions by 2008 created declines
in food production similar to those in droughtstricken countries long known for deforestation.
Conduct library and internet research that shows
the effect of trees that fall due to social strife. Create
an exhibit based on your findings. Send an essay
to the United Nations Educational, Scientific and
Cultural Organization (UNESCO) by going to the
website and looking for options on the Discussion
Forum, at:
http://portal.unesco.org/education/en/ev.phpURL_ID=53345&URL_DO=DO_TOPIC&URL_
SECTION=201.html
Human Exodus: How Climate-related
Migration can Affect a Human System
Hurricane Katrina hit New Orleáns, Louisiana in
2005. In May 2007, a CBS News story reported that
86,000 families were still living in FEMA trailers.
Half of the city’s residents had not yet returned.
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News reports such as the ones below have discussed
many aspects of this issue, such as whether those
who could not afford to leave suffered greater longterm financial effects than those who were able to
go find jobs and homes in other cities. Read one
positive article about education and one negative
article about low-income housing, both of which
appeared up to two years after the event. Read other
articles about Katrina, if possible. How would you
measure the impact of this climate-related disaster
on its human population—in terms of this city’s
population and migration pattern? Its rebuilding
practices? Its schools? If statistics exist, compare
the results of the storm with the impact of a local
weather disaster or to the impact of Hurricane
Ike on Galveston, Texas in 2008. Are your sources
from scientific bodies? Identify which sources are
based on fact and which are based on opinion.
Explain how you could conduct a study that is both
qualitative (measures quality) and quantitative (uses
numbers)? Include your suggestions for studies in
a letter to your local representative in Congress
recommending ways to incorporate respect for all
participants within a system. Conduct a keyword
search or check news and government sources such
as the following to start your research.
http://abclocal.go.com/kgo/story?section=news/
business&id=5960740
www.nytimes.com/2007/12/14/us/
nationalspecial/14orleans.html?_r=1&oref=slogin
www.congresslink.org/

Share It Step: Science/Art/Math/Technology

18. Making Concepts Visual

As a Climate Change Agent you create change
through deeds, words, performances and even
art installations.

An installation consists of more than art hanging
on a wall. As a three-dimensional object, it may
even require some last minute construction in the
process of “installing” it at the exhibition space
or gallery.
Continue to develop installations that tell
the story of climate change and its potential
solutions. As you do, agree that each group will
make a different diorama to mathematically and
artistically depict one of the following:

Installation 1:
The Epoch of Epic Carbon
More carbon exists in the air now than in the past
650,000 years. Create a cylindrical object like a
megaphone. Decorate the outside of it showing
historical markers over the past 650,000 years.
You may use the adjacent chart as an example
or conduct web research to add other interesting
elements specific to your region. Research rising
carbon in the current century and add a “Present
Day” chart to your notes. Color code your object.
You will show sustainable levels in the long period
between the first and last period. Write a description
of the brownie experiment to explain why. (You may
want to serve brownies at the exhibit.)

650,000 More ice-ages. Genesis of Homo
Sapiens
350,000 Last 3 ice-ages. Genesis of Homo
Sapiens Sapiens
150,000 	Origin and spread of Homo
Sapiens Sapiens. The last ice-age
50,000 Homo Sapiens Sapiens
established world-wide. Climax
and end of last ice-age
10,000 Life during the present
interglacial. The rise and spread
of agriculture and state societies
5,000 Wars and conquests. Ancient
city-states and empires
2,000	The Roman Empire and its
aftermath
800	Europe and the World since the
Black Death
250 	Europe and the World since the
French Revolution
Present Day
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Share It Step: Science/Art/
Math/Technology

Student Reproducible

18. Making Concepts Visual

Installation 2: Water World
and Climate Change
Eight of every ten people in the world live in
coastal cities. However, even water becomes a
problem when erratic weather patterns bring
on too much of it. Cities prone to flooding are
among those to most strikingly witness the ill
effects of climate change
Conduct web research to track the percentage of
increase in floods in the Gulf Coast region of the
US between 2000 and 2008 (or in the coastal
regions of your country during the same period).
Represent the measurements with a paper mache
or clay diorama to show rising or decreasing flood
waters. Write a description of the relationship
between climate change and flooding to put
beside your exhibit.

Installation 3: Energy Espionage
Heat waves create fertile conditions for bacteria,
mosquitoes and other disease-carrying insects.
Malaria, dengue fever and encephalitis all increase
when hot, humid climates become hotter. In
the United States, asthma rates have more than
doubled in recent years, preventing children from
playing outside when the pollution levels are
high. See whether you can isolate potential links
between energy use, population size and asthma.
First, answer some basic research questions. Does
your city have a lot of pollution based on the
number of cars and factories? Do you know how
to check the pollution count? Call your local
hospital or your local weather service to find out.
Now check the web or a local health care clinic to
see how you can find out the asthma rates in your
city. List each factor as a bar on a bar chart.
Next, compare your statistics with those of a sister
classroom in a contrasting city, either in your region
or across the globe. Can your sources help you use
the same research tools? If so, create a second bar
chart. How did the pollution rates and the asthma
rates relate to each other? What factors can you
isolate as causes for the similarities and differences,
i.e. number of cars owned per adult, type of heating
predominantly used in the area, etc.? Add as many
bars as you have contributing factors.
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Share It Step: Social Studies/Science

19. Biodiversity Fun-raising: It’s a Cakewalk

Prepare a fundraising or a “fun-raising” exhibit for
your event. Challenge students to perfect the process
in class first before teaching it to visitors.
Present the following reading selection,
“Frogs, Foal, Penguins and Polar Bears” to read
individually or aloud in class, then follow the
guidelines on the instruction sheet. Incorporate
tickets if you want to charge money, to raise
funds for your carbon offset project.
Include the cake walk as an educational activity if
you do not include it as a fundraising option.

Clim a t e C H AN G E A G ENT S

| 63

Student Reproducible

Frogs, Fowl, Penguins
and Polar Bears
Close your eyes and imagine yourself on a warm
summer evening. Rain has cooled the air, and the
frogs have come out to serenade you. You close
your eyes and feel respect for the diverse flowers
and plants along the stream that attracted them
to its shore. After listening to their song, you take
a leisurely stroll to the hut where you are staying.
You see a lizard or gecko rush along the wall and
grab a bug, relieved that the bug did not eat your
dinner or run across your toes. A piece of bread is
waiting for you—an evening snack you have been
thinking about. You find a bottle of warm honey
and spread it on the bread, feeling grateful for
the bees whose hard work created it. Filled with a
sudden respect for all these creatures, you wonder
what the world would be like without them.
***
Your wondering may be justified. Sixty-five species
of Harlequin frogs and 112 amphibian species
have become extinct since 1980. The scientist
who researched the diseases killing the frogs
blamed climate change for the emergence of
these diseases and for the changes in habitat. In a
January 2006 issue of Nature, J. Allen Pounds was
quoted as saying, “Global warming is wreaking
havoc on amphibians and will cause losses of
biodiversity if we don’t do something first.”
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Share It Step: Social Studies/Science

19. Biodiversity Fun-raising

Nineteen scientists from around the world, cited
in an earlier (2004) issue of Nature, predicted
the loss of a million species by 2050. Butterfly
populations are declining. Bee pollination is
decreasing. Georgia’s state bird, the Brown
Thrasher, is flitting away. As polar ice caps
melt, walrus babies are stranded on islands and
then drown trying to reach their mothers. The
declining population of polar bears also drown
as they swim farther and farther in search of ice
islands to perch upon as they dive for food. This
happens because the rising temperature of the
water melts the glaciers they call home.
Humans also are affected in dire ways by the
changes in human systems brought about by
climate change. In 2008, by the end of May, the
United States had documented more tornadoes
than in any year in recent history. In some
parts of the country, record heat was followed
up the next week with record cold. Erratic
shifts in climate follow the trend of increasing
temperatures and play with the weather systems.
This, ultimately, affects the lives of all the species
living on our planet.

Biodiversity includes the term for life (bio) and
the word for various types of things existing
together (diversity). Scientific research has shown
that the more diversity we have within a human
community, the healthier that community tends
to be, because we do not continually repeat the
genetic tendency toward the same diseases and
disorders. In similar ways and in even more ways,
when we bring together plant and animal species
of many types, we create a healthy community.
Each species within an ecosystem serves a unique
function. Each depends upon the other to make
the whole community healthy and sustainable.
When we remove one species, we affect the whole
community.
You can show respect life for life on the planet by
protecting biodiversity.
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Biodiversity Fun-raising:
It’s a Cakewalk
Instructions
Traditional community carnivals often included
a cake walk, in which everyone walked around a
circle as the music played, following the numbers
on the floor. When the music stopped playing,
each person stopped on a number. A number was
then drawn from a hat and the person standing
on that number received a free cake.
This version, however, is no cakewalk. Instead the
person whose name is drawn represents a species
being removed from the ecosystem due to the
havoc wreaked by climate change. The students
must evaluate the impact and determine what
they can do to minimize the damage. This activity,
once learned, can be repeated at the school-wide
event to help student educate the public.
Preparation for the Activity:
1. Prepare index cards before class with the
names of ecosystem community roles.
2. Bring a CD player to class. You will play a
song as you would in a game of musical
chairs.
3.	Number pieces of paper up to ten, based on
the space available in your room, and bring
tape to attach them temporarily to the floor.
Prepare a second set of cards whose numbers
correspond to the papers on the floor.
4.	Allow at least one class period for
research in class or in the computer lab
before the activity.
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Share It Step: Social Studies/Science

It’s a Cakewalk

Before You Begin:
1. Individually or in silent reading time,
have participants read about Frogs, Fowl,
Penguins and Polar Bears.
2. 	Assign research at the computers or in text
books to challenge students to identify
declining species in their own region. They
must also identify other species in the
same ecosystem that will be affected by the
declining species. Discuss their findings as
a class.
To Play the Game:
1. Write the names of the identified species
on the back of the index cards or have the
students do so.
3. 	Ask the students to stand in a circle.
Distribute an index card to each student.
(Assign more than one student to a role
and use several smaller circles if needed.)
Ask several students outside the circle to
be a team of scientists and lawmakers.
4. Play the music and ask the students in the
circle to begin walking.
5. Stop the music. Randomly draw a
numbered note card from your own stack.
Read the number. Ask that person to
announce his or her species and step out
of the circle. They must plead their case,
with the help of scientists, to tell what

the impact will be on the ecosystem to be
let back in. The lawmakers will determine
their case.
6. 	Challenge the students in the circle to
consider the effects of removing that
particular species from the ecosystem.
Each can say what they think the impact
will be on their particular species to
influence the decision.
7. It may become apparent that further
information is needed to complete this
assignment thoroughly. If so, assign
the students to work in small groups to
conduct web and library research.
8.	Recreate the activity at your school-wide
event, with students teaming up with
participants, giving facts to help them
complete the activity. Each participant
receives a cupcake or cornbread—in a
biodegradable wrapper, of course.
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unit I: we’ve got connections

Sustain It Step: Language Arts

20. R-e-s-p-e-c-t: Find Out What it Means to Me

Review the meaning of the word respect
as it relates to preservation of species or
participants within a system.
Have students meet in pairs to discuss the activity
that made them feel the greatest fulfillment as
a change agent during the study of respect and
interconnectedness. What projects assisted them
in making a greater commitment?
Let them share the highlights of the conversation
with the whole class.
They may want to share highlights from personal
journals regarding observations of nature. Did
everyone continue recording their observations
each day? Take another walk, as needed, to
refresh each learner’s memory and chart any new
developments in the community.
How will the class sustain the commitments
made, to encourage respect for the interconnected
participants within the community system?
Challenge students to write new commitments
for personal and group action in the journals. A
list of ideas for respect-building actions follows.
The topics explored in upcoming units will teach
specific ways to add to these commitments.

Sample Respect-building Commitments:
1. I will show respect for life by thinking
about the relationship between my life
choices and the quality of life for others
within this living system.
2.		I will research human impacts on climate
change and examine my personal habits as
well as leading the community to explore
what we can do as a culture to reduce
carbon use.
3.		I will consider how my personal skills
and talents can motivate awareness,
collaboration and better practices among
all, to generate widespread respect for all
living systems.
Physical Education Challenge:
To engage your physical education instructor in
the Sustain-It activities, begin early in the year to
plan a Walkathon for the World to raise funds
for climate change research. Write to the United
Nations Environment Program-Regional Office
of North America (www.unep-rona.org) for a
suggested recipient. You may want to invite your
track team to play a leading role. Check with city
officials about the requirements for staging such a
community event.
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Unit II: civic-mindedness—Kick the Carbon Habit

Learning Outcomes
(See Standards in Appendix C.)
Character Education
Students will:
• Relate civic-mindedness to the smooth
functioning of an informed society.
• Make commitments regarding civicminded actions and learning about
renewable resource use.
• Demonstrate the capacity to distinguish
civic-minded choices when faced with
hypothetical challenges about energy in
nine industries.
Academics
Students will:
• Write a research paper as a chapter for a
class compilation on nine climate point
indicator topics.
• Conduct an experiment contrasting two
energy sources’ release of particulates into
the atmosphere.
• Learn a simple system for bringing solar
energy into a room.
• Graph a classroom carbon footprint and
research the carbon footprints of nations.
• Evaluate mathematically which television
sets are most energy-efficient.
• Learn the chemical properties, compounds
and applications associated with
hydrocarbons.
• Review the history of the light bulb and
the electrical units of measure as they
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study energy-efficient lighting.
Express electrical units of measure as
algebraic equivalents.
Review Ohm’s law and use it to generate
theories on transporting power along a
grid.
Demonstrate experiments to conduct
electricity and design an upgraded
engineering model using the scientific
process.
Read about the engineering advances that
led to CFL bulbs and choose a biography of
another civic-minded engineer.

The Arts
Students will:
• Perform a dance in which alternative
energies share the stage with
hydrocarbons.
• Create book marks as part of CFL bulb
campaign.
• Illustrate an original class book on climate
change.
• Create an installation showing
improvements in current wind or solar
technologies.
• Rehearse and perform music encouraging
civic-mindedness.
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Conflict Resolution
Students will:
• Practice using facts as well as civicmindedness when resolving disputes over
home energy choices
Community Service
Students will:
• Keep a climate change journal to record
their civic-minded acts.
• Students find their carbon footprint
and commit to offset their use of
nonrenewable energy with civic-minded
action.
• Save energy by conducting a home energy
audit.
• Design a questionnaire for school officials
to assist in the development of a schoolwide energy plan.
• Conduct a neighborhood campaign to
encourage light bulb replacement and
proper disposal.
• Present a compilation of papers on climate
change topics to a local library and give
readings or multimedia presentations
based on the works.
• Redesign a public space to reflect climatechange-sensitive land use planning.
• Engage in community organizing and
change personal habits to change a
community’s carbon footprint

Notes on Usage
Use the Learning Outcomes page
to preview integrated themes. Turn
to the actual activities when your
teaching team meets to explore the
options for student-centered learning.
Teacher’s lesson plans are indicated
with the type of activity as a header.
Pages with shaded borders are student
reproducibles.
Skim the unit to ensure ample
planning time in working toward the
culminating service goals. Vocabulary
words may be introduced in the
language arts class or may be referred
to as needed. Some climate change
terms are defined in context within
individual lesson plans.
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Student Reproducible

Unit II: Kick the Carbon Habit

vocabulary words
sustainable (adjective) capable of
enduring over a long period of time
based on the qualities that promote
life, health or functionality
salinity (noun): measurement
of the amount of dissolved solids
(salt) present in water, especially
seawater
conveyer belt (noun): two or
more pulleys on a belt, used to
carry material from one point to
another
penance (noun): an act of selfpunishment
hydrocarbons (noun): chemical
compounds made of hydrogen and
carbon; the composition of fossil
fuels
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incandescent (adjective): whitehot, glowing; referring to the
traditional light bulbs
ice floe (noun): a segment of
floating glacial ice
mosaic (noun): decorative art
made with small pieces of colorful
glass, tile or stone
microclimate (noun): climactic
conditions within a small area of
just a few feet of a neighborhood or
canopy of vegetation
desertification (noun): decline
in the productivity of the soil in
arid areas due to climate change
and other factors
acidification (noun): the
change in ocean chemistry caused
by absorption of increasing
atmospheric carbon, nitrogen and
sulfur compounds
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pandemic (noun): a more
widespread version of an epidemic;
an infectious disease that spreads
over a large region or even spreads
worldwide
drought (noun): an extended
period of months or years when
water supplies decline
For definitions of energy sources,
see Kick the Carbon Habit game.

Sense-it Step

1. Civic-Mindedness and Renewable Resources

Ask students to close their eyes.
Pass around an old book.
(Choose one that has a weathered but not
mildewed odor.) Have everyone sniff the book
and see if an image comes to mind. Let them
open their eyes.
Ask volunteers to tell what memories the aroma
suggested. It may remind some of time spent in a
public or school library.

Discussion Points
Ask, Have you ever checked out a favorite library
book you could not finish? Have you ever had a
research report that you could not finish before a
needed book was due?
In either case, were you able to renew the book?
What would happen in a library where no
renewals were possible?
What if everyone just kept the books they
borrowed?
[There would soon be no books and, eventually,
no library.]

What makes a library work? The public library
was the first institution in the modern world
that allowed people of all ages and classes to stay
equally informed, as long as they could read. Did
the concept of a library require a sense of shared
responsibility, by definition? Why or why not?
Libraries encouraged everyone to share the
responsibility to create a literate society. Also,
library fines encourage people to return books
rather than keeping them, even if they can afford
to do so.
If people removed materials and never brought
them back, the concept of the public library could
not exist. To participate in a civic society, all
participants must return their books.
Give students the opportunity to consider how
this same concept applies in science. Define
any words students may not know, such as
“sustainable.” If possible, bring in current events
articles from internet or periodical sources and
distribute one to stimulate examples. Include
articles about the loss of renewable resources.
Conduct the following exercise as a small-group
or whole-group activity. Begin to create a current
events bulletin board or notebook of research on
these topics, asking students to especially look for
articles that emphasize solutions.
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Student Reproducible

Sense-it Step

1. Civic-Mindedness
and Renewable Resources

Do Renewable Resources
Equal Renewable Societies?
Consider the following hypothesis: When everyone practices civicmindedness, many or most people benefit. When a few people do not
practice civic-mindedness, many people can suffer. Is this true?
For example: If everyone had scientific knowledge
about a health or environmental problem in their
own community and knew that their inaction
would endanger the safety of others, how many
people would need to act, for the sustainability of
the society? Can you think of any local examples?
Are there statistics to support your hypothesis one
way or the other? Use the other side of the paper
if you need more room.
____________________________________________
____________________________________________
____________________________________________
____________________________________________
If no one acts, does the whole system fail? Does
the length of time a system is sustainable depend
on the number of people among its ranks who
take an interest in the issue over time? Could
there be a time when it is “too late” for civicmindedness to save the society?
Can you think of other examples from science
or history that do or do not support your
theory? Discuss your ideas with your partner
and respond below.
____________________________________________
____________________________________________
____________________________________________
____________________________________________
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Explain how civic-minded action makes a
difference in the library of earth’s resources.
Comment on what civic-minded actions relate to
the paragraph below.
Knowledge is indeed power, but how do we read
our library books without electrical power? We
crave earth’s energy resources just as an avid
reader craves a good book. Yet we keep going
to the shelves that hold the non-renewable
resources—the resources we can use only once. If
everyone takes the resources without renewing
or replacing them, the shelves will eventually be
depleted. If we learn to go to the shelves with the
renewable resources, or to restore and replace
resources, perhaps we can generate enough to
satisfy human needs. How does your sense of
responsibility influence you to commit to learn
more ways to shift toward renewable resources?
____________________________________________
____________________________________________
____________________________________________
____________________________________________
____________________________________________
____________________________________________
____________________________________________
____________________________________________
____________________________________________
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Standards-based Step: Science

Student Reproducible

2. Looking Beyond the Surface
at the Source

Introduce the Experiment:
The scientific process can help us contrast the effects of two
renewable and non-renewable energy sources by observing air quality.
Materials:
Candle
Mirror with metal handle
Oven mitt
Heat source
Tongs
Tea kettle or pan of water
1. Light a candle, making sure that it is
standing in its candle holder or in a
nonflammable container.
2. Wearing a nonflammable oven mitt, use
the metal tongs to grasp a small mirror.
Hold the mirror over the flame for five
seconds. Describe what happens.
3. Boil the water in the tea kettle.
4.	Carefully repeat the exercise above,
holding the mirror over the steam
momentarily, not long enough to let it slip
from becoming moist. Observe the mirror
and describe what happened.
5.	Discuss the results with a research partner.

Evaluating Your Results
If the candle represented energy sources requiring
the burning of particulates, what did the candle
emissions suggest?
If the steam represented geothermal energy
created by hot water, how would you describe its
effects, in contrast with those of the candle?
Would you consider geothermal (steam) a
positive choice if you were supplying power to a
community?
The earth’s own heat creates geothermal energy.
This clean, renewable source can be extracted
from shallow ground water or from the hot
rocks miles beneath the surface of the earth.
The magma, or molten rock, at the earth’s core,
produces the hottest temperatures yet. All three
sources generate energy without reliance on
fossil fuels and without the same emissions of
particulate matter.
Learn more about the many other alternatives for
renewable energy that exist today, and consider
the choices you would make if you were a civicminded decision maker.
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Storytell It Step: Language Arts

Student Reproducible

3. Kick the Carbon Habit —
An Activity with Passivity

A funny thing happened one day when a mother came
home to her son, the environmental science student.
She found him reading a book, with his feet
stretched out next to a large plastic tub of water
on the coffee table by the patio door.
“Is this your new aquarium?” she politely asked,
although she had never seen a plastic aquarium.
She peered inside and saw no fish. “Oops,” she
said. “I’m sorry the fish passed away so soon.”
“That’s no aquarium, Mom,” he patiently
explained. “That’s my passive solar heating
system.”

Well, it did look passive, she had to admit, but
there was a lot more going on inside that tub than
met the eye. On a wintry but bright sunny day,
the sun would pour in through the patio window.
It would pass through the water molecules, which
would retain (store) the heat, in the same way that
a swimming pool becomes increasingly warmer as
the day wears on. By evening, when the sun went
down and the frost thickened on the window sill,
the tub of water had generated so much heat, it
warmed the whole apartment. There was no need
to turn on the thermostat. Many a winter’s night,
this simple passive solar heating system replaced
other forms of energy.
What can you picture yourself doing to
get involved for the sustainability of the
climate?
Keep a climate change journal. Picture
civic-minded actions you can take. Write
short stories such as the one above, to
envision yourself as a change agent.
Compile them in a class book for the
school library. Seeing yourself in action is
the first step toward taking the action.
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Standards-based Step: Science/Math

4. Carbon Footprints in the Community:
Results and Remedies

The National Forest Foundation’s Friends of the Forest program
helps individuals, families and businesses identify their carbon
footprint online. This project challenges students to gather
information, enter it on the site, and make pledges to help friends,
relatives and community groups reduce their carbon footprint.
Students will gather information about utilities,
cars and airplanes and prepare to compensate for
the use of these energy sources even if they are
not the primary users. For instance, perhaps their
parents do not own a car, but their grandparents
own a small business. Or they may not have flown
on an airplane, but they may enter miles and make
sacrifices for a favorite basketball player who has
to travel. The student could then write to the ball
athlete to tell him of this action and suggest that
if the player has already completed his carbon
offsets, he can log onto the site on behalf of his own
teammates.
The project can involve the whole class in
developing one joint carbon footprint by combining
and adding each student’s total entries.
Step 1: Discuss the main idea.
Discuss the concept of a carbon footprint (the
amount of carbon used each year by an individual,
family or group).
Step 2: Consider civic-mindedness versus
paying someone to use energy unwisely.
Discuss the concept of carbon offsets—
compensating for energy used by replenishing the
environment in some way. This does not mean
you can “pay penance” for having destroyed the
environment but, rather, that by doing something
helpful, you might generate a reverse effect to
compensate for necessary energy use.

Step 3: Identify needed data.
Have students identify the groups or individuals
whose data they will collect. Overnight, they will
need to estimate the miles driven, miles flown
and utilities used. See the website http://www.
becomeafriend.org/carbon/report.php for details.
Step 4: Take students to the computer lab.
Challenge students to gather research on the topic
at home or through the business or group on which
they are reporting.
Step 5: Challenge students to make pledges.
Have students input their carbon footprints online.
Ask them to identify the remedies they will choose,
whether they are acting on their own behalf or on
behalf of someone else’s footprint. Add a step, if you
like, by offering the worksheet Carbon Fingerprint.
Step 6: Do the math for a class exhibit.
Compile all the data in a class-wide report.
Challenge the students to find the class average.
Step 7. Send letters.
Students each write their commitment in a note
to the family or group they represent, telling them
what commitments they have made on behalf of
the group. (If it is a family, they should involve
the whole family in the discussion.) They can also
print or rewrite the list of remedies to include, to
remind the recipient of actions to take to offset the
individual carbon footprint of each group member.
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Student Reproducible

Standards-based Step: Social Studies

5. Civic-minded Channel Surfing

By now, you have thought about how much time you spend
traveling each day—on foot, on a bus, or in a car. Don’t forget
to include the time you spend channel surfing on a television!
When it comes to energy savings, sometimes
older is better. You may not be surprised to learn
that the old past-century television set on the
coffee table uses fewer watts than your neighbor’s
wall-sized in-home theatre. The sharp rise in the
purchase of 52-inch flat screen TVs happened
without government regulation.
By 2008, during peak viewing times, such as
America’s Super Bowl Sunday, televisions in
one state sucked up the equivalent of 40%
of the power generated by one of its nuclear
power stations. Regulators scrambled to develop
guidelines for manufacturers, but only public
interest in making responsible choices can fully
regulate the market. How would civic-minded
channel surfing relieve the burden on the
power grid?
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Conflict Resolution Challenge
Review the information on conflict resolution
in Appendix A. Study the information on the
Carbon Fingerprints chart.
Work with a partner to resolve a hypothetical
conflict between two family members. The family
has just received a gift certificate at an electronics
store. The two family members disagree on
whether to buy a large screen television set. One
wants to stick with the older, smaller television.
Resolve the issue on the conflict bridge.
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Teacher / Student Reproducible

Standards-based Step: Math

6. Carbon Fingerprints
Television Types
Cathode Ray Tube: A CRT transmits sound
and pictures from a local TV station. A CRT is a
vacuum tube whose phosphorescent surface is struck
by electron beams. These sets are seldom larger than
36 inches.

What kind of television
did you last view?
What kind of television did you last view? Take
a look at the information imprinted on the set.
Look for it on the following table of sets most
commonly used in California in early 2009. Then
respond to the questions below.
		
Common		
Television
Power use
Types
in Watts
		
Cathode
Ray
101

Energy Use in
Kilowatts per Year
(number in
millions statewide)

4,295.1

DLP (Digital
Light Processing,
with rear
projection)

245

327.1

LCD (liquidcrystal display)

144

2,910.9

Plasma

361

1,239.2

Average

129.78

Total

980.78

8,772.3

*Based on Marc Lifsher, Los Angeles Times,
January 4, 2009, A13

DLP: In the 1990s, the first of the rear projection
TVs became popular in place of CRTs. The DLP TV
uses tiny microdisplay panels for rear projection.
Its lenses and mirrors make it possible to create a
much shallower and wider screen, but it is not as
impressive as the LCDs and plasmas.
LCD: A high-quality LCD looks like a low-quality
plasma. It is thinner than a DLP.
Plasma: A flat-panel screen heavier than an
LCD yet more expensive, plasma TVs create a
picture from a gas (plasma) filled with millions of
electrically charged atoms and electrons. Plasma
TVs offer large viewing areas and are very thin.
1. When the study was completed, how many
televisions were in use in the state?
2. What type of television set was the most
common?
3. Which set was the least common?
4. When you study the ratios of sets in use and
kilowatts of power used, which set was the
greatest drain on the system? What equation
would you use to determine your answer?
5. Which set would you choose if you were
purchasing a television?
6. Would your community benefit from an
installation at your exhibit where people
can receive their carbon fingerprint—an
assessment of the energy efficiency of their
television? Who in your community could
help you with the project?
7. How would you design a card to give them
assessing the civic-mindedness of their
choice while offering encouragement if they
have a power drainer? Could they receive
points for limiting the number of hours the
set is on each week? Work with your teacher
to design a system that focuses on positive
reinforcement.
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Standards-based Learning Step: Social Studies

7. Tracking National Footprints

Find the carbon footprint
of your country by looking
up the map facts for carbon
emissions for the most recent
year available, using the
website below.
Compare the results with those from the
neighboring countries on each side. How does
each neighbor compare?
www.worldmapper.org
Now research the education, health and well
being of each nation using online sources. Can
you identify the per-capita income or the gross
national product of each nation? What are some
other measures of quality of life?

Discussion and Action
Do you see a need to offset technological
resources with greater awareness?
Do the countries that rely on imports and
exports have a larger carbon footprint? Do global
relationships affect their footprints? Do they
learn from other nations?
Discuss these issues as a class. Design sample
conflicts to resolve on the conflict bridge
accordingly.

Do the nations with the highest standard of
living emit a higher level of carbons? Do the
nations with a higher or lower educational level
tend to show greater awareness of energy-efficient
practices? What influences energy consumption
in each country, based on your research?
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