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2016 is displacing 2015 as the warmest year in all recorded history. 
(In fact, the ten hottest years have all fallen within the last 20 years.) 

• What does the science say about the causes of global warming ?

• How important is it for students, faculty, staff, and parents to be 
aware of global warming emissions generated by schools ? 

• How can schools and school communities best address questions 
about sustainability, global warming, and climate change ? 

• How can teaching climate and sustainability help meet standards? 

http://www.sustainlv.org


About This Project 

Background

Several years ago, a couple of us were in a local coffee shop when six students from the nearby high school 
sat down at the table next to us. We wondered how much they learned in school about the climate crises. 
As they were getting ready to leave, I asked what they had learned in school about global warming. All six 
replied simultaneously with one word: ‘Nothing.’ We suspected that this probably was not literally true, but 
it was clear that whatever was covered did not leave much of an impression. This conversation eventually 
led to initiatives to increase schools’ coverage of this critical issue, including developing materials to help 
teachers.
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“A good question is never answered. It is not a bolt to be tightened into 
place, but a seed to be planted and to bear more seed toward the hope of 
greening the landscape of idea.”

   —John Ciardi, American poet, writer, and scholar
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Introduction 

The purpose of this guide is to help teachers find ways to integrate climate and sustainability 
concepts in their classrooms—in ways that will enrich and enhance the classes and help meet 

learning goals. Sustainability concepts are inherently complex and well-served by interdisciplinary 

approaches, so we also include ideas on how that could work. Equally important, it’s essential that 

these topics be covered in core subjects in which all students participate, not just environmental sci-

ence or other elective courses.

It’s important for schools to be leaders in raising community awareness of global warming and 

climate change. As the Bethlehem Area School District put it:

We believe educational institutions have a special responsibility to demonstrate leadership 

in their communities as responsible stewards of shared environmental resources. We fur-

ther believe the potential for adverse health, social, economic and ecological effects result-

ing from climate change are real.…

School districts that proactively address environmental concerns better serve their students 

and their communities. These school districts provide students with the knowledge and 

skills needed to address the critical, systemic challenges faced both locally and globally. 

—Bethlehem Area School District Climate and Sustainability Commitment, adopted April 2014

We are not trying to provide a curriculum or even individual units or lesson plans—our goal is sim-

ply to provide a variety of entry points that can help teachers integrate climate and sustainability 

issues in your classroom. Adapt the information you find here to fit your classes, your students. It’s 
not an addition to what you have to cover—it’s a way to help meet learning goals and to enrich and 

enhance your classes, a framework that can help you reach goals for student learning and skill de-

velopment. 

This is not just for science teachers! In fact, a pure science perspective may fail to develop 

the social, ethical, and political contexts that are critical to understanding this issue. This guide 

provides context and information for teachers in any subject area to feel comfortable with these 

topics—background information and sources on global warming’s causes, impacts, and social-justice 

implications. We also include sample ideas for engaging students in every subject area. 

It’s also worth mentioning that people tend to use the terms global warming and climate change 

interchangeably. Global warming is the direct result of more heat being trapped by higher levels of 

greenhouse gases in the atmosphere, causing slow increases in temperature. The warmer land and 

oceans causes climate change that we experience directly. So global warming and climate change 

aren’t exactly the same, but they both refer to the same phenomena.

Why measure your school’s emissions? 

Many students are familiar with individual ‘carbon footprints’. While these can be useful, a GHG 

inventory measures the footprint of the institution and makes it easier to see that global warming 

and climate change are systemic problems that need action by institutions, organizations, and gov-

ernment, not just individual choices. And a GHG inventory helps make the concepts more visible 

and understandable. (Of course, school districts should inventory their GHG emissions and publish 

the results as a way to increase community awareness, but many don’t do this.)

Most important of all, it is a good starting point for students to explore what can be done to re-

duce emissions and to begin a deeper engagement with the ideas of sustainability—and to develop 

http://www.sustainlv.org/focus_on/schools-climate-sustainability-commitment/
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critical-thinking skills that will enable them to play a role in solving the emerging problems. It can 

also help students develop their skills in research, data collection and analysis, teamwork, report-

ing, and presentation.

Because the inventory is based on internationally-recognized protocols, it is a well-defined and prac-

tical project that has many opportunities for students to explore and engage; it is even quite possible 

to guide students to complete the inventory themselves. And we provide the School GHG Calculator 

to simplify the process. 

Since this isn’t just for science teachers, we have included a brief overview of the greenhouse effect, 

Earth’s carbon cycle, sources of emissions, principles of GHG measurement and accounting, and 

ideas for using the results to create change. (Since this guide will be used in a variety of settings, 

we highlighted some potential vocabulary words and provided reasonably concise definitions; 
whether these are appropriate for your class depends on the academic level of students and the sub-

ject matter you are covering. There’s also a quick refresher on the metric system.)

A GHG inventory is only one step towards raising awareness and promoting a sustainable future. 

It uses real data about one’s own school, so it provides a neutral, factual way to initiate discussion 

of sustainability in all subject areas. At the same time, the multiple and interdependent elements of 

sustainability provide a powerful framework for learning about and understanding social, political, 

and economic systems, as well as quality-of-life issues and new ways to solve problems.

Many students understand that global warming and climate change, and the need to live more 

sustainably, are real problems that affect or threaten their futures. This can help some students en-

gage more easily and fosters skill development. The focus on using what they learn to create change 

in their own school and community can also increase their interest, so a GHG inventory is not only 

an initiating activity to get discussion started—it’s also a good basis for culminating activities that 

raise awareness in the school and in the community. 

Warning: even as we enter 2017, you may encounter climate skeptics—students, parents, or col-

leagues who doubt that global warming is real or caused by human activity. The resources listed 

throughout this guide can help you deal with any such situations. 

Interdisciplinary Approaches and Sustainability

Because global warming and climate change affect all sectors of thought and life, they, like other 

sustainability concepts, are inherently complex and are well-served by interdisciplinary and inqui-

ry-based approaches that bring out the complexity of whole systems and the interdependence of the 

various parts. Some teachers report that integrating climate and sustainability into their subject 

area helps them meet curriculum goals and that many students find these discussions relevant to 
their futures. 

An individual field or subject may address some aspects of a question, but an interdisciplinary ap-

proach—a systems thinking approach—provides additional entry points, encourages critical think-

ing, and integrates multiple perspectives, thus helping develop a more-complete understanding. 

Ideally, individual subject-area teachers will coordinate their work—but one teacher can also bring 

out the various perspectives. This is doubly important when exploring sustainability, global warm-

ing, and climate change, because these topics involve multiple disciplines and fields of knowledge—

and the various perspectives are important to help students develop meaningful understandings of 

these complex topics. 

“Ideas for Teachers – Individual Subjects” on page 31, gives examples of ways that climate 

change and sustainability can enhance nearly every subject area. (You will probably see some 
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things that seem obvious to you, because this is written for teachers with a wide range of experi-

ence who are teaching at different grade levels.) 

Teachers of younger students have emphasized that it’s important to build students’ awareness of 

nature and the environment, develop their ability to express their observations, and help them ask 

critical questions about what they see. (The subject guides were developed with high schools in 

mind, but teachers of younger students are also encouraged to look through the individual subject 

areas, because many of those ideas could be used to generate activities for younger students.) 

A school greenhouse gas inventory provides excellent opportunities for interdisciplinary approach-

es—and reaching out to other teachers helps spread the word (and the work!), while bringing new 

perspectives and ideas to the topic. 

• Art, Communication, English, Journalism, and Writing teachers can help students 

explore the scientific and human aspects of global warming and climate change—and can 

help them get the word out to the larger school communities in ways that are effective. 

Here’s a chance to explore and develop techniques in ways that help promote sustainability. 

• Economics & Business teachers can help develop understanding of how our economic 

system is increasingly affected by global warming and climate change—and also encour-

age some activities that increase the problems. These topics are likely to promote some 

real engagement with important economic ideas.

• Family & Consumer Sciences (aka Home Economics) teachers can help students 

explore ideas to save energy, reduce global warming and climate change, and eat in ways 

that promote sustainability and health—and are directly relevant to their futures! 

• Government teachers can help sort what’s happening with government action and inac-

tion here in the U.S. and throughout the world. This can help teachers develop their stu-

dents’ understanding of how governments work.

• Health teachers can help build understanding of the health impacts of global warming 

and climate change (and other environmental health issues, especially local concerns), an 

area that can be very interesting to students of all ages.

• History teachers can help promote understanding of how our knowledge about global 

warming has developed over time and its relation to other events. Using the lens of his-

tory helps students see how current events are shaped—and how we are writing ‘future 

history’ every day. 

• Math teachers can help students develop an understanding of the complex mathematical 

relationships involved in carbon emissions, the global warming potential of different sub-

stances, and how the inventory spreadsheet works and why it is set up the way it is. In 

the process, they not only use many mathematical concepts and skills, they develop stu-

dents’ understanding of the critical role of mathematics in the real world.

• Science teachers (including Astronomy, Biology, Chemistry, Environmental Science, and 

Physics) teachers can help students understand global warming; how greenhouse gas 

emissions (GHG) are produced; how global warming leads to climate change; connections 

to energy, agriculture, and deforestation; and feedback loops and ‘tipping points’. Having 

students look at a real-world problem such as global warming can deepen their under-

standing of the importance of science and as a guide to sound policy development. 

• Social Studies (including Government and History) teachers can help students grasp 

the complex ways that human society affects and is affected by global warming and cli-

mate change, including big-picture questions about climate justice, our use of energy, our 

industrialized food system, government regulation, and consumerism. 
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“The good thing about science is that it’s 
true whether or not you believe in it.” 

—Physicist Neil deGrasse Tyson
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Global Warming, Greenhouse Gases, and Climate Change

The Greenhouse Effect and sources of GHG emissions

What is the ‘greenhouse effect’? Just as a greenhouse allows sunlight to enter but prevents heat 

from escaping, certain gases (greenhouse gases or GHG) in the Earth’s atmosphere work in the 

same way, a phenomenon called the ‘greenhouse effect’. These gases come from both natural cy-

cles and human activity. In addition to the carbon dioxide (CO2) produced by burning fuel, humans 

are also responsible for some other emissions, including methane (CH4) from natural gas extraction, 

nitrous oxides (NOx) released by synthetic fertilizers, and refrigerants used in appliances and air 

conditioning systems. 

Many of these GHG have a global warming potential much greater than carbon dioxide. According 

to the EPA, methane has over 25 times more global warming potential (GWP), nitrous oxide has 

a GWP of 300, and some refrigerants have GWP measured in the thousands. 

If it were not for greenhouse gases trapping heat in the atmosphere, though, the average Earth tem-

perature would be about -18°C (0°F). The greenhouse effect has kept Earth in a range that supports 

life—but due to human activity, more greenhouse gases are being produced, resulting in additional 

warming that’s changing the climate. (When an activity pushes warming beyond the natural cycles, 

it is called ‘forcing’.) The greenhouse effect is a case where more of a good thing is not desirable—

increasing GHG causes a stronger greenhouse effect and produces global warming. 

Where do Greenhouse Gas Emissions (GHG) come from? Carbon dioxide (CO2) moves through the 

environment in natural cycles of photosynthesis, respiration, and decomposition. Much of the carbon 

has been safely held by plants, oceans, and soil that serve as carbon sinks. Human activity is now 

generating more greenhouse gas emissions than the system can handle. 

Big Ideas

• Labeling something as ‘good’ or ‘bad’ can obscure the truth about complex systems

• Natural systems can be thrown out of balance by human activity. 

Sources and links to additional resources. 

Earth’s carbon cycle

Carbon is one of the most abundant elements on Earth, found in almost every living thing on this 

planet. Green plants take up carbon dioxide in photosynthesis, and plants and animals release it 

through respiration as well as when they die and decompose; it is also exchanged directly between 

oceans and the atmosphere. 

In natural ecosystems, matter and energy flow throughout the system, and the outputs from one 
organism or process are inputs to another; there is no waste. The ‘waste’ CO2 from respiration and 

decomposition is the raw material for the next cycle of growth by green plants. These cycles were in 

equilibrium for centuries, with atmospheric levels of carbon dioxide ranging from 250 to 350 parts 

per million (ppm). A December 2013 report by James Hansen and 15 other scientists concluded that 

350 ppm is a ‘safe level’ to avoid a climate crisis. 

Human activity is having profound effects on the carbon cycle. Current practices are producing 

more CO2 and other GHG than the system can handle; our activity has thrown the system out of 
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equilibrium. And global warming itself also affects the carbon cycle through feedback loops, in 

which warming releases additional carbon dioxide and methane into the atmosphere. 

Three major sectors lead the way, despite the availability of viable alternatives:

Agriculture and the industrialized food system 

Today’s immense, highly-mechanized farms use far more energy and generate far more CO2 

than the alternative, organic growing methods. Organic growing actually sequesters carbon 

into the soil, creating rich topsoil and reducing atmospheric CO2.

Deforestation 

The demand for wood and for land for development, mining, or agriculture threatens forests, 

especially in tropical and temperate climate zones. Clearing forests, though, also reduces 

their ability to absorb carbon, and the cut trees release carbon dioxide and methane into the 

atmosphere as they decompose. Instead, we need to practice sustainable forestry and elimi-

nate clear-cutting and destruction by extractive industries such as mining.

Fossil Fuels 

The combustion process produces CO2 + water vapor as the natural result of burning fossil 

fuels. (Typically, plants also incorporate minerals from the ground, which is why burning 

wood also yields ash.) The alternative, obviously, is renewable energy such as solar, wind, 

microhydro, geothermal, and tidal.

Big Ideas

• Life is a complex pattern of interdependent biological and chemical processes that must 

remain in balance to maintain appropriate conditions for life. 

• Human activity seems very small in relation to the whole planet, but our actions have 

pushed the level of greenhouse gases in the atmosphere past the safe level of 350 ppm. 

Sources and links to additional resources. 

Carbon – Climate Connections

Early in the 20th century, scientists began to suspect that atmospheric CO2 concentrations were in-

creasing due to fossil-fuel combustion, but the lack of data made research difficult. Charles David 
Keeling started recording daily CO2 levels in Pasadena, California, and found consistent levels of 

about 310 ppm, with daytime levels lower than at night, due to photosynthesis. Keeling repeated 

these measurements in many locations with almost-identical results. In 1957, he proposed a sys-

tem of infrared gas analyzers in Antarctica and at Mauna Loa, Hawaii, where they are run by the 

Scripps Institute of Oceanography. Only after these data became available did Keeling realize that 

CO2 levels had a seasonal cycle in addition to the daily cycle. 

“The effects of green house gases could have disastrous results for 
the Earth and the people who live on it, including me.”

—Student ‘Kiana’ (Comment to article in the New York Times, March 2014)
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Using ice core samples from Antarctica, scientists have now been able to trace atmospheric CO2 

concentrations over 800,000 years. The National Oceanographic and Atmospheric Administration 

(NOAA), tracks levels of major greenhouse gases and calculates effects on global warming.

According to the ‘Fifth Synthesis Report’ from the Intergovernmental Panel on Climate Change 

(IPCC), “Anthropogenic greenhouse gas emissions…, together with those of other anthropogenic 

drivers, have been detected throughout the climate system and are extremely likely to have been 

the dominant cause of the observed warming since the mid-20th century.” As noted in the preceding 

section on the carbon cycle, the principal anthropogenic factors causing global warming are agri-

culture, deforestation, and burning fossil fuels. Some of the known and already-visible effects are 

melting of land and sea ice packs, rising sea levels, more evaporation from the ocean, changes in air 

flows, and more intense storm and weather patterns.

In the next section, we will look at fossil fuels, the most well-known source of GHG emissions.

Big Ideas for Carbon - Climate Connections

• Human activity may seem small compared to all of Earth’s natural processes, but our ac-

tions have pushed GHG in the atmosphere far beyond levels scientists consider safe. 

Sources and links to additional resources. 

“If humanity wishes to preserve a planet similar to that on which 
civilization developed and to which life on Earth is adapted, 
paleoclimate evidence and ongoing climate change suggest that 
CO2 will need to be reduced… to at most 350 ppm.”

—Dr. James Hansen, former head of Goddard Institute for Space Studies

The ‘Keeling Curve’ depicts the known history of CO2 levels since 1958.

https://scripps.ucsd.edu/programs/keelingcurve/
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The Energy – Climate Connection

Our thirst for energy is one of the most significant factors in anthropogenic GHG emissions, be-

cause it releases carbon that’s been sequestered beneath the Earth’s surface for hundreds of mil-

lions of years. Taken together, these fossil fuels—coal, oil, and natural gas—contain gigatons of 

carbon, and burning these fuels for heating, electricity, and transportation puts all that carbon back 

into the carbon cycle. 

In addition to the carbon contained in the fossil fuels, the processes of extraction, transmission, and 

distribution add to their GHG emissions. Even natural gas, which has less carbon than the other 

fossil fuels, releases methane (CH4) into the atmosphere at every step of the production and distri-

bution process: the drilling site, pipelines, and compressor stations. Methane is a more powerful 

GHG than carbon dioxide, so these fugitive emissions, added to the CO2 from combustion, make 

the total carbon footprint for natural gas comparable to burning coal.

Some say nuclear power is the answer. While it’s true that existing nuclear power plants do not gen-

erate significant greenhouse gas emissions (GHG) in operation, construction of a new plant has an 
enormous climate impact that takes decades to offset. In addition, the mining, refining, and trans-

port of nuclear fuel, including ‘spent’ fuel, do create GHG emissions. Comprehensive Life Cycle 
Analysis processes can help measure multiple impacts throughout the process. Alternative energy 

sources also have life-cycle impacts, of course, but preliminary analyses suggest their impacts are 

far less than those from nuclear power. 

But how can we meet our energy needs without fossil fuels?

Our current energy system wastes about half the energy contained in the fuel, and much of 

our usage is also wasteful. Conservation and improvements in energy efficiency can greatly reduce 
total power demand (Rocky Mountain Institute refers to this as ‘negawatts’), but there are other 

energy sources that do not cause global warming. 

Here are some proven and effective alternative sources of energy: 

Solar energy bombards the Earth every day—many times more than the current energy 

demand for the entire planet! If we could harness more of this free energy, there would be 

no need for any other fuel. Solar energy is currently harvested by photovoltaic [PV] panels 

(which convert solar radiation into electrical current); estimates place the practical recovery 

potential at over 5,000 TW. Solar energy is also captured by solar thermal systems (where 

solar energy heats water or some other fluid so it can be used for heating); estimates suggest 
2,500 TW recoverable. According to the World Economic Forum, solar is now the least-expen-
sive way to generate electricity—especially remarkable when you consider that fossil fuels 

are subsidized, but solar is not. 

Wind is actually produced by solar energy that causes air movement. Estimates suggest that 

the effective global potential from wind is about 15 terawatts (TW), roughly equal to current 

total energy demand throughout the world. (This assumes wind turbines produce, on aver-

age, only about 20% of their theoretical capacity.)

Tidal & wave power have the potential to generate an estimated at 1.2 terawatts (TW). 

“We should be using nature's inexhaustible sources of energy — sun, wind, and tide… .  

   —Thomas Edison, 1931 (conversation with Henry Ford & Harvey Firestone)
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While these sources of renewable energy do not all produce at the same level at all times, combina-

tions of solar, wind, and tide generation offset some of these problems. We need to proceed with cau-

tion, however; if we are too eager to harvest all this renewable energy, we risk of further disruption 

of natural patterns. (Our past experience should be a clear warning of how much harm can result 

from unintended consequences.) 

Perhaps we asked the wrong question at the beginning of this section—instead of asking how we 

can meet our energy demand, maybe we need to ask how we can adjust our demand to align with 

available resources. 

Big Ideas

• Our ever-increasing demands for energy throw natural cycles out of equilibrium.

• We can meet our energy needs without fossil fuels, using a combination of conservation, 

improve   ments in efficiency, and a palette of renewable sources.

Sources and links to additional resources. 

International Efforts on Climate – IPCC, UNFCCC, & COP

The Intergovernmental Panel on Climate Change (IPCC), is the leading international body for the 

assessment of climate change, established by the United Nations Environment Programme (UNEP) 

and the World Meteorological Organization (WMO) in 1988. Thousands of scientists from all over 

the world contribute to the work of the IPCC, which reviews and assesses scientific, technical, and 
socio-economic information (but does not conduct any research on its own). 

The United Nations Framework Convention on Climate Change (UNFCCC), was created in 1994 to 

facilitate international cooperation in response to the threat of global warming. The first major ac-

tion was the 1997 Kyoto Protocol, which has been ratified by 192 countries and other parties, such 
as the European Union. (The United States is the only major nation that did not ratify Kyoto; oth-

ers include Afghanistan, Andorra, Southern Sudan, Taiwan, and Vatican City.)

Each year, parties to the UNFCCC hold a Conference of the Parties (COP) to plan and coordinate 

action. Most of the COP events, which include countries that did not ratify Kyoto, have produced 

spirited advocacy and discussion, but little action.

“You have been negotiating all my life. You cannot tell me you need more time.” (T-shirt seen at COP) 

—Christina Ora Youth delegate from the Solomon Islands, addressing the plenary at COP15 (2009)
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COP-21 was held in 2015 in Paris, France, with 195 nations participating. The parties negotiated 

the first real agreement committing participants to do something about climate change: an agree-

ment to hold global warming to less than 2° Celsius (3.6° Fahrenheit), with a ‘desirable’ goal of hold-

ing it to less than 1.5° C. 

Many environmentalists and climate scientists question whether this historic agreement will be 

sufficient to prevent catastrophic global warming, Saying that if we stopped all emissions today, 
the high levels of greenhouse gases (GHG) already in the atmosphere will persist for decades—and 

many measures show that these already-emitted GHG will push us past 1.5°C and possibly over 

2°C. Others point out that the agreement fails to recognize the regenerative power of organic agri-

culture, which can sequester vast amounts of carbon into the soil if used instead of industrial agri-

cultural practices. 

According to the 2016 Emissions Gap Report from the U.N. Environmental Programme, “the Paris 

agreement, even if fully implemented, is consistent with a temperature increase of 3.2°C.”

COP-22 was held in November 2016, in Marrakech, Morocco. Representatives reported consider-

able progress in discussions on key details such as funding, but were unable to finalize agreements. 
COP-23 is scheduled for early November 2017, at a not-yet-determined location in Asia.

Big Ideas

• The need for world-wide action is clear, but it can take many years for governments to 

act. (The UNFCCC was adopted in 1994, and it took 21 years to create an agreement.) 

• Even when government leaders recognize the threat of climate change, they may not con-

sider all the threat and may struggle with taking effective action. 

Sources and links to additional resources. 

Impacts Are No Longer Theoretical—They Are Happening Now 

Climate scientists developed computer models to estimate future impacts, but some of the major 

impacts are already happening. It’s true that some of the models have been wrong—but in almost 

every case, the actual change has been greater than predicted. Even with a global temperature in-

crease (so far) of only about 1°C, we are seeing many changes! And the oceans serve as a huge heat 
sink that has camouflaged the extent to which Earth is heating. 

The pace of change has reached the point where many people now refer to it as anthropogenic cli-

mate disruption (ACD). Some of the measured impacts are changing too quickly for a document like 

this to keep up. What we can do is recap the major impacts, and include links to sites that track 

these phenomena and make current information available. 

Extreme Weather Events are a direct result of warming. It accelerates evaporation and increases 

the air’s capacity to hold water vapor, and warmer temperatures at the poles change the jet stream 

and other major air flow patterns. We’re already seeing more severe heat waves, intense storms, 
flooding, prolonged droughts, and desertification.  

Deforestation is not only a contributor to global warming, it also reflects the impact of drought, 
heat waves, insect infestation, and wildfires. Recent peer-reviewed studies put over 60% of U.S. for-

ests at risk. 

Desertification occurs when fertile areas experience warmer temperatures and less precipitation; 

the combination can result in a loss of vegetation and that further reduces available moisture. 
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Loss of Biodiversity & Mass Extinction of Species are two levels of the same problem. Changes in 

temperature, vegetation, and water availability can force species to move or bring new predators into 

their habitat; many do not survive. The current extinction rate is estimated to be over 1,000 times 

higher than normal, meaning up to 30% of all species could be extinct by mid-century. 

Ocean Acidification is caused by higher levels of CO2 in the atmosphere; when CO2 dissolves in the 

ocean, it reacts with water to produce carbonic acid. The lower pH prevents coral from forming the 

reefs they need to survive; it also prevents oysters and other sensitive marine organisms from forming 

shells or skeletons. (As these organisms fail, the entire marine food chain may be affected.)

Polar Ice Loss is becoming dramatic. At the beginning of January 2017, Arctic ice was at a record 

low, and major rifts had appeared in Antarctic ice sheets. The Antarctic situation is especially trou-

bling, since the sea ice holds back the land ice; if that slides into the ocean, it will cause a major 

increase in sea level.

Sea-Level Rise results from two main factors: simple thermal expansion and melting of land-based 

ice sheets and glaciers. When water from glaciers and from the polar ice caps finds its way to the 
ocean, the sea level rises. If the Greenland and Antarctic ice sheets both melt, it could raise sea lev-

el by over 60 meters (close to 200'). 

Spread of Disease can increase under conditions where some species have to expand or move their 

range northward, because this includes insects that may be vectors for serious and deadly diseases 

and animals and people in the new area probably do not have any resistance. 

Big Ideas

• Even small changes, such as a 1°C change in temperature can have profound impacts on 

living things. 

Sources and links to additional resources. 

Climate Justice — and Injustice

Climate justice issues arise when an economic activity contributes to global warming, but passes 

the environmental and health harms to people who do not benefit; this is true even if the activity 
benefits businesses and consumers of their products. For instance, the United States and other 
highly-developed countries are responsible for the majority of greenhouse gas emissions (GHG), but 

most of the harmful effects fall on less-developed countries and on future generations. Many activ-

ities that raise climate justice concerns are also traditional environmental justice issues—activ-

ities that harm people’s health and the environment. Sometimes these more-visible are easier for 

students to grasp.

For example, the following activities cause both climate and environmental justice concerns: 

Fossil fuel extraction industries (mining coal and drilling for petroleum and natural gas) have a 

long history of spewing toxic chemicals into the air, soil, and water—at the extraction site and at 

other processing and distribution sites. 

Coal Mining is very destructive, especially with the strip-mining technique called moun-
taintop removal (MTR), which has been used exten sively to extract coal in Appalachia. 

MTR has been shown to harm the health of local residents, including children, at the same 

time it threatens people everywhere by putting CO2 into the atmosphere. Mine owners and 

coal users benefit, but others pay. 
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Oil Extraction and Pipelines pose a significant threat. The industry has proposed several 
major new pipelines and upgrades of existing pipelines for crude oil from the Bakken Shale 

and the tar sands in Alberta, Canada. These proposals are in various stages of consider-

ation or approval. All of these pipelines are intended to make it easier to extract and burn 

more fossil fuel, so they are all climate justice concerns. Thousands of people, including 

people from hundreds of Indigenous tribes and nations, are working to stop construction and 

prevent contamination of the water supply.  

Natural Gas Extraction and Pipelines make significant contributions to global warming. 
Burning natural gas burns produces lower GHG emissions than other fossil fuels, but its ex-

traction causes severe health problems and disease for people and animals living nearby; in 

addition, the drilling and fracking operations, pipelines, and compressor stations all release 

fugitive emissions of methane [CH4] in their operations. While some people benefit from 
cheaper natural gas, the health and lives of many others are harmed by local pollution, and 

people throughout the world are harmed by climate change. 

(No matter how much the oil and gas industries try to deny it, wells and pipelines leak. Con-

tinually. Often in enormous quantities.)

The Industrialized Food System is another example of a system that contributes to climate in-

justice while also harming people more directly. ‘Conventional’ farming uses fertilizers made from 

natural gas and pesticides that are highly toxic to humans and other life, especially residents of 

nearby communities and farmworkers. (Many pesticides are descended from nerve gases made as 

weapons for warfare.) In addition, large-scale industrial farms depend on equipment powered by 

fossil fuels, and the food is then subject to long-distance shipping and energy-intensive processing. 

Not only does the entire system create far more GHG than organic growing, the toxic pesticides are 

now present in the soil and water throughout the U.S. 

Nuclear Power does not produce GHG in its operation, it does during the construction—and re-

member: people who live anywhere near processing plants or nuclear power plants are subject to 

excess radiation, whether or not they benefit from that power. (Also, major disasters at nuclear facil-
ities—such as Three Mile Island, Chernobyl, and Fukushima—release deadly radiation that causes 

severe, life-threatening health problems for workers, emergency responders, and all those who may 

happen to be in the path of emissions.)

We have become so used to seeing these destructive practices that they are almost invisible; many 

people do not realize how much harm we are doing. Others do recognize the harm, but are unwill-

ing to change their behavior or accept inconvenience. 

Under what conditions is it OK to reap profits or have access to cheaper products, even when it’s 
clear that they are harming others? 

As we move towards clean, renewable energy, it will be important to see that workers displaced 

from the old systems are prepared for good jobs working for sustainability.

Big Ideas

• Global warming may disproportionately impact some people and ecological systems. 

• Concerns of climate justice arise when actions harm people and systems that do not ben-

efit from or control the actions—even if we cannot see the impact because it is far away or 

in the future. 

Sources and links to additional resources. 
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Measuring and Accounting for Greenhouse Gas Emissions 

Institutional Inventory v. Individual ‘Footprint’

There are many online tools that let an individual or small group estimate their GHG ‘footprint’ 

by surveying their activities, lifestyle choices, housing, and so on. These can provide reasonably 

accurate and meaningful estimates of one’s carbon footprint, but even small errors in individual 

estimates can be significant if many such estimates are added together. In addition, families may 
not have (or may be reluctant to share) accurate information about their lifestyle, housing, food, and 

transportation choices.

For large groups or organizations, a more accurate result is obtained by measurement of emissions 

based on the total energy and resources used, called a GHG Inventory. It is important to be clear 

about boundaries—what period will be covered and what sources will be included or excluded. (For 

this project, your school & the entire school year, from July 1 through June 30.) 

International organizations have created protocols to ensure that emissions are not overlooked and 

that the same GHG emissions are not counted by two or more entities. These protocols break down 

GHG sources into 3 ‘scopes’ based on where the emission is created and who controls it.  

Scope 1: Direct emissions from sources owned or controlled by the reporting organization, 

including on-site combustion for heating and vehicles; also fertilizers and refrigerants.

Scope 2: Indirect emissions from on-site sources that are not owned or operated by the re-

porting organization but where significant emissions are created on behalf of the reporting 
organization. (For example: electricity, steam, or chilled water purchased for use on site.)

Scope 3: Indirect emissions from off-site sources that are not included in scope 2, including 

the supply chain of the reporting entity. This can include both upstream and downstream 

emissions from commuting, travel, waste disposal, and purchases.

Offsets: Activities that actually reduce GHG emissions. (For example: adding solar panels 

or wind turbines or managing forest land to actually reduce CO2.) Other users can purchase 

Renewable Energy Credits (RECs) to support these activities.

Scope 1 and 2 are generally considered the minimum for reporting, but most organizations include 

Scope 3 emissions that are paid for or reimbursed by the organization. (For example: travel via com-

mon carrier or charter to attend athletic events and conferences.)

In a GHG inventory, on-site generation from solar panels or wind turbines shows up as a reduction 

in purchased electricity. In order to obtain a reduced prices, however, many schools sell the Renew-
able Energy Credits (REC) to the company doing the installation. Two separate organizations 

cannot take credit for the same emission reduction, so the GHG Protocol requires the school to treat 

the power from the solar installation as if purchased from the grid. 

According to internationally-accepted GHG protocols, greenhouse gas emissions are expressed in 

terms of metric tons of carbon dioxide equivalent (mTCO2e). For greenhouse gases other than CO2, 

their global warming potential is used to convert them to an equivalent amount of CO2. 

Big Idea
• Clear protocols for reporting and analysis can help ensure meaningful results.
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Getting Started

Although the GHG inventory is a reasonably straightforward process, it has many interdependent 

elements, so it is desirable to enlist other teachers and students to help. Coordination is important, 

so it would be helpful to form a team to oversee the process—a team that could include faculty mem-

bers who want to work on the project and certainly should include students (if you are at a middle 

school or high school). If possible, form the team at the very beginning of the project so it can be 

fully productive; for best results, we suggest the team plan to meet regularly, perhaps weekly. The 

keys to an effective team are a clear goal and people who want to work together as equals, sharing 

the responsibility, the work, and the credit.

Someone from the district administration could be a great addition, if they are committed to sup-

porting the inquiry. (We have run across districts where administrators seemed to slow everything 

down, perhaps to make sure the schools wouldn’t be criticized.) 

The GHG inventory is a great project that can help achieve existing curriculum goals, so it’s not so 

much a question of seeking approval as helping to facilitate the process of obtaining the data you 

need. (It’s all information that schools and districts track anyway, as noted in the instructions for 

the School GHG Calculator. 

Emission Sources for Most Schools

The major sources of GHG emissions at a school are fuel for heating, electricity for lighting and 

cooling, and fuel for school-provided transportation. Fortunately, the school or district already has 

the needed information on these major emission sources. (The following recap follows the sequence 

of the Schools GHG Calculator included with this guide.) 

1. On-Site Combustion [Scope 1] 

Heating is usually the largest Scope 1 emission source. In most cases, the fuel is either natural gas 

or #2 heating oil. [Data source: Facilities, Maintenance, or Operations department.]

Vehicles owned by the school district produce GHG emissions, including this includes regular stu-

dent busing and busing for athletics and field trips (as well as any other vehicles owned and operat-
ed by the district). 

Note that this has to be calculated separately for each type of fuel (Diesel, gasoline, or natural gas) 

used in district vehicles. (Busing emissions for a single school can be estimated by comparing it to 

the district as a whole. Since actual emissions vary from bus to bus, this is not 100% accurate, but 

is a reasonable estimate.) 

If the buses are owned and operated by an outside contractor, they are counted as Scope 3 emis-

sions, but the calculation is the same for purposes of this GHG inventory. 

[Data source: Transportation or Operations department.]

Other direct emissions – In most cases these are relatively small emission sources. 

• Coolants used in refrigerators and air conditioners – Many of them have global warm-
ing potentials (GWP) that are thousands of times worse than CO2. 

•	 Synthetic fertilizers release nitrous oxides, which are powerful GHG. At schools with 

large athletic fields or lawns, these fertilizers can cause significant emissions. 

[Data source: Facilities, Maintenance, or Operations department.]
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2. Electricity  [Scope 2] 
In most schools, this consists of purchased electricity, a major emission source. Although the 

emissions are at the generating plant, the GHG are counted as part of the emissions for the 

users of that power. Electricity is billed in kilowatt hours (kWh), and there are specific conversion 
factors for each power region. In some cases, specific factors are available for each electric utility. 

An interesting question arises when a school has solar panels installed to generate electricity on 

site. When installed by an outside contractor that then sells the electricity to the school to recoup 

the cost, that firm may retain the Renewable Energy Credits (RECs) and sell them to someone 

else. In such cases, GHG from the school’s electrical usage must be calculated as grid power, since 

the RECs were retained by the installer.

(A few schools in urban areas may be part of a ‘district energy’ setup that also supplies steam or hot 

water and/or chilled water; these are also scope 2 emissions.)

[Data source: Facilities, Maintenance, or Operations department.] 

3. Indirect emissions (created elsewhere) by the school & its activities [Scope 3]

Heat, electricity, and busing generally account for 90% or more of all emissions controlled by 

the school district, but other sources are also found in some districts. (If regular busing is out-
sourced—operated by an independent contractor—those are considered Scope 3 emissions.)

There are several types of indirect emissions that are worth looking at: 

Travel by faculty, staff, or students generates significant GHG emissions—including travel 

via bus or plane for conferences, athletic events, and competitions.

Commuting is a necessary part of the school’s operation, but is not directly controlled by 

the school or school district. These emissions can be significant, especially at larger schools, 
but there are tremendous variations according to how each person gets to school. How many 

people drive, how many miles they drive to and from school, and the type of vehicle, all 

matter—but any of these factors can vary from day to day and week to week. And the differ-

ence between urban, suburban, and rural schools is too great to allow use of an average. 

For these reasons, the GHG calculator does not include emissions from commuting. Instead 

of investing a lot of time to estimate commuting, we suggest using that time to look at what 

can be accomplished by changing commuting habits. In the next section, we will discuss 

some ways to reduce commuting and estimate the effect of changes.

Food is very significant source of GHG emissions, including on-site emissions and the ‘up-

stream emissions’ generated by farming, transportation, processing, and preparation. It 

would be valuable to include these, but there is no easy way to calculate or even estimate the 

total, because it varies according to types of food, supplier, growing methods, distance trav-

eled, types of processing, and how and where the food is prepared—which can be difficult to 
identify and can vary from day to day and week to week. It’s important to explore ways to im-

prove food, reduce emissions, and estimate the effect of changes. 

In the next section, we’ll look at how to use the inventory results.

“Pathways for staying well below 2° and 1.5° C require deep emissions reductions….”
—Emissions Gap Report 2016
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“When you in sit in council for the welfare 
of the people, you counsel for the welfare 
of that seventh generation to come. They 
should be foremost in your mind, not 
even your generation, not even yourself, 
but those that are unborn. So that when 
their time comes here they may enjoy the 
same thing that you are enjoying now.”

    —Oren Lyons, Faithkeeper, Onondaga Nation 
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Analysis, Reporting, and Action

Using your School GHG Inventory to make a difference

When students see that their school creates tons of greenhouse gas emissions (GHG) every year, 

many students’ first reaction is surprise and concern. Others may recognize that global warming is 
a threat to their futures and wonder why something isn’t being done about it. These are natural re-

actions and appropriate topics for every class class, every subject. In fact, putting student reactions 

into words can lead to testable hypotheses, thus helping to shape the next steps to be taken.

When people talk about ‘scientific method’, they often mean the process of testing hypotheses and 
theories. But those hypotheses stem from inquiry: observing the world around us, paying attention 

to details, gathering information, generating questions, and looking into previous thinking/work/

research. Whether in science or in art, the creative process is fueled by curiosity about what we ob-

serve.

Trying to answer questions about “why something isn’t being done” may involve both the natural 

and social sciences and the humanities, demonstrating the importance of a holistic, interdisciplin-

ary approach. Doing the GHG Inventory can be an excellent learning process—one that can inte-

grate place-based, project-based, and interdisciplinary approaches. 

Spread the Word About the School’s GHG Emissions

Since many people don’t really think about the local causes of global warming, the GHG inventory 

can also fill an important role by making these issues visible and informing the school community 
and the community at large.

The first step may simply be to identify key findings and discuss what they mean, what conclusions 
we can draw—including what can be done to reduce emissions. Not many schools have published 

GHG inventories, but we will provide participating schools with a few benchmarks for comparison. 

If you can, send us your completed inventory so we can include that (without identifying your school 

or district).

Since many people don’t really think about the local causes of global warming, the next step is even 

more important—what can schools, teachers, and students to do reduce GHG emissions, to slow and 

mitigate the effects of global warming? Here are some thoughts based on previous GHG inventories 

and the factors that can be changed. We think most student groups can be encouraged and led to 

produce many of the ideas themselves.

In each area, think about things we see every day that produce GHG emissions. For example, many 

students and teachers report that classrooms are too warm (although this is getting a little better 

as schools try to cut expenses) and too bright. In addition to being uncomfortable, both of these cas-

es contribute to higher levels of GHG emissions. We will review each category of emissions in the 

Analyze Opportunities to Reduce School GHG Emissions section.

There are many ways to use information—and questions—from the inventory. Would these work in 

your school?

• One or more students write a story for the school paper reporting on the GHG inventory 

process, then follow up with a report on the findings 

• Students (in any class) make a series of posters for the hallways, to raise awareness of 

key facts about global warming and the school’s emissions
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• Students present key facts and findings from the GHG inventory for an assembly

• English or Journalism students do a ‘special edition’ on the GHG inventory, featuring 

in-depth reporting on global warming & greenhouse gas emissions

• Students help set up a special public event combining short presentations, a panel discus-

sion, and research posters about various aspects of global warming

• Students present to classes at other schools (for instance, high-school students presenting 

at middle schools or elementary schools)

Can you think of more ways to involve others in the GHG inventory and to share your findings and 
conclusions?

What Can You Do To Reduce Emissions? 

Exploring ways to facilitate making change happen, empowers students and develops a sense of 

agency. What can we do to reduce GHG emissions? The options are different in every school, but a 

review of your GHG Inventory can provide some clues.

Heating 

Thermostats are supposed to maintain the proper temperature of 20–22°C [68–72°F], but 

many class rooms are too warm. To make rooms more comfortable and reduce GHG, it is de-

sirable to keep the main classroom area temperature within that range. Reducing the tem-

perature reduces fuel consumption by about 3% for every 1°F.

If there is a forced-air system, the system may need to be balanced or ‘commissioned’ so the 

proper air temperature and volume are delivered to each vent in each room; otherwise, some 

areas may be overheated just to provide adequate heat in others. This obviously wastes fuel 

and increases GHG emissions. And if it is too warm, people may even open windows to com-

pensate, making the problem even worse. 

Electricity 

Cooling

As with heating, temperature settings are very important. Thermostats should be set to keep 

the main classroom area at a temperature of 23–25°C [74–77°F]. Setting too low a tempera-

ture increases fuel consumption by about 3% for every 1°F. (See note about forced air systems 

in the preceding section dealing with Heating.)

Lighting

Lighting in schools is often brighter than is needed or even comfortable, and this can cause 

eyestrain and headaches. It is not unusual to find levels up to double the recommended levels 
of 250–500 lux (25–50 foot-candles). Even lower levels are appropriate if students are work-

ing on computers, while higher levels may be needed for some very detailed work. 

Many classrooms have good daylight and may not need any overhead lighting on some days, 

or may need it only at the end farthest from the windows. (If this requires a wiring change, it 

will be repaid by savings on electricity—calculating how long it will take makes a good math 

problem.)

Leaving lights on when a room is not in use is obviously a complete waste of electric energy. 
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Computers and other electrical equipment 

Two of the most common are older equipment that consumes significant power even when in-

active and equipment that is left on when not being used. 

Transportation – District Buses

Because schools try to minimize costs, they may already have reduced mileage as much as possible, 

but it is essential to consider ways to eliminate extra trips. Students can explore ways to reduce the 

need for busing, though, exploring ways to get more people to walk, bike, or use public transit. 

Another way to reduce emissions—and air pollution that harms students—is to make sure buses are 

not idling while discharging students or waiting to pick them up. 

Busing for school trips is another part of most districts’ operations—and are an important part of 

the educational mission. So we don’t want to eliminate trips as much as make sure they are han-

dled as efficiently as possible. 

Misc. Chemical usage [Scope 1]

There probably isn’t much you can do about the school’s use of refrigerants, except to identify any 

older appliances and coolers that may need replacement.

If the school uses synthetic fertilizers, these emissions can be eliminated by a switch to organic 

practices, as Harvard University and some towns have done.

Indirect Emissions Created as a Result of the School’s Operations 

These were listed in the preceding section as emissions commonly encountered with schools; here, 

we’ll consider some possible ways to reduce them. 

Travel

Long-distance travel (not including transportation on district buses) raises the question of 

whether these trips have a valuable educational purpose. (Examine on a case-by-case basis.)

Commuting

Getting people to school is a necessary part of the school’s operation, but individual commuting 

is not directly controlled by or paid for by the school or school district. This is one case where 

knowing the exact value of current emissions from commuting may not be as important as 

finding ways to reduce them.

Biking and walking produce zero GHG emissions, and public transit may be a low-emissions 

option in some areas. These possibilities apply to students, faculty, and other staff. As you 

review the various options with students, be sure they consider difficulty, cost, and potential 
impact on GHG emissions.

Food

Food purchasing is controlled by the school, so the upstream emissions generated in pro-

ducing, trans porting, and preparing the food are important concerns. As with commuting, 

knowing the exact amount of current food-related emissions may not be as useful as explor-

ing ways to reduce emissions. It is much easier to estimate what changes could accomplish. 
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Here are some options to consider for reducing emissions related to food: 

• Use more organic food, since organic growing sequesters carbon into the soil. (Some 

school districts have already made good progress in this direction.) 

• Prepare food on-site to reduce emissions from mechanized processing plants and trans-

porting food, especially frozen food.

• Use more locally-grown food to reduce emissions from transportation. 

As an added bonus, all of these changes would also result in healthier meals! 

(We are preparing a separate document on Food, Health, and Climate, expected in 2017.)

Take Action !

Once you have identified areas where emissions can be reduced, it’s time to unite the school commu-

nity and take action. Many of the approaches mentioned to spread the word about the GHG Invento-

ry also work for taking action to create change. Here are some additional actions that teachers and 

administrators mentioned: 

• A class or team of students analyzes a particular action area, calculates costs and poten-

tial savings, projects how much it will reduce emissions, outlines the steps it would take 

to implement, and presents all this to the administration and/or school board.

• Students form an ‘energy patrol’ to go through the school and identify cases where energy 

is being wasted? (This was a great success at one elementary school and even made the 

local newspapers.)

• Students form a club to raise awareness of ways to become more sustainable—starting 

with a focus on reducing energy use and GHG emissions. (In general, students in public 

schools have a right to form a special-interest club with very little restriction, although 

they will be expected to meet the minimal legal limits that regulate student self-expres-

sion in school.) 

• One or more students write a story for the school paper about the proposed actions 

• Students (in any class) make a series of posters for the hallways, to raise awareness and 

enlist support for proposed actions

• English or Journalism students do a ‘special edition’ on the proposal and what it involves

Can you think of more approaches to creating change?

Considering what actions to take and how to promote them throughout the school and community 

are great opportunities to involve teachers and students in all subject areas! 

Sources and links to additional resources. (Also see the School GHG Calculator instructions.)

“I think this information should be discussed more frequently at school, 
people are unaware of these severe hazards, students can be more 
involved in helping their community… and more action taken.”

—Student ‘Natalie’ (in response to New York Times article, March 2014)
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Links – Sources and Additional Resources by Topic

General Resources on Global Warming and Climate Change

Books, Periodicals, and Major Reports
• A People’s Curriculum for the Earth, Bill Bigelow & Tim Swinehart, editors. Rethinking 

Schools, 2014. [www.rethinkingschools.org/proddetails.asp?ID=9780942961577] 

• Eaarth – Making a Life on a Tough New Planet, by Bill McKibben. We’ve created a new planet, 

and it’s not as nice as Earth. [www.billmckibben.com/eaarth/eaarthbook.html] 

• EcoLiterate: How Educators Are Cultivating Emotional, Social, and Ecological Intelligence, by 

Michael K. Stone & Zenobia Barlow. Center for Ecoliteracy, 2012. 

[www.ecoliteracy.org/book/ecoliterate] 

• Emissions Gap Report 2016, United Nations Environmental Programme [UNEP], November 

2016. Available in PDF format [web.unep.org/emissionsgap] 

• IPCC Fifth Assessment Report (consisting of several complementary reports). Intergovernmental 

Panel on Climate Change, 2013 & 2014 [www.ipcc.ch/report/ar5] 

• Rethinking Schools – quarterly magazine committed to a strong public education system and 

social justice – features teachers describing real classroom experiences, including teaching on 

climate, environmental health, and climate justice. [www.rethinkingschools.org] 

• Smart by Nature: Schooling for Sustainability, by Michael K. Stone. Center for Ecoliteracy, 

2009.  [www.ecoliteracy.org/book/smart-nature-schooling-sustainability] 

Additional Resources
• Assessing ‘Dangerous Climate Change’: Required Reduction of Carbon Emis-

sions to Protect Young People, Future Generations and Nature, by James Han-

sen, Johan Rockström, and 15 other scientists. Public Library of Science, 2013. 

[journals.plos.org/plosone/article?id=10.1371/journal.pone.0081648] 

• Carbon Flows diagram 2014. Lawrence Livermore National Laboratory, 2016. Sankey chart 

showing sources, carbon flows & processes, and destinations. [flowcharts.llnl.gov/commodities/carbon] 

• Center for Climate and Energy Solutions (Formerly the Pew Center on Global Climate Change). 

A highly-rated center for reliable information, policy proposals, and action plans. [www.c2es.org] 

• Climate Accountability Scorecard. Union of Concerned Scientists, 2016. Climate deception, dis-

closure, and action by major fossil-fuel companies.  

[www.ucsusa.org/global-warming/fight-misinformation/climate-accountability-scorecard-ranking-major-fossil-fuel-companies] 

• Climate Adaptation – State of Practice in U.S. Communities. Kresge Foundation, November 

2016. [www.kresge.org/sites/default/files/library/climate-adaptation-the-state-of-practice-in-us-communities-full-report.pdf] 

• Climate Change, Climate Justice – Education Resource Pack (Primary). and  

Climate Change, Climate Justice – Education Resource Pack (Secondary). Trócaire, 

Republic of Ireland (Overseas Development Agency of the Catholic Church of Ireland). 

Impact of climate change on communities around the world; uses active teaching meth-

odologies to critically examine the reasons why climate change is a global justice issue. 

[www.trocaire.org/getinvolved/education/resources/education-resource-pack-primary-schools]  
[www.trocaire.org/sites/trocaire/files/education/lent2015/post-primary-resource-trocaire.pdf]
This includes some useful resources, but please note that it was prepared by a church-related 
organization, and the Curriculum Links page (p. 2) contains one or two references to God and Jesus. 

• Climate Hot Map website. Union of Concerned Scientists. Explore the signs of global warming 

on this map or Google Earth. The evidence of climate change includes heat waves, sea-level rise, 

flooding, melting glaciers, earlier spring arrival, coral reef bleaching, and the spread of disease. 
[climatehotmap.org] 

• Energy Flows diagram 2015. Lawrence Livermore National Laboratory, 2016. Sankey chart 

showing sources, energy flows & processes, and destinations/uses. 
[flowcharts.llnl.gov/content/assets/docs/2015_United-States_Energy.pdf] 

http://www.rethinkingschools.org/proddetails.asp?ID=9780942961577
http://www.billmckibben.com/eaarth/eaarthbook.html
http://www.ecoliteracy.org/book/ecoliterate
http://web.unep.org/emissionsgap/
http://www.ipcc.ch/report/ar5/
http://www.rethinkingschools.org/
http://www.ecoliteracy.org/book/smart-nature-schooling-sustainability
http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0081648
http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0081648
http://flowcharts.llnl.gov/commodities/carbon
http://www.c2es.org
http://www.ucsusa.org/global-warming/fight-misinformation/climate-accountability-scorecard-ranking-major-fossil-fuel-companies
http://www.kresge.org/sites/default/files/library/climate-adaptation-the-state-of-practice-in-us-communities-full-report.pdf
http://www.trocaire.org/getinvolved/education/resources/education-resource-pack-primary-schools
http://www.trocaire.org/sites/trocaire/files/education/lent2015/post-primary-resource-trocaire.pdf
http://climatehotmap.org
http://flowcharts.llnl.gov/content/assets/docs/2015_United-States_Energy.pdf
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• Global Climate Change website – vital signs of the planet. National Oceanographic and Atmo-

spheric Administration [NASA]. [climate.nasa.gov] 

• Global Warming: Natural & Man-made Causes, Conservation & Debate. Social Studies for Kids 

website. [www.socialstudiesforkids.com/articles/geography/globalwarming1.htm] 

• State of the Climate monthly reports with global, national, and regional updates on atmospheric 

conditions, temperatures, ice and snow, and severe weather. National Oceanographic & Atmo-

spheric Administration [NOAA]. [www.ncdc.noaa.gov/sotc]

• Stories from the Field: Examples of Integrated Environmental and Sustainability Education. 

Washington State Department of Education, 2014. 30+ activity descriptions from K-12 teachers. 

[www.k12.wa.us/EnvironmentSustainability/Curriculum/Examples.aspx] 

• Sustainable Scotland. Learning for Sustainability Scotland website, University of Edinburgh. 

Ideas and programs to promote engagement and learning about sustainability for all ages.  

[learningforsustainabilityscotland.org]  These resources are no longer available at this site. 
 Sustainable Scotland – Schools Global Footprint [Teacher Handbook] 

• Teachers Guide to High Quality Educational Materials on Climate Change and Global Warm-

ing. Carnegie Mellon University [hdgc.epp.cmu.edu/teachersguide/teachersguide.htm] 

• Ten Common Misconceptions about Climate and Climate Change 

[DOC]. National Oceanographic and Atmospheric Administra-

tion [NOAA] website. (Currently available only in Microsoft Word format.) 

[oceanservice.noaa.gov/education/pd/climate/teachingclimate/common_misconceptions_about_climate_and_climate_change.doc] 

• Zinn Education Project & their Environment & Food teaching materials)  

[zinnedproject.org] | [zinnedproject.org/teaching-materials/?themes=environment-food]

Resources for the Greenhouse Effect and sources of GHG emissions
• Arctic Report Card 2016. National Oceanographic and Atmospheric Administration [NOAA] 

website [www.arctic.noaa.gov/Report-Card/Report-Card-2016] 

• Global Warming and the Greenhouse Effect. Tufts University. 

[ase.tufts.edu/cosmos/view_chapter.asp?id=21&] 

• A Students Guide to Global Climate Change: The Greenhouse Effect. Environmental Protection 

Agency [EPA] website. (Suitable for younger students.)  

 [www3.epa.gov/climatechange/kids/basics/today/greenhouse-effect.html] 

• Teachers Guide to High Quality Educational Materials on Climate Change and Global Warm-

ing. Carnegie Mellon University [hdgc.epp.cmu.edu/teachersguide/teachersguide.htm] 

Resources for Earth’s carbon cycle
• Assessing ‘Dangerous Climate Change’: Required Reduction of Carbon Emissions to Protect 

Young People, Future Generations and Nature, by James Hansen, Johan Rockström, and others. 

Public Library of Science, 2013. [journals.plos.org/plosone/article?id=10.1371/journal.pone.0081648] 

• Carbon Cycle. National Aeronautics and Space Administration [NASA], Earth Observatory.  

[earthobservatory.nasa.gov/Features/CarbonCycle/] 

• Carbon Cycle & photosynthesis, combustion, sedimentation, respiration, & human impacts. Uni-

versity of California – Davis. [chemwiki.ucdavis.edu/Biological_Chemistry/Biochemical_Cycles/Carbon_Cycle] 

• Kids’ Crossing – the carbon cycle (National Center for Atmospheric Research)  

[eo.ucar.edu/kids/green/cycles6.htm] 

• Quantifying global soil carbon losses in response to warming. T. W. Crowther, et al. Nature 
Magazine, December 2016. [www.nature.com/articles/nature20150.epdf]

• A Student’s Guide to Global Climate Change. EPA website. (suitable for younger students) 

[www3.epa.gov/climatechange/kids/basics] 

Resources for the Carbon – Global Warming Connection   (continued on next page) 
• Annual Greenhouse Gas Index, Earth System Research Laboratory (NOAA)  

[www.esrl.noaa.gov/gmd/aggi/aggi.html] 

http://climate.nasa.gov
http://www.socialstudiesforkids.com/articles/geography/globalwarming1.htm
http://www.ncdc.noaa.gov/sotc
http://www.k12.wa.us/EnvironmentSustainability/Curriculum/Examples.aspx
http://www.ltscotland.org.uk/schoolsglobalfootprint
http://hdgc.epp.cmu.edu/teachersguide/teachersguide.htm
http://hdgc.epp.cmu.edu/teachersguide/teachersguide.htm
http://oceanservice.noaa.gov/education/pd/climate/teachingclimate/common_misconceptions_about_climate_and_climate_change.doc
http://oceanservice.noaa.gov/education/pd/climate/teachingclimate/common_misconceptions_about_climate_and_climate_change.doc
https://zinnedproject.org/
https://zinnedproject.org/teaching-materials/?themes=environment-food
http://www.arctic.noaa.gov/Report-Card/Report-Card-2016
http://ase.tufts.edu/cosmos/view_chapter.asp?id=21&
http://www3.epa.gov/climatechange/kids/basics/today/greenhouse-effect.html
http://www3.epa.gov/climatechange/kids/basics/today/greenhouse-effect.html
http://www3.epa.gov/climatechange/kids/basics/today/greenhouse-effect.html
http://www3.epa.gov/climatechange/kids/basics/today/greenhouse-effect.html
http://www3.epa.gov/climatechange/kids/basics/today/greenhouse-effect.html
http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0081648
http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0081648
http://earthobservatory.nasa.gov/Features/CarbonCycle/
http://chemwiki.ucdavis.edu/Biological_Chemistry/Biochemical_Cycles/Carbon_Cycle
https://eo.ucar.edu/kids/green/cycles6.htm
http://www.nature.com/articles/nature20150.epdf
http://www3.epa.gov/climatechange/kids/basics
http://www.esrl.noaa.gov/gmd/aggi/aggi.html
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• Assessing ‘Dangerous Climate Change’: Required Reduction of Carbon Emissions to Protect 

Young People, Future Generations and Nature, by James Hansen, Johan Rockström, and 15 oth-

er scientists. Public Library of Science (PLOS), 2013.  

[journals.plos.org/plosone/article?id=10.1371/journal.pone.0081648] 

• Carbon Flows diagram 2014. Lawrence Livermore National Laboratory, 2016. Sankey chart 

showing sources, carbon flows & processes, and destinations. [flowcharts.llnl.gov/commodities/carbon] 

• How to Teach High-School Students to Spot Fake News. Slate.com, December 2016.  

[www.slate.com/articles/technology/future_tense/2016/12/media_literacy_courses_help_high_school_students_spot_fake_news.html] 

• The ‘Keeling Curve’. Scripps Institute of Oceanography. [scripps.ucsd.edu/programs/keelingcurve/] 

• Quantifying global soil carbon losses in response to warming. T. W. Crowther, et al. Nature 
Magazine, December 2016. [www.nature.com/articles/nature20150.epdf]

• Regenerative Organic Agriculture and Climate Change [PDF]. Rodale Institute, 2014.  

 [rodaleinstitute.org/regenerative-organic-agriculture-and-climate-change] 

• Teachers Guide to High Quality Educational Materials on Climate Change and Global Warm-

ing. Carnegie Mellon University [hdgc.epp.cmu.edu/teachersguide/teachersguide.htm] 

• Carbon Flows diagram 2014. Lawrence Livermore National Laboratory, 2016. Sankey chart 

showing sources, carbon flows & processes, and destinations. [flowcharts.llnl.gov/commodities/carbon] 

Resources for The Energy – Climate Connection 
• A Bridge to Nowhere: methane emissions and the greenhouse gas footprint of natural gas [PDF]. 

Robert W. Howarth, Cornell University. Energy Science and Engineering, 2014.  

[www.eeb.cornell.edu/howarth/publications/Howarth_2014_ESE_methane_emissions.pdf] 

• Emissions Gap Report 2016, United Nations Environmental Programme [UNEP], November 

2016. Available in PDF format [web.unep.org/emissionsgap] 

• Energy Flows diagram 2015 [PDF]. Lawrence Livermore National Laboratory, 2016. Sankey 

chart showing sources, energy flows & processes, and destinations/uses.  
[flowcharts.llnl.gov/content/assets/docs/2015_United-States_Energy.pdf] 

• Global Warming’s Terrifying New Math by Bill McKibben. Rolling Stone, July 2012. 

[www.rollingstone.com/politics/news/global-warmings-terrifying-new-math-20120719] 

• Global Warming’s Terrifying New Chemistry, by Bill McKibben. The Nation, April 2016. 

[www.thenation.com/article/global-warming-terrifying-new-chemistry/] 

• Life Cycle Assessment. Global Development Research Center, Urban Environmental Manage-

ment, 1990.   [www.gdrc.org/uem/lca/lca-for-cities.html] 

• Life Cycle Analysis. Environmental Literacy Council. 

[enviroliteracy.org/environment-society/life-cycle-analysis/] 

• National Energy Development Project (NEED). Many curricular materials for different subjects 

and levels. [www.need.org] 

• Renewable Infrastructure Investment Handbook: A Guide for Institutional Investors. World 

Economic Forum, 2016. [www3.weforum.org/docs/WEF_Renewable_Infrastructure_Investment_Handbook.pdf] 

• Teachers Guide to High Quality Educational Materials on Climate Change and Global Warm-

ing. Carnegie Mellon University [hdgc.epp.cmu.edu/teachersguide/teachersguide.htm] 

• Why I must Speak Out About Climate Change (TED talk), by James Hansen (2012) (about 18 

minutes) [www.ted.com/talks/james_hansen_why_i_must_speak_out_about_climate_change] 

Resources for International Efforts on Climate – UNFCCC, COP, & IPCC
• UNFCCC newsroom [newsroom.unfccc.int] 

• Moravian College at the UNFCCC (Bethlehem-based Moravian College is one of the few colleges 

accredited to attend the annual COP.) [moraviancollegeatunfccc.blogspot.com] 

• Emissions Gap Report 2016, United Nations Environmental Programme [UNEP], November 

2016. Available in PDF format [web.unep.org/emissionsgap] 

• IPCC Fifth Assessment Report (consisting of several complementary reports). Intergovernmental 

Panel on Climate Change, 2013 & 2014 [www.ipcc.ch/report/ar5] 

http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0081648
http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0081648
http://flowcharts.llnl.gov/commodities/carbon
http://www.slate.com/articles/technology/future_tense/2016/12/media_literacy_courses_help_high_school_students_spot_fake_news.html
https://scripps.ucsd.edu/programs/keelingcurve/
http://www.nature.com/articles/nature20150.epdf
http://rodaleinstitute.org/assets/WhitePaper.pdf
http://hdgc.epp.cmu.edu/teachersguide/teachersguide.htm
http://hdgc.epp.cmu.edu/teachersguide/teachersguide.htm
http://flowcharts.llnl.gov/commodities/carbon
http://www.eeb.cornell.edu/howarth/publications/Howarth_2014_ESE_methane_emissions.pdf
http://web.unep.org/emissionsgap/
http://flowcharts.llnl.gov/content/assets/docs/2015_United-States_Energy.pdf
https://www.thenation.com/article/global-warming-terrifying-new-chemistry/
http://www.gdrc.org/uem/lca/lca-for-cities.html
https://enviroliteracy.org/environment-society/life-cycle-analysis/
http://www.need.org
http://www3.weforum.org/docs/WEF_Renewable_Infrastructure_Investment_Handbook.pdf
https://www.ted.com/talks/james_hansen_why_i_must_speak_out_about_climate_change
http://newsroom.unfccc.int/
http://moraviancollegeatunfccc.blogspot.com/
http://web.unep.org/emissionsgap/
http://www.ipcc.ch/report/ar5/
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• 350.org – grassroots organization advocating for reductions in greenhouse gas emissions

• Why I must Speak Out About Climate Change, TED talk by James Hansen (2012) (runtime 

about 18 minutes) [www.ted.com/talks/james_hansen_why_i_must_speak_out_about_climate_change] 

Resources for  Impacts Are No Longer Theoretical—They Are Happening Now
• Arctic Report Card 2016. National Oceanographic and Atmospheric Administration [NOAA 

[NOAA] website [www.arctic.noaa.gov/Report-Card/Report-Card-2016] 

• Climate Hot Map website. Union of Concerned Scientists. Explore the evidence of global warm-

ing—heat waves, sea-level rise, flooding, melting glaciers, earlier spring arrival, coral reef 
bleaching, and the spread of disease—on this map or Google Earth. [climatehotmap.org] 

• Climate Change Indicators website. Environmental Protection Agency [EPA]. Information on 

ocean acidity, ocean heat, sea level, and sea surface temperature. [www.epa.gov/climate-indicators]  
 Sea Surface Temperature. [www.epa.gov/climate-indicators/climate-change-indicators-sea-surface-temperature]

• Climate Change Indicators report [PDF]. Environmental Protection Agency [EPA], 2016. In-

cludes Ecosystems, GHG, Health & Society, Ocean Acidity, Ocean Heat, Sea Level, Sea Surface 

Temperature, Snow & Ice, Weather, and more.  

 [www.epa.gov/sites/production/files/2016-08/documents/climate_indicators_2016.pdf] 

• Consequences of Climate Change. National Aeronautics & Space Administration [NASA]. 

[climate.nasa.gov/effects] 

• Effects of Global Warming. National Geographic website.  

[environment.nationalgeographic.com/environment/global-warming/gw-effects] 

• Global Climate Change website – vital signs of the planet. National Oceanographic and Atmo-

spheric Administration [NASA]. [climate.nasa.gov] 

• Global Sea Level Rise Map. Geology.com website. Lets you see sea level rise of various amounts  

 [geology.com/sea-level-rise] 

• IPCC Fifth Assessment Report (consisting of several complementary reports). Intergovernmental 

Panel on Climate Change, 2013 & 2014 [www.ipcc.ch/report/ar5] 

• Nonnative forest insects and pathogens in the United States: Impacts and policy options. Gary 

M. Lovett, Marissa Weiss, Andrew M. Liebhold, et al. Ecological Applications. Ecological Society 

of America, January 2017 [onlinelibrary.wiley.com/doi/10.1890/15-1176/full] 

• Ocean Acidification. Smithsonian Institution, Ocean Portal website. Includes information on 

causes, impacts, and chemistry of the acidification process. [ocean.si.edu/ocean-acidification] 

• Predicting conifer establishment post wildfire in mixed conifer forests of the North 
American Mediterranean-climate zone, by Kevin R. Welch, Hugh D. Safford, & 

Truman P. Young. Ecosphere. Ecological Society of America, 20 December 2016. 

[onlinelibrary.wiley.com/doi/10.1002/ecs2.1609/full] 

• Sea Level Rise. National Geographic website.  

[ocean.nationalgeographic.com/ocean/critical-issues-sea-level-rise] 

• Sea Level Rise and Coastal Flooding Impacts. National Oceanographic and Atmospheric Admin-

istration [NOAA] website – lets you set moderate sea level rise. [coast.noaa.gov/slr/] 

• State of the Climate monthly reports with global, national, and regional updates on atmospheric 

conditions, temperatures, ice and snow, and severe weather. National Oceanographic & Atmo-

spheric Administration [NOAA]. [www.ncdc.noaa.gov/sotc]

Resources for Climate Justice — and Injustice
• Climate Adaptation – State of Practice in U.S. Communities. Kresge Foundation, November 

2016.  

[www.kresge.org/sites/default/files/library/climate-adaptation-the-state-of-practice-in-us-communities-full-report.pdf] 

http://350.org/
https://www.ted.com/talks/james_hansen_why_i_must_speak_out_about_climate_change
http://www.arctic.noaa.gov/Report-Card/Report-Card-2016
http://climatehotmap.org
http://www.epa.gov/climate-indicators
http://www.epa.gov/climate-indicators/climate-change-indicators-sea-surface-temperature
http://www.epa.gov/sites/production/files/2016-08/documents/climate_indicators_2016.pdf
http://climate.nasa.gov/effects
http://environment.nationalgeographic.com/environment/global-warming/gw-effects
http://climate.nasa.gov
http://geology.com/sea-level-rise/
http://www.ipcc.ch/report/ar5/
http://onlinelibrary.wiley.com/doi/10.1890/15-1176/full
http://ocean.si.edu/ocean-acidification
http://onlinelibrary.wiley.com/doi/10.1002/ecs2.1609/full
http://onlinelibrary.wiley.com/doi/10.1002/ecs2.1609/full
http://ocean.nationalgeographic.com/ocean/critical-issues-sea-level-rise/
https://coast.noaa.gov/slr/
http://www.ncdc.noaa.gov/sotc
http://www.kresge.org/sites/default/files/library/climate-adaptation-the-state-of-practice-in-us-communities-full-report.pdf
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• Climate Change, Climate Justice – Education Resource Pack (Primary). and  

Climate Change, Climate Justice – Education Resource Pack (Secondary). Trócaire, 

Republic of Ireland (Overseas Development Agency of the Catholic Church of Ireland). 

Impact of climate change on communities around the world; uses active teaching meth-

odologies to critically examine the reasons why climate change is a global justice issue. 

[www.trocaire.org/getinvolved/education/resources/education-resource-pack-primary-schools]  
[www.trocaire.org/sites/trocaire/files/education/lent2015/post-primary-resource-trocaire.pdf]
This includes useful resources, but please note that it was prepared by a church-related organization, 
and the Curriculum Links page (p. 2) contains one or two references to God and Jesus. 

• Global Sea Level Rise Map. Geology.com website – lets you see sea level rise of various amounts 

[geology.com/sea-level-rise/] 

• Indigenous Environmental Network [www.ienearth.org]

• Justice and Responsibility in a Changing Climate. National Council for Social Studies website. 

[www.ncss.org/system/files/publications/se/7901/79011535.pdf] (membership site)

• Next Generation Sustainability, by Maura Adams. Independent School. NAIS, 2013. 

[www.nais.org/Magazines-Newsletters/ISMagazine/Pages/Next-Generation-Sustainability.aspx} 

• The Mystery of the Three Scary Numbers, [PDF], by Bill Bigelow; excerpt from A People’s Cur-
riculum for the Earth. Rethinking Schools, 2014.  
[www.rethinkingschools.org/static/publication/apce/Mystery-of-Three-Scary-Numbers.pdf] 

• Rethinking Schools – quarterly magazine committed to a strong public education system and 

social justice – features teachers describing real classroom experiences, including teaching on 

climate, environmental health, and climate justice. [www.rethinkingschools.org] 

• Sea Level Rise and Coastal Flooding Impacts. National Oceanographic and Atmospheric Admin-

istration [NOAA] website – lets you set various amounts of moderate sea level rise.  

[coast.noaa.gov/slr]

• Social Cost of Carbon Fact Sheet) [PDF]. Environmental Protection Agency [EPA]. 

[www3.epa.gov/climatechange/Downloads/EPAactivities/social-cost-carbon.pdf] 

• Social Cost of Carbon Pollution website explores costs that producers avoid, leaving them to the 

rest of us to absorb   [costofcarbon.org] 

• Teachers Guide to High Quality Educational Materials on Climate Change and Global Warming. 

Carnegie Mellon University [hdgc.epp.cmu.edu/teachersguide/teachersguide.htm] 

• Three Scary Numbers [3-min. video]. Bill McKibben. [www.youtube.com/watch?v=5KtGg-Lvxso] 

• Why I must Speak Out About Climate Change, by James Hansen (2012) TED talk (runtime 

about 18 minutes.) [www.ted.com/talks/james_hansen_why_i_must_speak_out_about_climate_change] 

Resources for Measuring and Accounting for Greenhouse Gas Emissions
• Calculating GHG Inventories. Tufts University  

[sustainability.tufts.edu/wp-content/uploads/InventoryMethods.pdf] 

• Emission Factors for Greenhouse Gas Inventories [PDF]. Environmental Protection Agency 

[EPA], 2015.  

[www.epa.gov/sites/production/files/2015-07/documents/emission-factors_2014.pdf] 

• Global Warming Potential [PDF] GHG Protocol.  

[www.ghgprotocol.org/files/ghgp/tools/Global-Warming-Potential-Values.pdf] 

Also see resources that apply to many subject areas and Readings for students.

(Additional resources are supplied with the School GHG Calculator and instructions); Pages for the 

individual Subject Areas and the Metric System (System Internationale) also include resources that 

are not listed above.

http://www.trocaire.org/getinvolved/education/resources/education-resource-pack-primary-schools
http://www.trocaire.org/sites/trocaire/files/education/lent2015/post-primary-resource-trocaire.pdf
http://geology.com/sea-level-rise/
http://www.ienearth.org/
http://www.ncss.org/system/files/publications/se/7901/79011535.pdf
http://www.ncss.org/system/files/publications/se/7901/79011535.pdf
http://www.rethinkingschools.org/static/publication/apce/Mystery-of-Three-Scary-Numbers.pdf
http://www.rethinkingschools.org/static/publication/apce/Mystery-of-Three-Scary-Numbers.pdf
http://www.rethinkingschools.org/
https://coast.noaa.gov/slr/
http://www3.epa.gov/climatechange/Downloads/EPAactivities/social-cost-carbon.pdf
http://costofcarbon.org
http://hdgc.epp.cmu.edu/teachersguide/teachersguide.htm
http://www.youtube.com/watch?v=5KtGg-Lvxso
http://www.ted.com/talks/james_hansen_why_i_must_speak_out_about_climate_change
http://sustainability.tufts.edu/wp-content/uploads/InventoryMethods.pdf
https://www.epa.gov/sites/production/files/2015-07/documents/emission-factors_2014.pdf
http://www.ghgprotocol.org/files/ghgp/tools/Global-Warming-Potential-Values.pdf
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Thoughts from Students

“I haven’t learned as much in school about climate change as I would like 
to. I’ve had to make my own decisions concerning what to believe about 
the issue based on my own research. I believe that recent studies about 
its causes and its effects are legitimate, and that the problem will worsen 
unless action is taken soon.… in order to reverse the damage we’ve done, 
students need to be informed, starting at an early age.”   —Danielle *

“I have learned very little about climate change in school and believe 
that we together need to change it.”     —‘Selena’ *

“I think that global warming should be something we should all be 
worried about. This will not only affect us right now it will affect 
future generations and us in our later years. This is a problem that 
we should be taking care of right now before it worsens.”    —‘José’ *

* Student responses to New York Times article, ‘How Concerned Are You About Climate Change?’, March 2014)

http://learning.blogs.nytimes.com/2014/03/20/how-concerned-are-you-about-climate-change
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Ideas for Elementary School Teachers

With younger children, we agree that it is essential to develop children’s understanding of nature 

and the environment and the connections among us and the Earth, their ability to express their ob-

servations (either visually or in words), to identify patterns, and to ask critical questions about what 

they see. This will, we think, prepare them to more fully understand complex topics such as global 

warming and sustainability as they grow older. 

We urge those who work with older elementary students to also the individual subject areas in the 

next section, because many of those ideas could be adapted for elementary students; for older ele-

mentary students, some of the ideas may be useful just as they are.) This guide comes with a School 

GHG Calculator, which can be a great project for all but the youngest students.  

Would some of the following questions and activities help you achieve the goals set for various cur-

riculum areas in your classroom? (Because developmental levels and academic ability vary so much, 

we have not attempted to categorize these questions and activities for grades or ages.)

Leading Questions
• Do you enjoy playing outside? How does weather affect your time outdoors?

• Why do the seasons change throughout the year?  

(The tilt of Earth’s axis, not distance from the sun.) If students have a hard time with 

this, remind them that it’s summer here when it’s winter on the other side of the equator. 

• How does turning a switch make the lights go on or off? 

• Why do we sometimes see more stars than at other times? (Haze and light pollution.) 

• Why do leaves die each year? Why do they fall to the ground? 

• When do new leaf and flower buds form?  
(For most trees and shrubs, they form in the fall.)

• Do you know what is happening to the Monarch butterfly? 

 ￮ Do Monarch butterflies hibernate in the winter? Where? 

 ￮ How long does it take a Monarch to migrate to its summer grounds? 

• Why are bees important to help plants pollinate? What do bees need to survive? What is 

causing ‘colony collapse disorder’?

Sample Problems Related to Global Warming 
• If the sea level rises by just 1 meter, how many people will be displaced in the U.S.? How 

many will be displaced in SouthEast Asia and the Pacific Islands? 

 ￮ What if sea level rises 10 meters, as some current projections indicate is possible?  

(See Global Sea Level Rise Map resource; also see Metric System Refresher)

• Estimate the total CO2 emissions produced by your state’s cars and personal vehicles. 

Have students research the following information (or use the provided values): 

 ￮ Number of cars in your state: Federal Highway Administration. 

(www.fhwa.dot.gov/policyinformation/statistics/2010/mv1.cfm) 
 ￮ Average gas mileage per vehicle (1 gal/25 miles)

 ￮ Average miles driven (10,000 miles/year)

 ￮ Amount of CO2 produced per gallon of gasoline (8.78 kg/gallon). 

What is the total CO2 produced by those vehicles each year?

http://www.fhwa.dot.gov/policyinformation/statistics/2010/mv1.cfm
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Related questions on the metric system 

Science and technical information have become increasingly important, especially in understanding 

phenomena such as global warming, and much of that information uses the metric system. (And 

many products in the U.S. are already being sold in metric units.) Students whose classes include 

studying the metric system may have an advantage, so teaching the metric system makes sense. 

You might want to discuss why most people throughout the world use the metric system, and fol-

low up with some quick exercises, such as the following samples. 

• Why are there different units of measurement in different parts of the world? / Does ev-

eryone use the same measurements we do (inches, feet, quarts, miles, and so on)?  

(People in most countries use the metric system and the Celsius scale for temperature, 

not the Fahrenheit scale.) 

 ￮ How many liters in a gallon? 

 ￮ If it is 68°F in your classroom, what is that on the Celsius scale? 

 ￮ If it is freezing outside (32°F), what is the temperature on the Celsius scale? 

• Why do most scientists use the metric system? 

 ￮ Is it easier to work with a system where units of volume, length, and weight all corre-

spond? (1 milliliter = 1 cubic centimeter = 1 gram of water)

 ￮ Is it easier to work with a system where units progress in multiples of 10?  

(10 millimeter = 1 centimeter; 100 centimeter = 1 meter; 1,000 meters = 1 kilometer)

Activities
• Use containers with ice and water to show what happens to the water level when ice 

melts. What happens to the water level if the ice is floating in the water? What happens if 
the ice is outside the body of water but the water from melting drains into the water? 

• How do plants reproduce? Do all plants need help from pollinators? One optional activi-

ty: create cards with outlines of a plant and have students color in parts of the plant. 

• How do seeds grow? Plant seeds and watch them germinate (see ‘Make a Mini-Green-

house from a CD Case’ in additional resources list.) Note: What happens if it is placed in 

direct sun? Why?  

Compare to the greenhouse effect of excess greenhouse gases in the atmosphere. 

• What do you see? – Develop observation skills by having children record what they see in 

nature. Some possibilities include the number and types of flowers blooming (or leaves of 
different colors) ; how many days it is sunny or cloudy and how much warmth we get from 

the sun even in winter.

• Shapes of nature (1) – Collect leaves and sticks from outside and use to make art. 

(self-portrait, landscape, buildings, or…) 

• Shapes of nature (2) – Have students draw or cut their own snowflakes out of paper. Why 
do snowflakes always have a symmetrical, six-sided form? 

• Why are oil spills so hard to clean up? – Fill a bowl with water then add a little oil. Why 

does the oil float on top of the water? What’s the best way to clean up the oil? (Try differ-

ent items such as hair, grass, mushrooms, cloth, moss. Which works best?) 

Future worlds activities  (continued on next page) 
• Draw a scene as it might be if global warming gives us extended droughts, extreme heat, 

or flooding. (Not just what it looks like, but how it will be like for people.)
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• Plan and make a mural or picture book to show possible futures — what might the world 

be like in 50 years? (For example: a world with limited electricity, where it is much hotter 

in the summer, where storms are more intense, …)

• Imagine a world where sea level is 10 meters (about 33 feet) higher – Color in an outline 

map of the U.S. or of the Earth and its continents to show how much land will be lost as 

sea levels rise. (coast.noaa.gov/slr) & (geology.com/sea-level-rise) 

Music – Here are a few songs that may help young children understand and relate to the environ-

ment and nature:

• Can it! Save the planet! [www.songsforteaching.com/earthdaysongs/canitsavetheplanet-musicwithmar.htm] 

• (Every Arbor Day) Plant a Tree [www.songsforteaching.com/earthdaysongs]

• Little Blue Ball [www.songsforteaching.com/earthdaysongs]

• Every Day is Earth Day [www.songsforteaching.com/intellitunes/earthdaysong.htm]

• Reduce, Reuse, Recycle [www.songs4teachers.com/recycle2.pdf] 

Big Ideas

• Art and science are both ways of looking at things, understanding why they are what 

they are, and how they could be different.

Sources and Additional Resources for Elementary School

Many of these resources provide useful context and ideas in broad or multiple subject areas. Many 

additional resources are listed in the list of resources that apply to individual subjects.

Books & Periodicals
• EcoLiterate: How Educators Are Cultivating Emotional, Social, and Ecologi-

cal Intelligence, by Michael K. Stone & Zenobia Barlow. Center for Ecoliteracy, 2012. 

[www.ecoliteracy.org/book/ecoliterate] 

• A People’s Curriculum for the Earth, Bill Bigelow & Tim Swinehart, ed. Rethinking Schools, 

2014. [www.rethinkingschools.org/proddetails.asp?ID=9780942961577]

• Rethinking Schools – quarterly magazine features teachers describing real classroom experi-

ences, including teaching on climate, and climate justice – committed to a strong public educa-

tion system and social justice. [www.rethinkingschools.org] 

• Smart by Nature: Schooling for Sustainability, by Michael K. Stone. Center for Ecoliteracy, 

2009.  [www.ecoliteracy.org/book/smart-nature-schooling-sustainability] 

Additional Resources for Elementary School    (continued on next page) 
• Center for Climate and Energy Solutions (Formerly the Pew Center on Global Climate Change). 

A highly-rated center for reliable information, policy proposals, and action plans. [www.c2es.org] 

• Children of the Earth United – ideas, writing, and lessons by students (Amazing Animals, Awe-

some Activities, Creative Kids, Earth Issues, Eco-Careers, Great Books, Green Homes, Native 

Wisdom, Nature Programs, Powerful Plants, Recycling…)  [www.childrenoftheearth.org] 

• Climate Change, Climate Justice – Education Resource Pack (Primary). Trócaire, Re-

public of Ireland (Overseas Development Agency of the Catholic Church of Ireland). 

[www.trocaire.org/getinvolved/education/resources/education-resource-pack-primary-schools]  
This includes some useful resources, but please note that it was prepared by a church-related 
organization, and the Curriculum Links page (p. 2) contains one or two references to God and Jesus. 

This guide comes with a School GHG Calculator, but we also have a simplified version of the calculator for 
those who don’t have the time or resources to do a full GHG inventory. Contact teach-climate@sustainlv.org

http://www.ecoliteracy.org/book/ecoliterate
http://www.ecoliteracy.org/book/ecoliterate
http://www.rethinkingschools.org/proddetails.asp?ID=9780942961577
http://www.rethinkingschools.org/
http://www.ecoliteracy.org/book/smart-nature-schooling-sustainability
http://www.c2es.org
http://www.childrenoftheearth.org
http://www.trocaire.org/getinvolved/education/resources/education-resource-pack-primary-schools
mailto:teachclimate%40sustainlv.org?subject=
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• Climate Change, Global Warming & Solutions for Elementary School. Climate Change Educa-

tion website. (www.climatechangeeducation.org/k-12_schools/curriculum/elementary_school.html) 

• Global Sea Level Rise Map. Geology.com website – lets you visualize and show effect of various 

sea level changes [geology.com/sea-level-rise/] 

• Global Warming: Natural & Man-made Causes, Conservation & Debate. Social Studies for Kids 

website. [www.socialstudiesforkids.com/articles/geography/globalwarming1.htm] 

• Global Warming. Teaching & Learning Center website. Resources on biodiversity, desertification, 
deforestation, environmental science, energy, el niño, food, meteorology & weather, polar regions.  

(www.k12tlc.net/content/globewrm.htm) 

• Lessons from the Field: Environmental Education and Outreach Initiatives to Connect Families 

to Nature. City of Boulder & Regis University, Colorado. Includes activities, resources, and a 

brief discussion of ‘nature-deficit disorder’.  
[www.coloradoopenspace.org/conference/2011_lessons_from_the_field.pdf] 

• Let’s Talk About Climate Change. Climate Change Live website. Educator’s Toolkit, lesson 

plans, common misconceptions, [climatechangelive.org] 

• Make a Mini-Greenhouse from a CD Case [PDF]. Center for Ecoliteracy, 2010.  

[www.ecoliteracy.org/sites/default/files/CEL_mini_greenhouse_activity.pdf] 

• PBS Learning Media. Thousands of short clips sorted by grade level and subject, stan-

dards-aligned. [www.pbslearningmedia.org/about/products/teachers/] 

• Sea Level Rise and Coastal Flooding Impacts. National Oceanographic and Atmospheric Admin-

istration [NOAA] website – lets you set moderate levels of sea level rise. [coast.noaa.gov/slr/] 

• State of the Climate monthly reports with global, national, and regional updates on atmospheric 

conditions, temperatures, ice and snow, and severe weather. Published by the National Oceano-

graphic and Atmo spheric Administration [NOAA]. [www.ncdc.noaa.gov/sotc]

• Stories from the Field: Examples of Integrated Environmental and Sustainability Education. 

Washington State Department of Education, 2014. 30+ activity descriptions from K-12 teachers. 

[www.k12.wa.us/EnvironmentSustainability/Curriculum/Examples.aspx] 

• Student’s Guide to Global Climate Change: The Greenhouse Effect. EPA website. (suitable for 

younger students) [www3.epa.gov/climatechange/kids/basics/today/greenhouse-effect.html] 

• Sustainable Scotland. Learning for Sustainability Scotland website, University of Edinburgh. 

Ideas and programs to promote engagement and learning about sustainability for all ages.  

[learningforsustainabilityscotland.org]  These resources are no longer available at this site.
• Teach About Climate Change. NASA’s Climate Kids website. Print-ready versions of popular 

Climate Kids activities. [climatekids.nasa.gov/menu/teach]

• TeachEngineering website – large, searchable database of curriculum resources include lessons 

and activities (including many for grades K–6). [www.teachengineering.org] 

• Teachers Guide to High Quality Educational Materials on Climate Change and Global Warm-

ing. Carnegie Mellon University. [hdgc.epp.cmu.edu/teachersguide/teachersguide.htm] 

• Your Cool Facts and Tips on Climate Change. eSchoolToday website.  

[www.eschooltoday.com/climate-change/climate-change-terminology.html] 

• Zinn Education Project [zinnedproject.org], especially their Environment & Food teaching materials 
[zinnedproject.org/teaching-materials/?themes=environment-food] 

Resources on the metric system are found with the Metric System information on page 68. 

This guide comes with a free School GHG Calculator and is also being made available online at teach-climate.net.  
Questions or suggestions? Contact the project team at teach-climate@sustainlv.org.

http://www.climatechangeeducation.org/k-12_schools/curriculum/elementary_school.html
http://geology.com/sea-level-rise/
http://www.socialstudiesforkids.com/articles/geography/globalwarming1.htm
http://www.k12tlc.net/content/globewrm.htm
http://www.coloradoopenspace.org/conference/2011_lessons_from_the_field.pdf
http://www.coloradoopenspace.org/conference/2011_lessons_from_the_field.pdf
http://climatechangelive.org
https://www.ecoliteracy.org/sites/default/files/CEL_mini_greenhouse_activity.pdf
http://www.pbslearningmedia.org/about/products/teachers/
https://coast.noaa.gov/slr/
http://www.ncdc.noaa.gov/sotc
http://www.k12.wa.us/EnvironmentSustainability/Curriculum/Examples.aspx
http://www3.epa.gov/climatechange/kids/basics/today/greenhouse-effect.html
http://www3.epa.gov/climatechange/kids/basics/today/greenhouse-effect.html
http://climatekids.nasa.gov/menu/teach
https://www.teachengineering.org
http://hdgc.epp.cmu.edu/teachersguide/teachersguide.htm
http://hdgc.epp.cmu.edu/teachersguide/teachersguide.htm
http://www.eschooltoday.com/climate-change/climate-change-terminology.html
https://zinnedproject.org/
https://zinnedproject.org/teaching-materials/?themes=environment-food
http://teach-climate.net
mailto:teachclimate%40sustainlv.org?subject=
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Ideas for Teachers – Individual Subjects

Because global warming and climate change effect all sectors of thought and life, they, like other 

sustainability concepts are well-served by interdisciplinary and inquiry-based approaches—and 

they help develop essential skills in research, data collection & analysis, teamwork reporting, and 

presentation Some teachers report that integrating climate and sustainability into their subject 

area connects the work to students and their futures and helps meet curriculum goals. 

In addition, it’s important to help all students understand these concepts, not just those who are ac-

ademically proficient or who are able to take elective science courses. 

In the following pages, we will give a few samples of ways to use climate change and sustainability 

in nearly every subject area. (You will probably see some things that seem obvious to you, because 

this guide is for teachers with a wide range of experience who are teaching at different grade lev-

els.) 

Note that we are not trying to provide a curriculum or even individual units or lesson plans—our 

goal is simply to provide a few questions that can serve as entry points; we hope this will help you 

find effective ways to integrate climate and sustainability issues in your classroom. We think this 
can be done in ways that will not just be one more thing to cover, but a way to help meet learning 

goals and to enrich and enhance the classes. 

Following are some ideas about ways to integrate climate and sustainability topics in most subject 

areas. (Schools sometimes group subjects with acronyms such as DREAMS, STEM, and STEAM; 

we cover these as individual subjects. 

Resources are listed with each subject, but resources that apply to many subject areas and readings 

for students are listed separately, beginning on page 65.

Ideas for teachers who work with younger students appear starting on page 27. 

“We must begin to understand that we are all in this together. 
In our globalized world, everything we do affects not only the 
people around us, but also the people on the other side of the 
world. Almost every decision we make has an environmental 
impact, and therefore, an impact on human rights.”

—Jacy Good, Muhlenberg College graduate, 2008

This guide comes with a free School GHG Calculator and is also being made available online at teach-climate.net.  
Questions or suggestions? Contact the project team at teach-climate@sustainlv.org.

http://teach-climate.net
mailto:teachclimate%40sustainlv.org?subject=
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Art

(Many of these points also apply to dance, drama, music, photography, videography, creative writ-

ing, and other creative arts.)

Historically, one important role for the arts has been to explore and express societal concerns; they 

have often been in the vanguard of raising public consciousness about difficult matters. 

Can students use the arts to show how they see the world today, what it was like in the past, or 

what it might look like in the future? Their work—whether it’s a drawing, performance, sculpture, 

video, or writing—can help others to see and think about the world in new ways.

What can be done (in whatever form of art you teach), to address global warming and climate 

change in ways that help meet your teaching goals? How can you get students involved in discuss-

ing possibilities for action?

• How can we use information about global warming, and from an inventory of our school’s 

greenhouse gas emissions (GHG,) in our art?

• How can we make art that raises awareness of global warming and GHG?

• How can we motivate people in our school and community to take meaningful action on 

global warming? 

• How can we use art to explore solutions in a time of changing climate?

The ways could be as simple as individual posters or graphics, or complex projects or collaborative 

work such as a large-scale mural, a themed exhibition, or a skit or performance for the school. For 

an example of a mural, see Alexis Rockman’s ‘Manifest Destiny’, reproduced below. 

Big Ideas

• The arts can be powerful ways to help us see things from new perspectives.

• Historically, the arts have helped raise people’s awareness and create change.

Additional Resources for Art  (continued on next page) 
• Art of Sustainability. Sustainability Institute at Florida A&M website.  

[sustainability.famu.edu/engagement/art] 

‘Manifest Destiny’, by Alexis Rockman, 2004. (Smithsonian American Museum). 
Larger image | more about the artist 

This work is also on display at the Nurture Nature Center in Easton, Pennsylvania.

http://sustainability.famu.edu/engagement/art
http://americanart.si.edu/images/2011/2011.36A-D_1a.jpg
http://americanart.si.edu/images/2011/2011.36A-D_1a.jpg
http://www.brooklynmuseum.org/exhibitions/alexis_rockman
http://nurturenaturecenter.org
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• The art of sustainability: imagination, not spreadsheets will create change. The Guardian, May 

2013.  

[www.theguardian.com/sustainable-business/art-sustainability-imagination-create-change] 

• Fostering Environmental Literacy Rhode Island School of Design, 2014  

[www.risd.edu/about/news/2014/fostering-environmental-literacy/] 

• Making the Case for Environmental Sustainability in the Arts’. Grantmakers In the Arts, 2012. 

[www.giarts.org/article/making-case-environmental-sustainability-arts] 

• Manifest Destiny mural/painting Smithsonian American Art Museum website. 

[americanart.si.edu/images/2011/2011.36A-D_1a.jpg]  
More information at the Brooklyn Museum website. [www.brooklynmuseum.org/exhibitions/alexis_rockman]  
(The mural is also on display at the Nurture Nature Center in Easton, Pennsylvania.)

• MassArt Sustainability – Massachusetts College of Art & Design. [sustainability.massart.edu] 

• On the Arts and Sustainability. Ian David Moss, CreateEquity blog, 2009.  

[createquity.com/2009/06/on-arts-and-sustainability/] 

• Principles of Sustainability in Contemporary Art, Green Museum  
[greenmuseum.org/generic_content.php?ct_id=265] 

• STEM to STEAM. Rhode Island School of Design website [www.stemtosteam.org] 

• Visual Art and Writing in Science and Engineering. TeachEngineering website. 

[www.teachengineering.org/lessons/view/gat_visual_art_lesson01] 

• Why Use the Arts for Sustainability? – EcoArts Australis  

[www.ecoartsaustralis.org.au/ecoarts-australis/why-use-the-arts-for-environmental-sustainability] 

Also see Resources that apply to many subject areas and Readings for students.

“Art is not a mirror to reflect reality, but 
a hammer with which to shape it.” 

“Kunst ist nicht ein Spiegel den man der Wirklichkeit vorhält, 
sondern ein Hammer mit dem man sie gestaltet!”

—Bertolt Brecht

Would you like to share, discuss, and develop ideas about ways to integrate global warming and GHG 
emissions in school? We are setting up an online forum where interested teachers can share ideas. 

Contact teach-climate@sustainlv.org if you’d like to participate or if you have an idea to share.

http://www.risd.edu/about/news/2014/fostering-environmental-literacy/
http://americanart.si.edu/images/2011/2011.36A-D_1a.jpg
http://www.brooklynmuseum.org/exhibitions/alexis_rockman
http://NurtureNatureCenter.org
http://sustainability.massart.edu/
http://createquity.com/2009/06/on-arts-and-sustainability/
http://greenmuseum.org/generic_content.php?ct_id=265
http://www.stemtosteam.org/
http://www.teachengineering.org/lessons/view/gat_visual_art_lesson01
http://www.ecoartsaustralis.org.au/ecoarts-australis/why-use-the-arts-for-environmental-sustainability/
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Astronomy

(Also see Environmental Science & Earth Science)

Astronomy can increase understanding of global climate change by focusing attention on the pa-

rameters of Earth’s existence, the forces acting on it, and the major factors producing the variability 

in the conditions and the context for life on the planet—and it provides a good way to explore ques-

tions of the extent to which global warming is caused primarily by natural astronomical cycles and 

by human activity. 

Would questions like these engage students in your classroom? 

• What conditions are required for a planet to be habitable (for humans)? 

• In what ways does the sun affect the planet we live on?

• In what ways does the moon affect the planet we live on?

• What causes the seasons?

• What impacts do long-term astronomical cycles have on climate?

• What other factors determine global climate?)

Big Ideas 

• Understanding the Earth’s changing relationships with the sun is crucial for understand-

ing many phenomena on Earth. 

• Changes in Earth’s surface and atmosphere affect global temperatures and climate by 

containing or reflecting the sun’s energy. 

Additional Resources for Astronomy
• Astronomy and the Climate Crisis, by Antony Cooke. Springer, 2012. 

[www.springer.com/us/book/9781461446071] 

• Astronomy, Cycles, and Climate Change (Geological Digressions blog, 4 August 2016) 

[www.geological-digressions.com/?p=887] 

• Calculating the Energy from Sunlight Over a 12-hour Period (NASA)  

[www.grc.nasa.gov/www/k-12/Numbers/Math/Mathematical_Thinking/sun12.htm] 

Also see resources that apply to many subject areas and Readings for students.

Would you like to share, discuss, and develop ideas about ways to integrate global warming and GHG 
emissions in school? We are setting up an online forum where interested teachers can share ideas. 

Contact teach-climate@sustainlv.org if you’d like to participate or if you have an idea to share.

“Earth is an island of life for humans in the vastness of 
space… if we destroy Earth there will be no other life 
support for humans. 

—Student ‘Kiana’ (response to New York Times article, March 2014)

http://www.springer.com/us/book/9781461446071
http://www.geological-digressions.com/?p=887
https://www.grc.nasa.gov/www/k-12/Numbers/Math/Mathematical_Thinking/sun12.htm
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Biology

(Also see Environmental Science & Earth Science)

Biology is a key area for exploring global warming and climate change, especially the growing im-

pacts on people and the ecosystems of which we are part. An inventory of your school’s greenhouse 

gas emissions [GHG], provides a starting point and focus for discussion.

Would questions like the following samples help initiate or deepen discussion in your classroom? 

• In what ways is it helpful to think of the world as having one global ecosystem? 

• How will an increased greenhouse effect impact the Earth and its life forms?

 ￮ How does climate affect the behavior and other characteristics of various species?

 ￮ In what ways can climate affect natural selection?

• What is biodiversity?

 ￮ What is happening with bees and other pollinators and why does it concern all of us?

 ￮ What is an ‘extinction event’? When was the last mass extinction? 

 ￮ What is happening with extinction rates today? (Is this the ‘Sixth Mass Extinction’?)

• How do humans and human activity affect the climate?

• Will human biology be affected by climate change if continues on its present course?

• In what ways is climate change likely to impact you and this community?

Big Ideas

• Living things exist within environmental contexts, from local conditions to a planetary 

scope, in which climate plays a major role. 

• The life forms that make up a living ecosystem are interdependent.

Additional Resources for Biology   

• Calculating the Energy from Sunlight Over a 12-hour Period (NASA)  

[www.grc.nasa.gov/www/k-12/Numbers/Math/Mathematical_Thinking/sun12.htm] 

• Climate Tipping Points: Current Perspectives and State of Knowledge, Center for Climate 

Change and Environmental Forecasting (2009) [climate.dot.gov/about/overview/climate_tipping_points.html] 

• Confronting Climate Change in California [PDF]. Union of Concerned Scientists, 2005. 

[www.ucsusa.org/sites/default/files/legacy/assets/documents/global_warming/ca_curriculum_guide_final.pdf] 

• Global Warming. Union of Concerned Scientists website 

[www.ucsusa.org/our-work/global-warming/science-and-impacts/global-warming-science] 

• Global Warming: Early Warning Signs – Curriculum Guide for Biology, Environmental Science, 

Geography, Earth Science, and others focusing on the society-environment interface [PDF]. 

Union of Concerned Scientists, 2000. [mynasadata.larc.nasa.gov/docs/climate_change_guide.pdf] 

• ‘The Mystery of the Three Scary Numbers’ [PDF], by Bill Bigelow [excerpt from A People’s Cur-

riculum for the Earth] Rethinking Schools, 2014.  

[www.rethinkingschools.org/static/publication/apce/Mystery-of-Three-Scary-Numbers.pdf]

• A People’s Curriculum for the Earth, Bill Bigelow & Tim Swinehart, editors. Rethinking 

Schools, 2014. [www.rethinkingschools.org/proddetails.asp?ID=9780942961577]

• Three Scary Numbers [3-min. video]. Bill McKibben.  

[www.youtube.com/watch?v=5KtGg-Lvxso] 

Also see resources that apply to many subject areas and Readings for students.

https://www.grc.nasa.gov/www/k-12/Numbers/Math/Mathematical_Thinking/sun12.htm
https://climate.dot.gov/about/overview/climate_tipping_points.html
http://www.ucsusa.org/sites/default/files/legacy/assets/documents/global_warming/ca_curriculum_guide_final.pdf
http://www.ucsusa.org/our-work/global-warming/science-and-impacts/global-warming-science#.WFb4R0TMyRs
https://mynasadata.larc.nasa.gov/docs/climate_change_guide.pdf
http://www.rethinkingschools.org/static/publication/apce/Mystery-of-Three-Scary-Numbers.pdf
http://www.rethinkingschools.org/proddetails.asp?ID=9780942961577
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Chemistry

Global warming and climate change involve physical processes and chemical reactions that take 

place in the atmosphere, on land, and in the ocean and other bodies of water, in living beings, and 

in interactions among them. Exploring these interactions and cycles provides important entries 

points to understanding global warming and climate change. (Some of the physical processes and 

effects are considered in more detail under Astronomy, Environmental Science, and Physics.) 

Would some of the following questions help start or add depth to student discussions of global 

warming and greenhouse gas emissions (GHG)?

• What is the basic chemical reaction of photosynthesis?  

(6CO2 + 6H2O à C6H12O6 + 6O2). 

• What elements and compounds are found in these sources?

 ￮ Gasoline?

 ￮ Automobile exhaust?

 ￮ Near an active volcano?

 ￮ Water from ‘fracking’?

 ￮ Crude oil from the Bakken Shale? (Compare to other crude oil)

• What are the basic chemical reaction of combustion of wood? …gasoline? …Diesel fuel?  

(for wood, it’s C6H12O6 + 6 O2 à 6 CO2 + 6 H2O + heat)

• What are the main sources of global warming emissions (greenhouse gases)? 

• How much space would 1 metric ton of CO2 occupy at normal atmospheric pressure?  

How much is this affected by temperature?

• Do policies and regulations on the use and distribution of man-made compounds reflect 
scientific knowledge about their effects on climate (and safety for humans)?

Big Ideas

• Physical and chemical processes, whether natural or created by humans (including prod-

ucts that we use every day) can be both helpful and harmful to our health and to the cli-

mate. 

• It is difficult—but extremely important for sustainability—to understand and balance the 

effects—short-term and long-term, natural and human-caused. 

Additional Resources for Chemistry
• Climate Change Education website (including lesson plans). 

[www.climatechangeeducation.org/k-12/chemistry/index.html] 

• Global Climate Change – Lesson Plans for Educators. U.S. Environmental Protection Agency 

website. [www3.epa.gov/climatechange/kids/resources/lesson-plans.html] 

• National Energy Development Project (NEED). Many curricular materials at a variety of levels. 

[www.need.org] 

Also see resources that apply to many subject areas and Readings for students.

Would you like to share, discuss, and develop ideas about ways to integrate global warming and GHG 
emissions in school? We are setting up an online forum where interested teachers can share ideas. 

Contact teach-climate@sustainlv.org if you’d like to participate or if you have an idea to share.

http://www.climatechangeeducation.org/k-12/chemistry/index.html
https://www3.epa.gov/climatechange/kids/resources/lesson-plans.html
http://www.need.org
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Communication & Journalism

(Also see English | Language Arts & Writing.)

For teachers working with communication, journalism, and media, topics related to global warming 

and climate change can allow students to bridge your subject-area goals with an important current 

topic that also intersects other subject areas—and an area where they can make a unique contribu-

tion to deepen the school community’s understanding of climate change. 

Topics such as global warming and climate change, fossil fuel extraction and use, pipelines, and 

social movements have been challenges for the communications, journalism, and media fields. For 
just that reason, these topics can help teachers explore such challenges and look beyond the techni-

cal skills to societal implications, allowing students to connect work in this subject area with other 

subjects. This, in turn, can put your students in the position of making unique contributions to the 

school community’s understanding of climate change. 

Will these questions help initiate or add depth to discussion on media coverage of global warming 

and climate change?  

• Do you agree or disagree that an informed electorate is a prerequisite for democracy? 

(Why or why not?)

 ￮ In that context, do our media do a good job covering issues such as global warming 

and climate change? Is there enough detail and depth for an ‘informed electorate’?

 ￮ In the same context, do our media do a good job with issues such as climate justice 

and other social justice concerns? 

• Do some news reports give the scientific basis for global warming, while others deny any 
connection to human activity? 

 ￮ If so, what accounts for these contradictory messages? 

 ￮ What societal factors and pressures influence journalistic reporting?

• How does extent and depth of coverage on global warming and climate change compare to 

coverage of entertainment and sports? 

• Do some news reports question or dismiss the scientific basis for global warming or its 
connection to human activities? 

• How can we distinguish between factual reporting and false news, propaganda, or Orwel-

lian double-think (contradictory beliefs passed on as equivalences)?

• Is the mainstream or commercial media doing a good or bad job in providing meaningful 

coverage of global warming and climate change? Why or why not? 

• How does the extent and depth of media coverage on climate compare to coverage on en-

tertainment and sports?

Would any of these ideas for writing related to global warming and climate change help generate 

discussion and productive work (or deepen the discussion that’s already going on)? 

• Feature stories on awareness of global warming in the school or community

• News stories on how people are being affected by global warming

• Stories connecting a current issue such as protests against pipelines or fossil-fuel ex-

traction with global warming and climate change

• Interviews with people in the community, including a range of different ages/generations 

• A series of articles about climate change science and impacts, including climate justice 
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• Reporting on changing extinction rates

• Reporting, analysis, posters, and/or presentations on:

 ￮ Ways in which your school contributes to climate change

 ￮ How classes in the various subjects are addressing these matters

 ￮ Possible ways to reduce your school’s GHG emissions

Big Ideas

• Topics such as global warming, climate change, fossil fuel extraction, pipelines, dissent 

and other politically-charged matters present significant challenges to the fields of com-

munications, journalism, and media.

• Investigative reporting in these areas involves considering both the scientific facts and 
the economic, social, and political contexts.

• The quality of writing and media coverage plays an important role in society.

Additional Resources for Communication & Journalism
• Center for News Literacy – Bringing crucial critical thinking skills for the 21st century to teach-

ers and students. [www.centerfornewsliteracy.org] 

• Global Warming’s Terrifying New Math by Bill McKibben. Rolling Stone, July 2012. 

[www.rollingstone.com/politics/news/global-warmings-terrifying-new-math-20120719] 

• Global Warming’s Terrifying New Chemistry, by Bill McKibben. The Nation, April 2016. 

[www.thenation.com/article/global-warming-terrifying-new-chemistry/] 

• How to Teach High-School Students to Spot Fake News. Slate.com, December 2016.  
[www.slate.com/articles/technology/future_tense/2016/12/media_literacy_courses_help_high_school_students_spot_fake_news.html] 

• Making Sense of the News MOOC [$$]. Center for News Literacy, 2016. An online version of the 

News Literacy curriculum developed at Stony Brook University in New York and the University 

of Hong Kong. Financial aid available. [www.coursera.org/learn/news-literacy] 

• Media Construction of Global Warming; A Digital Media Literacy Curriculum. Project Look 

Sharp website, with downloadable teacher resources on this and other topics.  

[www.projectlooksharp.org/?action=global_warming] 

• News Literacy Course Pack. Center for News Literacy, 2016. Outlines eight key concepts for 

News Literacy [drc.centerfornewsliteracy.org/course-pack]

• Research on News Literacy. Center for News Literacy. [www.centerfornewsliteracy.org/research] 

• Why Teach About Climate Change in English Language Arts, in Teaching Climate Change to 
Adolescents: Reading, Writing, and Making a Difference by Richard Beach, Jeff Share, and Al-

len Webb. Routledge, Spring 2017. [climatechangeela.pbworks.com/w/page/100551079/FrontPage] 

Also see resources that apply to many subject areas and Readings for students.

“The  flood of fake news, propaganda, rumors, and 
advertising that often masquerade as news has made 
it harder than ever to separate fact from fiction.” 

—Center for News Literacy

http://www.centerfornewsliteracy.org
https://www.thenation.com/article/global-warming-terrifying-new-chemistry/
http://www.slate.com/articles/technology/future_tense/2016/12/media_literacy_courses_help_high_school_students_spot_fake_news.html
http://www.coursera.org/learn/news-literacy
http://www.projectlooksharp.org/?action=global_warming
http://drc.centerfornewsliteracy.org/course-pack
http://www.centerfornewsliteracy.org/research
http://climatechangeela.pbworks.com/w/page/100551079/FrontPage
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Drama & Theatre

(also see pages on Art and Writing)

Many plays and films dramatize the economic, social, and political concerns of their times, often 
with hopes that such dramatization will lead to change. Henrik Ibsen’s classic play An Enemy of 

the People comes to mind. The great German playwright Bertolt Brecht gave us some great exam-

ples of this—think of The Threepenny Opera (Die Dreigroschenoper), Mother Courage and her Chil-
dren (Mutter Courage und Ihre Kinder), Saint Joan of the Stockyards (Die Heilige Johanna der Schlachthöfe), or 

The Resistible Rise of Arturo Ui (Der aufhaltsame Aufstieg des Arturo Ui). 

You are probably already aware of contemporary works that deal with climate change and energy 

sources, such as Al Gore’s film, An Inconvenient Truth (film). There are also many historical and 
biographical plays and films that focus on extractive industries, our fossil-fuel-based way of life, and 
environmental degradation (including the production of GHG and global warming).

Dramatic writing, theatre, film, and video provide students with creative means for exploring their 
own understanding of sustainability concerns and raising their own consciousness. In addition to 

dramatic readings of scripts, acting in productions, or seeing performances of plays and films, stu-

dents can create role plays to explore possibilities for and barriers to climate action. Following are a 

few that were suggested to us. Would they work in your classroom? (If you and your students create 

other role plays or other approaches, please let us know by email!)

• Conference of the Parties (COP) – delegates from the U.S., other developed countries, 

less-developed countries, island and low-lying nations in a meeting to decide what should 

be done to reduce and minimize global warming and its impacts. 

• What’s the real story? – Establish 5–10 roles and positions and prepare cards for each. 

(Possible roles include government officials, independent climate scientists, fossil fuel 
executives, climate activists, and ordinary citizens; base their positions on real positions 

reported in the news.)  

Distribute a card to each student, and ask each member of the class to interview others to 

understand climate change. 

• Improv — comic/satirical routines with situations and characters suggested by the stu-

dents themselves.

• Street theater, adapted for a school campus — brief performances and presentations in 

lunchrooms, hallways during passing, the space around the main entrances to the schools 

at the beginning and end of the school day, main entrances to gyms and playing fields for 
public sporting events. (Be careful not to do anything that would create safety issues.)

A few plays engage the ideas of climate change and/or using drama to create change:

• Forward, by Chantal Bilodeau. Takes its title from Nansen’s ship Fram (the Norwegian 

word for forward). A poetic history of climate change and how a spirit of innovation pro-

pelled Norwegians through major events of the 20th century. (part of the Arctic Cycle)

• Sila, by Chantal Bilodeau. Looks at competing interests shaping the future of the Ca-

nadian Arctic and local Inuit population. (Sila is the Inuktitut word for air, climate or 

breath.) (part of the Arctic Cycle)

• This Clement World, by Cynthia Hopkins. The history of Earth, an alien’s point of view.

• 2071: The World We’ll Leave Our Grandchildren, by Duncan Macmillan and Chris 

Rapley. An exploration of climate change and the controversies that surround it. 2014. 

Also see the Readings for students section, page 66.

mailto:teachclimate%40sustainlv.org?subject=Drama/role%20plays
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Books that deal with climate and environmental concerns and offer a variety of stories that 
could be dramatized 

• All Our Relations, by Winona LaDuke. South End Press, 1999. An in-depth account of cases of 

Native resistance to environmental and cultural degradation, stressing the possibility for heal-

ing and building community. [out of print, but can still be found in some stores and online]

• The Winona LaDuke Chronicles, by Winona LaDuke. A collection of current, press-

ing and inspirational stories of Indigenous communities from the Canadian sub-

arctic to the heart of Dine Bii Kaya, the Navajo Nation. Spotted Horse Press, 2016. 

[www.honortheearthmerchandise.com/honorartists/chronicles] 

Big Ideas

• Plays and films are powerful ways to dramatize new perspectives and raise people’s 
awareness.

• Drama, theatre, film, and videography provide students with creative ways explore their 
own understandings of sustainability concerns and for raising their own—and others’—

awareness.

Additional Resources for Drama & Theatre
• Climate Change Materials for Teachers. ClimateChangeLive.org website. 

[climatechangelive.org/index.php?pid=180] 

• Disobedience, by Kelly Nyks (film, 41 minutes, 2016). “the story of the struggle to save the 
world… the David vs. Goliath tales of front-line leaders around the world risking life and limb 

for a liveable climate.” Free download 

 [watchdisobedience.com] 

• National Energy Development Project (NEED). Many curricular materials at a variety of levels. 

[www.need.org] 

• Political Stages, Edited by Emily Mann & David Roessel. Applaude Theatre & Cinema Books, 

2002. Short plays by 20th-century playwrights (with introductions). 

Also see resources that apply to many subject areas and Readings for students.

“Art is not a mirror to reflect reality, but 
a hammer with which to shape it.” 

“Kunst ist nicht ein Spiegel den man der Wirklichkeit vorhält, 
sondern ein Hammer mit dem man sie gestaltet!”

—Bertolt Brecht

Would you like to share, discuss, and develop ideas about ways to integrate global warming and GHG 
emissions in school? We are setting up an online forum where interested teachers can share ideas. 

Contact teach-climate@sustainlv.org if you’d like to participate or if you have an idea to share.

http://www.honortheearthmerchandise.com/honorartists/chronicles
https://climatechangelive.org/index.php?pid=180
http://watchdisobedience.com
http://www.need.org
http://www.halleonardbooks.com/product/viewproduct.action?itemid=314499&subsiteid=164
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Economics & Business

From an economics and business perspective, global warming, climate change, and other sustain-

ability concerns raise questions about the way our systems function. On the microeconomic level, 

many individual commercial and financial transactions affect—and are affected by—global phenom-

ena, including global warming and climate change. On a global scale, decisions and actions by large 

corporations and nations have profound impacts on global warming and climate change. Some in-

dustries have direct impacts on GHG emissions, such as those involved in fossil fuel extraction, pro-

cessing, and distribution, in industrial agriculture, or in manufacturing vehicles. Renewable energy 

providers, holistic organic agriculture, and developers of mass transit systems also have significant 
impacts on reducing GHG emissions

Following are a few sample areas as a starting point for exploration. Would these help initiate or 

deepen exploration and discussion in your classes? 

• What might be the effect on GHG of community-owned local energy utilities or purchas-

ing preferences for local products? 

• How do market forces, regulatory agencies, taxes, and tax credits help resolve climate 

and emissions problems?

• How does global warming impact the economy and business?

 ￮ What are the economic effects of changing temperatures and increased flooding and 
drought?

 ￮ What are the economic impacts of extreme weather events (storms, drought, flooding, 
heat, wildfires, …)?

 ￮ What are the economic impacts of mass migration and security threats?

• How do the production and distribution of goods and services influence global warming?

• How do subsidies and accounting practices affect global warming?

 ￮ How do externalities encourage companies to ignore global warming and therefore 

tend to increase greenhouse gas emissions (GHG)

 ￮ How do subsidies for oil and other fossil-fuel industries tend to increase fossil fuel use?

 ￮ Do subsidies encourage large-scale farming and chemical- and machine-intensive 

farming at the expense of small farms?

• How long does it takes to recover an investment in energy-saving measures or devices? 

 ￮ If you replace an incandescent lamp with an LED lamp, how long will it take for the 

savings in electricity to repay the cost of the new lamp? (Assume the LED bulb costs 

$10, that it uses 85% less electricity, and that the price of electricity is $0.10/kWh.)

 ￮ Suppose it costs $500 to rewire the lights to make it easier to switch off some of 

them. What do we need to know to calculate how long will it take to recover this cost 

through reduced electric bills?

• What is the relationship between ‘return on investment’ and ‘payback period’? 

• What is the impact of subsidies and incentives? (Can you and students develop some 

testable hypotheses on these subjects?) How would these actions affect corporate deci-

sion-making and consumer demand?

 ￮ Moving subsidies from fossil fuels to renewable energy? 

 ￮ Establishing a carbon tax?

 ￮ Moving subsidies from industrialized farming to sustainable methods? (For example, 

organic growing sequesters carbon into the soil, reducing net GHG emissions)
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• What is our responsibility if an action is expected to be desirable and profitable, but may 
be harmful to the economy, climate, environment, human health, and other areas? 

 ￮ To what extent is it desirable to explore possible unforeseen effects (unintended con-
sequences) that a proposed or planned project or action may produce? 

 ￮ To what extent should the Precautionary Principle be applied?

• What is our responsibility if the possibility of harmful consequences is discovered after 

an action or product is introduced? 

Since continual growth on a finite planet seems by definition to be unsustainable, what other ways 
can you and students develop to explore the idea of steady-state economies and qualitative 
growth and its compatibility with systems thinking? 

Big Ideas

• Economic decisions affect global warming and climate change; these, in turn, affect indi-

vidual businesses and the economy as a whole.

• Decisions by governments and multinational corporations affect global warming and cli-

mate change; these, in turn, affect individual businesses and the economy as a whole.

• Alternative approaches involving the public and community can change the focus to sus-

tainability, instead of just profitability.

Additional Resources for Economics & Business
• Center for the Study of the Steady-State Economy. [www.steadystate.org] 

• Climate Accountability Scorecard. Union of Concerned Scientists, 2016. Climate deception, dis-

closure, and action by major fossil-fuel companies.  

[www.ucsusa.org/global-warming/fight-misinformation/climate-accountability-scorecard-ranking-major-fossil-fuel-companies] 

• Economics, Steady State [PDF], by Mark. W. Anderson, University of Maine. Berkshire Publish-

ing Group, 2012. [umaine.edu/soe/files/2009/06/Economics-Steady-State.pdf] 

• Economics of Climate Change. ClimateCost website [www.climatecost.cc] 

• Global Warming’s Terrifying New Math by Bill McKibben. Rolling Stone, July 2012. 

[www.rollingstone.com/politics/news/global-warmings-terrifying-new-math-20120719] 

• Going Local: Creating Self-Reliant Communities in a Global Age, by Michael Shuman. Rout-

ledge, 2000. [michaelhshuman.com] 

• The Precautionary Principle [www.precautionaryprinciple.eu] 

• Precautionary Principle, the Wingspread Statement. Science and Environmental Health Net-

work, 1998. [www.sehn.org/wingspread-conference-on-the-precautionary-principle] 

• Renewable Infrastructure Investment Handbook: A Guide for Institutional Investors. World 

Economic Forum, 2016. [www3.weforum.org/docs/WEF_Renewable_Infrastructure_Investment_Handbook.pdf] 

Also see resources that apply to many subject areas and Readings for students.

‘Not everything that can be counted counts, and 
not everything that counts can be counted.’   

—Albert Einstein

Would you like to share, discuss, and develop ideas about ways to integrate global warming and GHG 
emissions in school? We are setting up an online forum where interested teachers can share ideas. 

Contact teach-climate@sustainlv.org if you’d like to participate or if you have an idea to share.

http://www.steadystate.org
http://www.ucsusa.org/global-warming/fight-misinformation/climate-accountability-scorecard-ranking-major-fossil-fuel-companies
http://umaine.edu/soe/files/2009/06/Economics-Steady-State.pdf
http://www.climatecost.cc
http://michaelhshuman.com
http://www.precautionaryprinciple.eu
http://sehn.org/wingspread-conference-on-the-precautionary-principle/
http://www3.weforum.org/docs/WEF_Renewable_Infrastructure_Investment_Handbook.pdf
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Engineering

Engineers help create many of the structures, devices, and processes we use and depend upon every 

day—and they also figure out how to make existing systems work better. High-school engineering 
classes can provide many opportunities to explore ways to mitigate global warming and climate 
change, including finding ways to reduce energy use and greenhouse gas emissions (GHG)—now an 
important engineering specialty.
Would any of the following questions help start or deepen discussion and understanding in your 

classroom? 

• What is average per-capita energy use in the world? …in the developed world? …in the 

U.S.? (The U.S. has less than 5% of the world population, but consumes over 25% of its 

resources.)

• How can we reduce our demand for energy by 25%? … 50%? … 

• Can we become ‘climate neutral’? (What will happen if we don’t?)

• How can we harness more wind and solar energy? Can we do this where the power is 

needed? (When we generate power at industrial-scale power generating stations and then 

send it hundreds of miles, there are significant losses in transmission.) 

• Do we need to find safer ways to extract oil and gas—or ways to eliminate fossil fuels? 

• What will be the roles for engineering in a world where sustainability and reducing glob-

al warming are top priorities? (Will you be prepared for these jobs?)

• What might various engineering specialties contribute to reducing or mitigating the cli-

mate crisis caused by global warming? 

(For example, Can chemical engineering develop more efficient ways to capture solar en-

ergy for electricity, store energy, or generate heat or electricity without GHG?) 

• How might your school produce energy renewably on campus? What greater efficiencies 
might be created?

The term ‘embedded energy’ is sometimes used to describe energy used to manufacture a product. 

Since energy use has a direct correlation to the GHG emissions, this is sometimes described as ‘em-
bedded carbon’. 

When looking at sustainability, we often see ideas that appear to be good, but may have damaging 

long-term impacts that can even dwarf the immediate and visible impacts. Some of the great feats 

of engineering have wound up causing ‘unintended consequences’, because they failed to look at 

the whole system or failed to do a comprehensive life-cycle analysis. Sometimes this is the result 

of designers and engineers restricted to working within boundaries that do not allow a more com-

plete analysis, and sometimes the sponsoring company or institution wants to avoid consideration of 

factors that could complicate the project or increase costs. 

• How can life cycle analysis and consideration of possible unintended consequences 

help us evaluate projects in terms of sustainability? 

 ￮ What GHG emissions are created in the manufacture and construction of a nuclear 

power plant? 

 ￮ What GHG emissions are created in the mining and refining of uranium and the 
manufacture and eventual disposal of the fuel rods used in nuclear reactors? 

• What can we learn about unintended consequences from the nuclear catastrophes at 

Three Mile Island, Chernobyl, and Fukushima?
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Big Ideas

• Clear boundaries can be important to maintain project focus, but operating within a 

holistic decision-making framework is critical—life cycle analysis and examining the 

whole system within which the project will function.  

Sources and Additional Resources for Engineering
• Solar FAQs [PDF]. by Jeff Tsao, et al. Global-scale energy and GHG projections by U.S. Depart-

ment of Energy, California Institute of Technology, and Argonne National Laboratory, 2005. 

Some estimates and cost assumptions are out of date, but this is still an important resource 

for understanding long-term energy and carbon/GHG projections. [www.sandia.gov/~jytsao/Solar%20
FAQs.pdf] 

• TeachEngineering website – large, searchable database of curriculum resources include lessons 

and activities for grades K–12 [www.teachengineering.org] 

• Teachers Guide to High Quality Educational Materials on Climate Change and Global Warm-

ing. Carnegie Mellon University [hdgc.epp.cmu.edu/teachersguide/teachersguide.htm] 

• Visual Art and Writing in Science and Engineering. TeachEngineering website. 

[www.teachengineering.org/lessons/view/gat_visual_art_lesson01] 

Also see resources that apply to many subject areas and Readings for students.

“We are like tenant farmers chopping down the fence 
around our house for fuel when we should be using nature's 
inexhaustible sources of energy — sun, wind, and tide… . 
I’ d put my money on the sun and solar energy.” 

   —Thomas Edison, 1931 (talking to Henry Ford & Harvey Firestone)

Would you like to share, discuss, and develop ideas about ways to integrate global warming and GHG 
emissions in school? We are setting up an online forum where interested teachers can share ideas. 

Contact teach-climate@sustainlv.org if you’d like to participate or if you have an idea to share.

http://www.sandia.gov/~jytsao/Solar%20FAQs.pdf
https://www.teachengineering.org
http://hdgc.epp.cmu.edu/teachersguide/teachersguide.htm
http://hdgc.epp.cmu.edu/teachersguide/teachersguide.htm
http://www.teachengineering.org/lessons/view/gat_visual_art_lesson01
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English Language Arts

(Also see Communication & Journalism, Drama & Theatre, Writing)

Clearly, English and Language Arts classes can benefit from a variety of subject matter. While se-

rious matters should not be treated merely as exercises, we think the classroom teacher is key to 

preventing trivialization by framing the activities as being of serious concern and of importance in 

students’ lives. 

Following are a few sample areas that might help initiate or deepen student discussion and explora-

tion. Would these be helpful in your classes? 

Following are a few sample ideas as a starting point for discussion and exploration. 

• Have students read fiction and non-fiction works about a future under global warming 
and facilitate discussions about the facts and implications. (See possible readings below.)

• Show short videos dealing with climate change climate change, fossil fuels, renewable 

energy sources, and related matters, and about them; have students facilitate discussions 

about the facts, controversies, and implications.

• Have students write about the impacts climate change may have on their own lives in dif-

ferent writing genres, such as essays, fiction, journalism, and poetry. Some possibilities 
for getting started:

 ￮ Results of the COP events, especially COP21 & COP22. 

 ￮ Possible effects of the failure to reduce GHG emissions, keep fossil fuels in the ground, 

or transition more rapidly enough to renewable sources of energy.

 ￮ Ways students and communities are acting to raise awareness, to mitigate climate 

change resulting from global warming, or to stop harmful practices and initiate sus-

tainable ones

Big Ideas

• Complex topics such as global warming and sustainability matters benefit from a strong 
focus on substance.

• Thoughts and feelings about global warming and its significance for their futures can 
help inspire deeper, more substantive expression in student writing, discussions, and oral 

presentations.

Potential Readings

A variety of suggested readings are listed in the Readings for students section, page 66. In ad-

dition to selections that focus directly on global warming, some are intended to raise environmental 

and social awareness. 

Links and Additional Resources for English Language Arts  (continued on next page) 
• Children of the Earth website – ideas, writing, and lessons by students (Amazing Animals, Awe-

some Activities, Creative Kids, Earth Issues, Eco-Careers, Great Books, Green Homes, Native 

Wisdom, Nature Programs, Powerful Plants, Recycling, We Give Thanks)

• Climate Change and Your Community. Two short video clips from PBS.  

[www.pbs.org/newshour/extra/lessons_plans/climate-change-and-your-community/] 

• Cross-Curricular Math, English, and Science Lesson. Open Educational Resources website.  

[www.oercommons.org/authoring/7876-climate-change-cross-curricular-math-english-scien] 

• Haiku [PDF]. North Texas Institute for Educators…. [ntieva.unt.edu] 

http://www.pbs.org/newshour/extra/lessons_plans/climate-change-and-your-community/
https://www.oercommons.org/authoring/7876-climate-change-cross-curricular-math-english-scien
http://ntieva.unt.edu
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• How to Teach High-School Students to Spot Fake News. Slate.com, December 2016. 

[www.slate.com/articles/technology/future_tense/2016/12/media_literacy_courses_help_high_school_students_spot_fake_news.html] 

• Political Stages, Edited by Emily Mann & David Roessel. Applaude Theatre & Cinema Books, 

2002. Short plays by 20th-century playwrights (with introductions).  

[www.halleonardbooks.com/product/viewproduct.action?itemid=314499&subsiteid=166] 

• Teaching Climate Change in English Language Arts, by Richard Beach. Literacy & NTCE 

website.  [blogs.ncte.org/index.php/2016/03/teaching-climate-change-english-language-arts] 

• Why I must Speak Out About Climate Change, by James Hansen (2012)  

TED talk, runs about 18 minutes 

[www.ted.com/talks/james_hansen_why_i_must_speak_out_about_climate_change] 

• Why Teach About Climate Change in English Language Arts, in Teaching Climate Change to 
Adolescents: Reading, Writing, and Making a Difference by Richard Beach, Jeff Share, and Al-

len Webb. Routledge, Spring 2017. [climatechangeela.pbworks.com/w//100551079/FrontPage] 

Also see resources that apply to many subject areas and Readings for students.

“…will we look into the eyes of our children and confess 
that we had the opportunity, but lacked the courage? 
that we had the technology, but lacked the vision?”

—Former President John F. Kennedy

Would you like to share, discuss, and develop ideas about ways to integrate global warming and GHG 
emissions in school? We are setting up an online forum where interested teachers can share ideas. 

Contact teach-climate@sustainlv.org if you’d like to participate or if you have an idea to share.

http://www.slate.com/articles/technology/future_tense/2016/12/media_literacy_courses_help_high_school_students_spot_fake_news.html
http://www.halleonardbooks.com/product/viewproduct.action?itemid=314499&subsiteid=164
http://blogs.ncte.org/index.php/2016/03/teaching-climate-change-english-language-arts
https://www.ted.com/talks/james_hansen_why_i_must_speak_out_about_climate_change
http://climatechangeela.pbworks.com/w/page/100551079/FrontPage
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Environmental Science – Earth Science

Teachers in Environmental Science and Earth Science already cover climate change. Doing an 

actual GHG inventory can enrich these classes with meaningful learning experiences that help to 

raise students’ awareness.

In some districts, there may be a tendency to present global warming and climate change in a 

series of separate topics. We think it is important to take an ecological system approach, where the 

various elements are interactive and interdependent—and that systems thinking is critical in ex-

ploring environmental science and sustainability.

In environmental science, we often need both a general understanding and specific analysis, so to 
really understand problems. Would these sample questions help start or deepen discussion in your 

classes? 

• In what ways is the ‘greenhouse effect’ beneficial?  
(If out of balance in one direction, it creates global warming—but if it were out of balance 

in the other direction, the Earth would cool; if there were no greenhouse effect at all, 

temperatures might average about -20°C (-4°F).

• When global warming causes arctic ice to melt, it reduces the albedo of a large area of 

the Earth’s surface. Why is this called a feedback loop? Can you think of other examples 

of feedback loops? 

• Outside factors often affect natural processes, but when the effect goes beyond a certain 

threshold—the tipping point—it can cause a sudden change to a new state. 

 ￮ Permafrost is a critical carbon sink. What happens as global warming melts the 

permafrost and releases stored carbon in the form of methane and carbon dioxide? Is 

this an example of a feedback loop? Is there a tipping point where it triggers sud-

den climate change? 

 ￮ Massive currents like the ‘Gulf Stream’ and ‘North Atlantic Drift’ arise as warm, 

salty water flows north from the tropical zones and keeps the British Isles and Scan-
dinavia 10–15°C (18–27°F) warmer than would otherwise be expected at such high 

latitudes. If sea and land ice continue to melt, what effect will millions of gallons of 

cold meltwater have on ocean currents and on living conditions in northern Europe? 

• How does movement in the Earth’s crust (plate tectonics) affect global warming, either 

directly or indirectly? 

When we try to achieve the sustainability of human societies and communities, we are often mis-

led by approaches that look promising in the short term—but may have damaging long-term effects 

(unintended consequences). For example, when fossil fuels were discovered and developed, they 

promised a relatively inexpensive supply of energy. It took over a century for people to begin to un-

derstand that use of fossil fuels was causing an increase in atmospheric CO2 and global warming. 

It might have been possible to foresee some of the impacts with a comprehensive life cycle analy-
sis, if people had tried to work in harmony with natural systems instead of viewing nature as made 

up of resources that were there to serve human needs.

A general or ‘big picture’ understanding helps when exploring solutions, but some problems may 

also have to be quantified. For example:

• What is the volume of ice in the Greenland ice sheet in cubic kilometers (km3)? 

• If the ice sheet melts, how much will that volume of water raise world sea levels? 
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Big Ideas

• Earth and its many, diverse environments, are dynamic systems where components inter-

act with each another and with living beings in complex ways.

• Viewing ourselves as part of environmental systems rather than as standing apart from 

them could result in different choices about how to live on planet Earth.

• Actions that seem very positive can have damaging long-term impacts. 

Additional Resources for Environmental Science 
• Arctic Sea Ice News & Analysis Latest news & data on ice conditions in the Arctic. National 

Snow & Ice Data Center website. [nsidc.org/arcticseaicenews] 

• A bridge to nowhere: methane emissions and the greenhouse gas footprint of natural gas [PDF]. 

Robert W. Howarth. Energy Science and Engineering, 2014.  
[www.eeb.cornell.edu/howarth/publications/Howarth_2014_ESE_methane_emissions.pdf] 

• Calculating the Energy from Sunlight Over a 12-hour Period (NASA)  

[www.grc.nasa.gov/www/k-12/Numbers/Math/Mathematical_Thinking/sun12.htm] 

• Carbon Flows diagram 2014. Lawrence Livermore National Laboratory, 2016. Sankey chart 

showing sources, carbon flows & processes, and destinations. [flowcharts.llnl.gov/commodities/carbon] 

• Climate Hot Map website. Union of Concerned Scientists. Explore many specific indicators and 
impacts of global warming and climate change. [climatehotmap.org] 

• Climate Tipping Points: Current Perspectives and State of Knowledge, Center for Climate 

Change and Environmental Forecasting (2009) [climate.dot.gov/about/overview/climate_tipping_points.html] 

• Eaarth – Making a Life on a Tough New Planet, by Bill McKibben. We’ve created a new 

planet, and it’s not as nice as Earth. [www.billmckibben.com/eaarth/eaarthbook.html] 

• Energy Flows diagram 2015. Lawrence Livermore National Laboratory, 2016. San-

key chart showing sources, energy flows & processes, and destinations/uses.
[flowcharts.llnl.gov/content/assets/docs/2015_United-States_Energy.pdf] 

• Global Warming. Union of Concerned Scientists website 

[www.ucsusa.org/our-work/global-warming/science-and-impacts/global-warming-science] 

• Global Warming: Early Warning Signs – Curriculum Guide for Biology, Environmental Science, 

Geography, Earth Science, and others focusing on the society-environment interface [PDF]. 

Union of Concerned Scientists, 2000. [mynasadata.larc.nasa.gov/docs/climate_change_guide.pdf] 

• Global Warming’s Terrifying New Math by Bill McKibben. Rolling Stone, July 2012. 

[www.rollingstone.com/politics/news/global-warmings-terrifying-new-math-20120719] and  

Global Warming’s Terrifying New Chemistry, by Bill McKibben. The Nation, April 2016. 

[www.thenation.com/article/global-warming-terrifying-new-chemistry/] 

• Ice Sheets and Sea Level Rise [PDF]. NASA, 1999. (Curriculum document, good source for cal-

culation methods, but volume of ice sheets may not be up to date.) [pumas.nasa.gov/files/02_10_97_1.pdf] 

• The Mystery of the Three Scary Numbers [PDF], by Bill Bigelow (excerpt from A People’s Cur-
riculum for the Earth] Rethinking Schools, 2014.)  

[www.rethinkingschools.org/static/publication/apce/Mystery-of-Three-Scary-Numbers.pdf] 

• Solar FAQs [PDF]. by Jeff Tsao, et al. Global-scale energy and GHG projections by U.S. Depart-

ment of Energy, California Institute of Technology, and Argonne National Laboratory, 2005. 

Some estimates and cost assumptions are out of date, but this is still a good resource for under-

standing long-term projections. [www.sandia.gov/~jytsao/Solar%20FAQs.pdf] 

• Stories from the Field: Examples of Integrated Environmental and Sustainability Education. 

Washington State Department of Education, 2014. 30+ activity descriptions from K-12 teachers. 

[www.k12.wa.us/EnvironmentSustainability/Curriculum/Examples.aspx] 

• Three Scary Numbers [3-min. video]. Bill McKibben. [www.youtube.com/watch?v=5KtGg-Lvxso] 

Also see Resources that apply to many subject areas and Readings for students.

http://www.eeb.cornell.edu/howarth/publications/Howarth_2014_ESE_methane_emissions.pdf
https://www.grc.nasa.gov/www/k-12/Numbers/Math/Mathematical_Thinking/sun12.htm
http://flowcharts.llnl.gov/commodities/carbon
http://climatehotmap.org
https://climate.dot.gov/about/overview/climate_tipping_points.html
http://www.billmckibben.com/eaarth/eaarthbook.html
http://flowcharts.llnl.gov/content/assets/docs/2015_United-States_Energy.pdf
http://www.ucsusa.org/our-work/global-warming/science-and-impacts/global-warming-science#.WFb4R0TMyRs
https://mynasadata.larc.nasa.gov/docs/climate_change_guide.pdf
https://www.thenation.com/article/global-warming-terrifying-new-chemistry/
http://pumas.nasa.gov/files/02_10_97_1.pdf
http://www.rethinkingschools.org/static/publication/apce/Mystery-of-Three-Scary-Numbers.pdf
http://www.sandia.gov/~jytsao/Solar%20FAQs.pdf
http://www.k12.wa.us/EnvironmentSustainability/Curriculum/Examples.aspx
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Family & Consumer Science | Home Economics

Global warming, climate change, and environmental degradation have created the need to do many 

things related to shopping for and managing a home in new ways. How many of these essential 

skills are being taught? How many young people realize that actions to reduce global warming can 

also save money?

Following are a few sample areas as a starting point for exploration that illustrate skills now need-

ed to make financial, home management, and relationship decisions as an adult, spouse, and par-

ent. Would these work in your courses?

• What can you do to reduce GHG emissions from your home and activities? 

 ￮ How can we better utilize public transportation instead cars? 

 ￮ How does energy impact your budget? 

 ￮ What part does energy play in global warming and the climate crisis?

 ￮ What can you to reduce use of fossil fuels? (1° change in thermostat=3% lower heat bill) 

 ￮ How can you reduce electricity?  

(Examples: turn off lights when not needed; use LED or CFL lamps)

 ￮ What can you do to make your meals more sustainable? 

• How can we avoid buying products that contribute to global warming and climate change 

or harm the environment, health, or workers? 

 ￮ How can we research these things? 

 ￮ What are the alternatives?

• How can we avoid buying products that contribute to global warming and climate change 

or harm the environment, health, or workers? What are the alternatives?

 ￮ How can we research these things? 

Science and technical information have become increasingly important, especially in understanding 

phenomena such as global warming, and much of that information uses the metric system. (And 

many products in the U.S. are already being sold in metric units.) Students whose classes include 

studying the metric system may have an advantage, and Family & Consumer Science is one of the 

subject areas where teaching the metric system makes sense. You might want to discuss why most 

people throughout the world use the metric system, and follow up with some quick exercises, such 

as the following sample activities. 

• Translate an existing recipe to metric units and then follow the recipe. 

• Follow a recipe that uses only metric units for weight, volume, and temperature. 

Big Ideas

• Including environmental costs makes decision-making more complex, but adds an import-

ant dimension for responsible members of society. 

• Many everyday decisions impact carbon footprint and global warming—decisions about 

what food, cleaning products, and clothing to buy, as well as decisions about transporta-

tion, heating, and lighting. 

Additional resources for Family & Consumer Science (next page) 
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Additional resources for Family & Consumer Science 
• Carbon Footprint Calculator (free). Carbon Footprint. [www.carbonfootprint.com/calculator.aspx] 

• Metric Chocolate Chip Cookies. National Institute of Standards & Technology website.  

[www.nist.gov/pml/weights-and-measures/metric-chocolate-chip-cookies] 

• Metric Recipes and Recipe Conversion. The Metric Kitchen website. [www.jsward.com/cooking/] 

• Sustainable Consumption Through an Environmental Lens: Challenges and Opportunities for 

Home Economics, by S. Lorek & S Wahlen. In Creating Home Economics Futures – The Next 100 
Years. Australia Academic Press, 2013. [www.academia.edu/1885178/Sustainable_Consumption_Through_an_
Environmental_Lens_Challenges_and_Opportunities_for_Home_Economics] 

Also see Resources that apply to many subject areas and Readings for students.

‘The battle to prevent global warming has been lost. Now the race 
to survive it has begun.... How bad things will get will depend on 
how much greenhouse emissions are cut, and how quickly.’

—Mark Hertzgaard, journalist and author of Earth Odyssey and The 
Eagle’s Shadow

This guide comes with a free School GHG Calculator and is also being made available online at 
teachclimate.wordpress.com.  Questions or suggestions? Contact teach-climate@sustainlv.org.

http://www.carbonfootprint.com/calculator.aspx
http://www.nist.gov/pml/weights-and-measures/metric-chocolate-chip-cookies
http://www.jsward.com/cooking/
https://www.academia.edu/1885178/Sustainable_Consumption_Through_an_Environmental_Lens_Challenges_and_Opportunities_for_Home_Economics
https://www.academia.edu/1885178/Sustainable_Consumption_Through_an_Environmental_Lens_Challenges_and_Opportunities_for_Home_Economics
http://teachclimate.wordpress.com
mailto:teachclimate%40sustainlv.org?subject=
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Government 

(Also see History, Social Studies) 

The many global challenges we face, including those related to global warming, fossil fuel use, and 

the environmental degradation, raise questions about the role of government, the rights of commu-

nities to decide how to protect their access to clean air and water, whether we have true democracy, 

and even if nature itself has rights. 

Here are some sample questions for government courses that might help address these matters. 

Would these work in your classroom?

• Do governments deal effectively with things that threaten the environment, health, and 

sustainability? 

• What international agreements on climate and air quality have been made in the past? 

How successful/unsuccessful have they been? (agreement at COP21, Kyoto Protocol, Mon-

treal Protocol) 

• Over 25 years ago, the Montreal Protocol was adopted to reduce damage to the ozone lay-

er caused by chlorine compounds and other chemical emissions (including older coolants). 

 ￮ Has the Montreal Protocol been successful in protecting the ozone layer? 

Note: In October 2016, the Montreal Protocol was amended to cover hydrofluorocarbon 
[HFC] refrigerants, which have a very high global warming potential.

• In 1997, countries around the world adopted the Kyoto Protocol to reduce emissions of 

greenhouse gas emissions (GHG) and protect the climate. 

 ￮ Has the Kyoto Protocol been successful in producing major reductions in GHG emis-

sions? (Why or why not?)

 ￮ A total of 192 nations signed this global climate treaty; the only nations that have not 

signed are Afghanistan, Sudan, and the United States. Why did these nations refuse 

to participate? 

• Do you think the climate agreement drawn up in 2015 at COP21 in Paris will be success-

ful in reaching its goal of keeping global warming less than 2°C? Why or why not?

• What are some examples of successful government action to reduce harm to the environ-

ment or human health? (Montreal Protocol)

• Why do government regulators approve so many products, processes, and projects that 

cause real harm to human health and/or the environment (including global warming)? 

• What is the “community rights” movement and what is the meaning of its efforts to enact 

laws to protect community bill of rights and rights of nature?

Environmental protests are accused of interfering with property rights, while police actions to end 

demonstrations often include violating people’s human rights and civil rights. 

Examples: (1) Companies have been allowed to remove coal from mountains of West Virginia by 

a method known as ‘mountaintop removal’ (MTR), but waste from demolition and mining of the 

mountaintop has polluted waterways and threatens homes and schools with serious health risks.

• Does government have a responsibility to protect property rights of fossil-fuel companies? 

• Does government have a responsibility to protect the environmental and health rights of 

people and communities? 
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Another recent example is even more convoluted: the company building the Dakota Access Pipeline 

claims title to land that was given to the Standing Rock Sioux by treaty. As is often the case, pro-

tests are suppressed by local law enforcement. 

• How do state and local government policy apply to the Standing Rock conflict? 

• What is the legal force of a treaty ceding that land to the Standing Rock Sioux?

Big Ideas

• Government has many responsibilities that are sometimes in conflict with each other.

• People are making demands that challenge the legitimacy and effectiveness of govern-

mental decision-making processes, and their ability to protect people, the environment, 

and the future. 

Additional Resources for Government    (continued on next page)

• Global Warming’s Terrifying New Math by Bill McKibben. Rolling Stone, July 2012. 

[www.rollingstone.com/politics/news/global-warmings-terrifying-new-math-20120719] 

• Global Warming’s Terrifying New Chemistry, by Bill McKibben. The Nation, April 2016. 

[www.thenation.com/article/global-warming-terrifying-new-chemistry/] 

• League of the Iroquois. Milwaukee Public Museum / Indian Country [www.mpm.edu/wirp/ICW-155.html] 

• The Six Nations: Oldest Living Participatory Democracy on Earth.  

[https://ratical.org/many_worlds/6Nations] 

Also see Resources that apply to many subject areas and Readings for students.

Would you like to share, discuss, and develop ideas about ways to integrate global warming and GHG 
emissions in school? We are setting up an online forum where interested teachers can share ideas. 

Contact teach-climate@sustainlv.org if you’d like to participate or if you have an idea to share.

https://www.thenation.com/article/global-warming-terrifying-new-chemistry/
https://www.mpm.edu/wirp/ICW-155.html
https://ratical.org/many_worlds/6Nations/


 53

Interdisciplinary Teaching on Climate and Sustainability – Measuring your school’s greenhouse gas emissions

History

(Also see Government, Social Studies)

The historical record documents the social, economic, political, and ideological contexts and causes 

of our planet’s climate, fossil fuel, and sustainability crises. History classes provide many opportu-

nities to explore and raise awareness of our ecological problems as well as suggesting alternatives 

that can help us avoid repeating past mistakes. 

Following are samples of some specific areas where an exploration of climate change is a natural 
fit. Which of these would work in your classroom?

• What are some of the key dates and contexts that led to the human use of fossil fuels?  

(Discovery of coal, petroleum, natural gas; awareness of greenhouse implications, …)

 ￮ How did what was going on in the world at the time affect how they came about?

• What are some key events in connection with climate action?

 ￮ What is the Kyoto Protocol, how did it come to the attention of the international 

community, and when was it adopted?  

How many nations have signed this global climate treaty?  

Which nations have not signed? (Afghanistan, Sudan, and the United States)

 ￮ How does implementation success for Kyoto compare to the 1987 Montreal Protocol 
(often named as a ‘successful’ international treaty initiative)?

 ￮ What was the historic outcome of the negotiations at COP21 in Paris? 

 ￮ How has climate action evolved over the last 25 years in the US? 

• What are some of the key events and contexts in the development of the various forms of 

renewable Energy? (hydro-electric, solar heating, solar photovoltaic panels, tidal genera-

tion, large-scale wind turbines)

• What are some of the key events and contexts in the development of nuclear power?  

When did the first nuclear power plant go into service? 

How long did it take (from planning to operation)?

• When did major oil companies learn that burning fossil fuels causes global warming?

• What do we know about how and when the idea of providing for the needs of future gen-

erations first adopted as an essential element of planning? (Iroquois or Haudenosaunee 
confederacy, also known as League of the Iroquois)

 ￮ What do we know about the history of the Iroquois confederacy?

 ￮ What is the history of social movements challenging the use of fossil fuels, extractive 

industries, and threats to environments and to the global climate? 

Big Ideas

• History provides information and insight about the contexts and causes of our planet’s cli-

mate and sustainability concerns.

• History provides information and insight about social movements that call attention to 

these concerns.

Additional Resources for History  (continued on next page) 
• The Energy Story: Fossil Fuels. Energy Quest. [www.energyquest.ca.gov/story/chapter08.html] 

• Last Standing Woman, by Winona LaDuke. This novel, based on historical records, traces seven 

generations on the White Earth (anishinaabe) reservation in Minnesota.  
[www.honortheearthmerchandise.com/honorartists/last-standing-woman-history-heritage-1] 

http://www.energyquest.ca.gov/story/chapter08.html
http://www.honortheearthmerchandise.com/honorartists/last-standing-woman-history-heritage-1
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• League of the Iroquois. Milwaukee Public Museum / Indian Country [www.mpm.edu/wirp/ICW-155.html] 

• A People’s History of the United States, 1492–Present, by Howard Zinn. Harper & Rowe, 

1980, updated editions every few years. (Also available from Zinn Education Project.) 

[zinnedproject.org/materials/a-peoples-history-of-the-united-states] 

• Reading Like a Historian. Stanford University, History Education Group website. 

[sheg.stanford.edu/rlh] 

• Renewable Energy: All You Need to Know. Environmental Science website.  

[www.environmentalscience.org/renewable-energy] 

• A Short History of Energy. Union of Concerned Scientists.  

[www.ucsusa.org/clean_energy/our-energy-choices/a-short-history-of-energy.html] 

• The Six Nations: Oldest Living Participatory Democracy on Earth. [ratical.org/many_worlds/6Nations] 

Also see Resources that apply to many subject areas and Readings for students.

“…corporations have been enthroned and an era of 
corruption in high places will follow, and the money power 
of the country will endeavor to prolong its reign by working 
on the prejudices of the people until all wealth is aggregated 
in a few hands, and the Republic is destroyed. I feel at this 
moment more anxiety for the safety of my country than 
ever before, even in the midst of war.”

—Abraham Lincoln in a letter to William F. Elkins, Nov 21, 1864

Would you like to share, discuss, and develop ideas about ways to integrate global warming and GHG 
emissions in school? We are setting up an online forum where interested teachers can share ideas. 

Contact teach-climate@sustainlv.org if you’d like to participate or if you have an idea to share.

https://www.mpm.edu/wirp/ICW-155.html
https://zinnedproject.org/materials/a-peoples-history-of-the-united-states/
https://zinnedproject.org/materials/a-peoples-history-of-the-united-states/
https://sheg.stanford.edu/rlh
http://www.environmentalscience.org/renewable-energy
http://www.ucsusa.org/clean_energy/our-energy-choices/a-short-history-of-energy.html#.WE0uRbHMyRs
https://ratical.org/many_worlds/6Nations/
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Mathematics

Math is central to many processes in economics, physics, the sciences, and engineering. The com-

plex issues of global warming and climate change are natural and currently-relevant for algebra, 

arithmetic, calculus, geometry, trigonometry, and statistics, and many problems lend themselves to 

more than one approach. For example, when measuring greenhouse gas emissions [GHG], we often 

need to convert units from one system to another; depending on your students’ ability level, they 

can do this using multiplication by conversion factors, ratios, or algebraic equations.

Which of the following sample questions could you use in your classroom to help initiate or add 

depth to discussions about global warming, climate change, and your school’s GHG emissions?

• How can we calculate the volume of ice in the Greenland & Antarctic ice sheets? 

 ￮ What volume of water will be released if those ice sheets melt?

 ￮ Can we calculate how much that will affect sea level? 

• Concentrations of GHG in the atmosphere are often expressed in parts per million (ppm) 

— currently over 400 ppm. How else could we express the same information?

• Why do some measurements use English units such as pounds or feet, while others use 

metric system units such as kilograms (kg) or kilometers (km) or megawatt (MW)?

 ￮ 20°Celsius (68° Fahrenheit) is often recommended as a thermostat setting for heat-

ing systems—how do we convert 20°C to the equivalent on the Fahrenheit scale?

 ￮ Set up an equation to find the temperature(s) at which °C = °F.

 ￮ In a classroom or office, how much electrical power do the lights use per year? (As-

sume each T8 4-foot fluorescent tube draws 36 Watts and is on 8 hours/day for 250 
days/year.) 

 – Do we need all the lights? (Can we turn off lights near the windows on bright days 

or reduce the number of hours the lights are on?) 

 – How much can we reduce emissions and costs if we can shorten the time by 1 hour 

every day and turn off half the lights on 3 days out of 5? 

 – Suppose it costs $500 to rewire the lights to make it easier to switch off some of 

them. How long will it take to recover this cost through reduced electric bills?

• When we think of measurement, we often think of quantitative measurements expressed 

as numbers (cardinal measurements). What other very important types of measurement 

are used? (qualitative, nominal, ordinal, interval, and ratio)

• How can we calculate the impact on GHG emissions from our use of energy for heat, 

lighting, and transportation? 

• If we spend money to generate ongoing savings, how can we calculate how long it takes to 

recover the investment? 

 ￮ If you replace an incandescent lamp with an LED lamp, how long will it take for the 

savings in electricity to repay the cost of the new lamp? (Assume the LED bulb costs 

$10, uses 85% less electricity, and electricity costs 10¢ / kWh.)

 ￮ How does this compare to the payback period if it’s replaced with a compact fluores-

cent (CFL) that costs $2 and uses 70% less electricity than incandescent? 

• How do we calculate ‘return on investment’ and ‘payback period’? What is the mathemati-

cal relationship between them?

In many cases, estimates and approximations provide a more useful answer than a precise mea-

surement. For example, someone’s average speed on a bicycle 15–20 kilometers per hour [10–12 
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mph], but his or her actual speed is affected by hills, traffic, and other factors. Unless we know all 
those conditions, we can’t calculate exactly how long it will take to ride 20 km—but we can easily 

estimate a time between 1 and 1 ½ hours.

Big Ideas

• Math can help students understand many processes in economics, physics, the sciences, 

and engineering, including those relevant for understanding global warming, climate 

change, and sustainability.

• The various branches of math can be applied to model relationships, define the relation-

ships between variables, or measure individual variables.

Additional Resources for Mathematics
• Current state of the polar ice caps [nsidc.org/arcticseaicenews] 

• Education Resources on the Metric System (SI). National Institute of Standards & Technology 

website. [www.nist.gov/pml/weights-and-measures/education-resources-metric-system-si] 

• Emission Factors for GHG Inventories [PDF], Environmental Protection Agency [EPA]  

[www.epa.gov/sites/production/files/2015-11/documents/emission-factors_nov_2015.pdf] 

• Every Day With Metric. National Institute of Standards & Technology website. 

[www.nist.gov/pml/weights-and-measures/metric-si/everyday-metric] 

• Global Warming’s Terrifying New Math by Bill McKibben. Rolling Stone, July 2012. 

[www.rollingstone.com/politics/news/global-warmings-terrifying-new-math-20120719] 

• Global Warming’s Terrifying New Chemistry, by Bill McKibben. The Nation, April 2016. 

[www.thenation.com/article/global-warming-terrifying-new-chemistry] 

• Ice Sheets and Sea Level Rise [PDF]. NASA, 1999. (Curriculum document, good source for cal-

culation methods, but volume of ice sheets may not be up to date.) [pumas.nasa.gov/files/02_10_97_1.pdf] 

• Math Is Fun – Metric System of Measurement – Math is Fun website. 

[www.mathsisfun.com/measure/metric-system.html] 

• [Metric System] SI Teacher Kits for Educators. National Institute of Standards & Technology 

website. [www.nist.gov/pml/weights-and-measures/si-teacher-kits-available-educators] 

• The Metric System, the U.S.A., and Scientific Literacy. Public Library of Science website. 

[blogs.plos.org/scied/2013/01/28/the-metric-system-united-states-of-america-and-scientific-literacy/] 

• Planetary boundaries (great visual, TED talk) Stockholm Resilience Center. 

[www.stockholmresilience.org/research/planetary-boundaries.html] 

• Rainforest destruction Rainforest Concern website.  

[www.rainforestconcern.org/rainforest_facts/why_are_they_being_destroyed] 

• Exploring Climate Change, Space Math at NASA website. National Aeronautical and Space Ad-

ministration [NASA]. [spacemath.gsfc.nasa.gov/Warming.html] 

• Sustainability Math website. Tom Pfaff – ‘a resource for teachers interested in sustainability 

curriculum for their mathematics courses’. [www.sustainabilitymath.org] 

Also see Resources that apply to many subject areas and Readings for students.

Would you like to share, discuss, and develop ideas about ways to integrate global warming and GHG 
emissions in school? We are setting up an online forum where interested teachers can share ideas. 

Contact teach-climate@sustainlv.org if you’d like to participate or if you have an idea to share.

http://nsidc.org/arcticseaicenews/
https://www.nist.gov/pml/weights-and-measures/education-resources-metric-system-si
https://www.epa.gov/sites/production/files/2015-11/documents/emission-factors_nov_2015.pdf
mailto:www.nist.gov/pml/weights-and-measures/metric-si/everyday-metric?subject=
https://www.thenation.com/article/global-warming-terrifying-new-chemistry/
http://pumas.nasa.gov/files/02_10_97_1.pdf
http://www.mathsisfun.com/measure/metric-system.html
https://www.nist.gov/pml/weights-and-measures/si-teacher-kits-available-educators
http://blogs.plos.org/scied/2013/01/28/the-metric-system-united-states-of-america-and-scientific-literacy/
http://www.stockholmresilience.org/research/planetary-boundaries.html
http://www.rainforestconcern.org/rainforest_facts/why_are_they_being_destroyed/
https://spacemath.gsfc.nasa.gov/Warming.html
http://www.sustainabilitymath.org
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Music

(Also see Art)

Music provides ways for composers, performers, and audiences to respond emotionally to global 

change and environmental destruction and to the beauty and wonder of natural and cultural sys-

tems. The lyrics, stories, and magic of songs, musical theater, film musicals, and operas, and the 
expressiveness of music can become very explicit in addressing both the stresses and the wonder. 

Music can express emotions, emotions can drive people, and people can drive change. 

Following are a few sample areas. Would these help initiate or deepen discussion in your classes?

How has music been used to elicit or express emotional reactions to the stresses and the wonder in 

social, political, and environmental arenas? (Benjamin Britten’s “War Requiem”, Olivier Messiaen’s 

“Quartet for the End of Time”, Claude Debussy’s “La Mer”, John Adams’ “Nixon in China”, Sergei 

Prokofiev’s “Peter and the Wolf”, various works by Dmitri Shostakovich

• How has music been used to elicit or express emotional reactions to the stresses and won-

der in social, political, and environmental arenas?  

(Benjamin Britten’s “War Requiem”, Olivier Messiaen’s “Quartet for the End of Time”, 

Claude Debussy’s “La Mer”, John Adams’ “Nixon in China”, Sergei Prokofiev’s “Peter and 
the Wolf”, various works by Dmitri Shostakovich)

• Is music affected by the cultural and other conditions? 

The Grove Dictionary of American Music (Oxford University Press, 2014) defines “ecomu-
sicology” (or “ecocritical musicology”) as: ‘… the study of music, culture, and nature in all 

the complexities of those terms. Ecomusicology considers musical and sonic issues, both 

textual and performative, related to ecology and the natural environment.’

• Music has a long history in connection with activism. There were the songs of Woody 

Guthrie in the 1930s and of the civil rights movement in the 1960s. Here are two quotes 

from folk singer and activist Pete Seeger:

“A good song reminds us what we’re fighting for.”

“Songs are funny things. They can slip across borders. Proliferate in prisons. Pene-
trate hard shells. I always believed that the right song at the right moment could 
change history.”

• Will global warming, climate change, and extreme weather affect how musical instru-

ments are made and played? 

• Can music, like other arts, open new ways of thinking about things, help us find solu-

tions?

While researching this area, we came across a new study on the use of music to represent scientific 
data; special software transforms the data into melodies that enhance people’s recognition of pat-

terns. (Study listed in resource section below.)

Big Ideas

• Music provides ways to respond emotionally to global change and environmental destruc-

tion—and to the beauty and wonder of threatened natural and cultural systems

• The emotions evoked by music can be powerful inducements to efforts for change
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• Art, music, and drama are powerful ways to see things from new perspectives as well as 

ways to raise people’s awareness. 

Additional Resources for Music

• Climate Change and Emotions –How We Feel Matters More Than What We Know. Big 

Think website.  

 [bigthink.com/risk-reason-and-reality/climate-change-and-emotions-how-we-feel-matters-more-than-what-we-know] 

• EcoMusicology website. [www.ecomusicology.info] 

• Melody discrimination and protein fold classification, by Robert P. Bywater & Jonathan N. Mid-

dleton. Heliyon open access journal, October 2016. [www.heliyon.com/article/e00175] 

Also see Resources that apply to many subject areas and Readings for students.

“We’ve played havoc with the destiny of the world, 
Somewhere we must make it clear that we are 
concerned about the survival of the world.”

—Rev. Martin Luther King, Jr.

Would you like to share, discuss, and develop ideas about ways to integrate global warming and GHG 
emissions in school? We are setting up an online forum where interested teachers can share ideas. 

Contact teach-climate@sustainlv.org if you’d like to participate or if you have an idea to share.

http://bigthink.com/risk-reason-and-reality/climate-change-and-emotions-how-we-feel-matters-more-than-what-we-know
http://www.ecomusicology.info
http://www.heliyon.com/article/e00175
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Physics

The many areas of study in physics can help develop students’ understanding of the complexities of 

global warming, climate change, energy systems, and sustainability. Electricity, magnetism, light, 

thermodynamics, matter and energy, nuclear energy, motion, properties of matter—to name a few—

can all contribute to greater understanding.

And problems involving global warming and climate change can help students understand conser-

vation of energy, entropy, phase changes in matter, power and energy efficiency, as well as provide 
them with contexts for understanding the importance of using the right units of measure.

Following are a few sample areas as a starting point for exploration. Would these work in your 

classroom?

• What happens to the solar radiation that enters our atmosphere? 

 ￮ How is sunlight transformed into heat? How do greenhouse gases in our atmosphere 

trap the heat?  

Note: The most common greenhouse gases are: CO2, CH4, O3, NO2, and water vapor.

 ￮ Do changes in the area covered by ice or snow affect global warming?—and how does 

that affect the area covered? What is albedo? What is a feedback loop? 

• What is the volume of ice in the Greenland & Antarctic ice sheets? 

 ￮ How much energy will it take to change that volume of ice at 0°C into water at 0°C? 

(What is an appropriate unit for looking at such large quantities of thermal energy?) 

 ￮ When ice melts, is the volume of water the same as the volume of ice?

 ￮ If those ice sheets melt, how much will it raise sea level? (Why do we consider only 

land ice when looking at global warming’s potential impact on sea level?) 

• Coal is the most abundant fossil fuel on Earth, and has the highest carbon Content. The 

vast majority of coal burned in the United States is used for electricity. 

 ￮ What percentage of the fuel’s actual energy content is converted to electricity?  

(The average coal fired power plant is only about 35% efficient.)

 ￮ What happens to the rest of the original energy? 

• Another common use of fossil fuels is for motor vehicles. What percentage of the fuel’s ac-

tual energy actually moves the vehicle? (average is 20%–30%) What happens to the rest 

of the fuel’s energy?

• What energy transformations occur in the production of electricity in: hydroelectric sys-

tems, nuclear energy plants, photovoltaic systems, geothermal systems?

• Why does the angle (tilt) of the Earth’s axis affect the seasons?  

(same amount of energy spread over a larger area, may also be reduced by passing great-

er distance through atmosphere)

• How is heat generated by solar cookers? By microwave ovens? By nuclear power plants? 

• Unintended consequences – What are the effects on people and other living things ex-

posed to the energy fields around and the radiation emitted by high voltage power lines, 
microwave ovens, nuclear reactors, have? 

Big Ideas        (continued on next page) 

• Many of the key concepts in physics can be used to help people understand global warm-

ing, climate change, energy systems, and sustainability
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• Study of global warming, climate change, and energy systems can help students under-

stand physics concepts and develop a feel for the units of measure and their importance.

Additional Resources for Physics  
• Carbon Flows diagram 2014. Lawrence Livermore National Laboratory, 2016. Sankey chart 

showing sources, carbon flows & processes, and destinations. [flowcharts.llnl.gov/commodities/carbon] 

• Energy Flows diagram 2015. Lawrence Livermore National Laboratory, 2016. San-

key chart showing sources, energy flows & processes, and destinations/uses.
[flowcharts.llnl.gov/content/assets/docs/2015_United-States_Energy.pdf] 

• Global Warming’s Terrifying New Math by Bill McKibben. Rolling Stone, July 2012. 

[www.rollingstone.com/politics/news/global-warmings-terrifying-new-math-20120719] 

• Global Warming’s Terrifying New Chemistry, by Bill McKibben. The Nation, April 2016. 

[www.thenation.com/article/global-warming-terrifying-new-chemistry] 

• Ice Sheets and Sea Level Rise [PDF]. NASA, 1999. (Curriculum document, good source for cal-

culation methods, but volume of ice sheets may not be up to date.) [pumas.nasa.gov/files/02_10_97_1.pdf] 

• Solar FAQs [PDF]. by Jeff Tsao, et al. Global-scale energy and GHG projections by U.S. Depart-

ment of Energy, California Institute of Technology, and Argonne National Laboratory, 2005. 

Some estimates and cost assumptions are out of date, but this is still an important resource 

for understanding long-term energy and carbon/GHG projections. [www.sandia.gov/~jytsao/Solar%20
FAQs.pdf] 

Also see Resources that apply to many subject areas and Readings for students.

“ Artists and scientists are dedicated to asking the big questions:  
‘What is true?’ ‘Why does it matter?’ ‘How can we move society 
forward?’ The scientist’s laboratory and the artist’s studio are 
two of the last places reserved for open-ended inquiry.”

—John Maeda, President, Rhode Island School of Design

Would you like to share, discuss, and develop ideas about ways to integrate global warming and GHG 
emissions in school? We are setting up an online forum where interested teachers can share ideas. 

Contact teach-climate@sustainlv.org if you’d like to participate or if you have an idea to share.

http://flowcharts.llnl.gov/commodities/carbon
http://flowcharts.llnl.gov/content/assets/docs/2015_United-States_Energy.pdf
https://www.thenation.com/article/global-warming-terrifying-new-chemistry/
http://pumas.nasa.gov/files/02_10_97_1.pdf
http://www.sandia.gov/~jytsao/Solar%20FAQs.pdf
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Social Studies

(Also See Economics, Government, and History.) 

Social Studies can help students consider global warming and the impact of GHG emissions with a 

focus on the cultural, economic, and political influences on our thinking, decisions, and actions. 

Would questions such as the following help initiate or deepen discussion in your classroom?

• The collapse of some ancient civilizations has been attributed to practices that conflicted 
with their ecological setting. (For example, the demise of the civilizations of the Fertile 

Crescent due, in part, to agriculture.) What lessons do the past have for us as we consider 

current practices in relation to global warming?

• How do governmental agencies and corporate boardrooms address global warming and 

other environmental concerns? 

• How can we participate more effectively in shaping government policies and decisions on 

environmental concerns and sustainable practices?

• How well does the mainstream or commercial media do in providing meaningful coverage 

of global warming and climate change? 

 ￮ How does the extent and depth of media coverage on climate compare to coverage on 

entertainment and sports?

• What is the meaning and use of labels such as Tree-Hugger, Climate Denier, Social Jus-

tice, Inconvenient Truth, Conservative, Liberal, and People Power? 

• If the sea level rises by just 1 meter, how many people will be displaced in the U.S.? How 

many will be displaced in SouthEast Asia and the Pacific Islands. 

• What will be the impacts if the sea-level rise is 10 meters, as some current projections in-

dicate is possible?

Big Ideas

• Practices that have short-term economic value but are not ecologically sustainable, may 

lead ultimately to collapse of complex societies like our own.

• An informed citizenry may be needed to move government and corporate policies and de-

cisions towards sustainability, perhaps generating alternative approaches.

Additional resources for Social Studies    (continued on next page)

• Citizen Climate Curriculum for Grades 9-12. Climate Generation website. Emphasizes civic en-

gagement and understanding the critical and complex climate solutions being discussed on the 

national and international stage, including equity in climate change international negotiations.  

[www.climategen.org/what-we-do/education/climate-change-and-energy-curricula/curriculum-guides/citizen-climate-curriculum-for-grades-9-12] 

• Climate Adaptation – State of Practice in U.S. Communities. Kresge Foundation, November 

2016. [www.kresge.org/sites/default/files/library/climate-adaptation-the-state-of-practice-in-us-communities-full-report.pdf] 

• Climate Change and Your Community. Two short video clips from PBS.  

[www.pbs.org/newshour/extra/lessons_plans/climate-change-and-your-community/] 

• Climate Change Education. Stanford University, School of Earth, Energy, & Environmental Sci-

ences website. Curriculum for middle school and high school.  

[pangea.stanford.edu/programs/outreach/climatechange/curriculum] 

• Climate Change Lesson plans for Educators. US Environmental Protection Agency [EPA]. Les-

sons & activities tied to learning goals. [www3.epa.gov/climatechange/kids/resources/lesson-plans.html] 

• Cross-Curricular Math, English, and Science Lesson. Open Educational Resources website.  

[www.oercommons.org/authoring/7876-climate-change-cross-curricular-math-english-scien] 

http://www.climategen.org/what-we-do/education/climate-change-and-energy-curricula/curriculum-guides/citizen-climate-curriculum-for-grades-9-12
http://www.kresge.org/sites/default/files/library/climate-adaptation-the-state-of-practice-in-us-communities-full-report.pdf
http://www.pbs.org/newshour/extra/lessons_plans/climate-change-and-your-community/
https://pangea.stanford.edu/programs/outreach/climatechange/curriculum
http://www3.epa.gov/climatechange/kids/resources/lesson-plans.html
https://www.oercommons.org/authoring/7876-climate-change-cross-curricular-math-english-scien
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• Global Warming: Natural & Man-made Causes, Conservation & Debate. Social Studies for Kids 

website. [www.socialstudiesforkids.com/articles/geography/globalwarming1.htm] 

• Global Warming’s Terrifying New Math by Bill McKibben. Rolling Stone, July 2012. 

[www.rollingstone.com/politics/news/global-warmings-terrifying-new-math-20120719] 

• Global Warming’s Terrifying New Chemistry, by Bill McKibben. The Nation, April 2016. 

[www.thenation.com/article/global-warming-terrifying-new-chemistry] 

• How to Teach High-School Students to Spot Fake News. Slate.com, December 2016.  
[www.slate.com/articles/technology/future_tense/2016/12/media_literacy_courses_help_high_school_students_spot_fake_news.html] 

• Let’s Talk About Climate Change. Climate Change Live website. Educator’s Toolkit, lesson 

plans, common misconceptions, [climatechangelive.org] 

• Making room for climate change in social studies education. Climate Generation website. Using 

climate change and the COP process to support the C3 framework for social studies.  

 [www.climategen.org/blog/social-climate-change-studies-making-room-for-climate-change-in-social-studies-education] 

Also see Resources that apply to many subject areas and Readings for students.

“It’s time to have a new conversation about population and 
the environment—grounded in science and guided by values 
of human rights, equity, and social justice.…”

   —‘Social Justice Can Support Sustainability’, Science Progress, 2009 

Would you like to share, discuss, and develop ideas about ways to integrate global warming and GHG 
emissions in school? We are setting up an online forum where interested teachers can share ideas. 

Contact teach-climate@sustainlv.org if you’d like to participate or if you have an idea to share.

http://www.socialstudiesforkids.com/articles/geography/globalwarming1.htm
https://www.thenation.com/article/global-warming-terrifying-new-chemistry/
http://www.slate.com/articles/technology/future_tense/2016/12/media_literacy_courses_help_high_school_students_spot_fake_news.html
http://climatechangelive.org
http://www.climategen.org/blog/social-climate-change-studies-making-room-for-climate-change-in-social-studies-education
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Writing 

(Also see Art, Communication and Journalism, and English | Language Arts)

Writing, in its many forms, can serve to advance consideration of global warming, climate change, 

and related sustainability matters. And these climate and sustainability concerns can provide mat-

ters of substance to write about. 

Writing can be used to describe, explain, raise consciousness, express opinions, persuade, an-

nounce, or be calls to action and can take the form of poems, short stories, novels, scripts, essays, 

media releases, technical reports, fliers, proposals? Would any of the sample questions or activities 
below help initiate or deepen discussion in your class? 

Creative writing provides many opportunities related to global warming and climate change.

• Read stories about nature and climate change.  

(See English | Language Arts on page 45 for a list of examples.)

• What will the world will be like if global warming continues?  

(Will there still be trees? How will food be grown? Will water be available for all?)

• How can we imagine and show possible futures? 

 ￮ A world without electricity? 

 ￮ A world where it is much hotter or drier or wetter?

 ￮ A world where sea level is 10 meters (about 33 feet) higher than it is now? 

• Write a story, poem, or essay about a future under global warming

• Write short stories that feature a changing or changed climate

• Visualize and write a fictional ‘technical report’ about conditions in some possible future. 
(For example: What might the world be like in 50 years?) 

• Write a poem where nature plays an important role, including some element that will 

change with global warming. (Haiku may be especially good for writing about environ-

mental concerns.) 

Opinion – Global warming and climate change are excellent opportunities for writing opinion pieces 

to persuade, gain support, and/or involve others.

• Essay about the need for international collaboration on climate change

• Flier announcing a (real or imaginary) community event about a local energy matter

• Letter to the editor about local transportation needs or the school’s GHG emissions and 

recommendations for change

Professional and technical writing often requires being able to accurately present technical, eco-

nomic, or scientific information in ways that will facilitate understanding and the decision-making 
process. In some cases, the writer may need to be conversant with technical terms and the metric 

system. 

• What types of information are needed in a proposal? 

• Write a grant proposal to a real or imaginary funding source regarding a real or imagi-

nary project to use renewable energy or reduce GHG emissions. 

• Write a report evaluating an article that discusses global warming, climate change, or 

related sustainability matter. 
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Big Ideas

• As with the other arts, creative writing helps us see things from new perspectives and 

envision new possibilities.

• High-quality technical papers, grant writing, essays, and other non-fiction writing can 
disseminate information, gain support, and involve others.

Additional Resources for Writing
• Climate Change and Your Community. Two short video clips from PBS.  

[www.pbs.org/newshour/extra/lessons_plans/climate-change-and-your-community/] 

• Cross-Curricular Math, English, and Science Lesson. Open Educational Resources website.  

[www.oercommons.org/authoring/7876-climate-change-cross-curricular-math-english-scien] 

• How to Teach High-School Students to Spot Fake News. Slate.com, December 2016. 

[www.slate.com/articles/technology/future_tense/2016/12/media_literacy_courses_help_high_school_students_spot_fake_news.html] 

• Why I must Speak Out About Climate Change, by James Hansen (2012)  

TED talk, runs about 18 minutes 

[www.ted.com/talks/james_hansen_why_i_must_speak_out_about_climate_change] 

• Why Teach About Climate Change in English Language Arts, in Teaching Climate Change to 
Adolescents: Reading, Writing, and Making a Difference by Richard Beach, Jeff Share, and Al-

len Webb. Routledge, Spring 2017. [climatechangeela.pbworks.com/w/page/100551079/FrontPage] 

Also see Readings for students and Resources that apply to many subject areas.

 

Would you like to share, discuss, and develop ideas about ways to integrate global warming and GHG 
emissions in school? We are setting up an online forum where interested teachers can share ideas. 

Contact teach-climate@sustainlv.org if you’d like to participate or if you have an idea to share.

http://www.pbs.org/newshour/extra/lessons_plans/climate-change-and-your-community/
https://www.oercommons.org/authoring/7876-climate-change-cross-curricular-math-english-scien
http://www.slate.com/articles/technology/future_tense/2016/12/media_literacy_courses_help_high_school_students_spot_fake_news.html
https://www.ted.com/talks/james_hansen_why_i_must_speak_out_about_climate_change
http://climatechangeela.pbworks.com/w/page/100551079/FrontPage
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Resources That Apply to Many Subject Areas 

(also see individual subject areas)

Publications and Online Resources

Books & Periodicals
• Eaarth – Making a Life on a Tough New Planet, by Bill McKibben. We’ve created a new 

planet, and it’s not as nice as Earth. [www.billmckibben.com/eaarth/eaarthbook.html] 

• EcoLiterate: How Educators Are Cultivating Emotional, Social, and Ecological Intelligence, by 

Michael K. Stone & Zenobia Barlow. Center for Ecoliteracy, 2012. [www.ecoliteracy.org/book/ecoliterate] 

• IPCC Fifth Assessment Report (consisting of several complementary reports). Intergovern-

mental Panel on Climate Change, 2013 & 2014 [www.ipcc.ch/report/ar5] 

• A People’s Curriculum for the Earth, Bill Bigelow & Tim Swinehart, editors. Rethinking 

Schools, 2014. [www.rethinkingschools.org/proddetails.asp?ID=9780942961577]

• Rethinking Schools – quarterly magazines with teachers describing real classroom experienc-

es, including teaching on climate and climate justice – supports a strong public education system 

and social justice. [www.rethinkingschools.org] 

• Smart by Nature: Schooling for Sustainability, by Michael K. Stone. Center for Ecoliteracy, 

2009.  [www.ecoliteracy.org/book/smart-nature-schooling-sustainability] 

Additional Links & Resources  (continued on next page) 
• Arctic Report Card 2016. National Oceanographic and Atmospheric Administration [NOAA] 

website. [www.arctic.noaa.gov/Report-Card/Report-Card-2016] 

• Center for Climate and Energy Solutions (Formerly the Pew Center on Global Climate Change). 

A highly-rated center for reliable information, policy proposals, and action plans. [www.c2es.org] 

• Climate Adaptation – State of Practice in U.S. Communities. Kresge Foundation, November 

2016. [www.kresge.org/sites/default/files/library/climate-adaptation-the-state-of-practice-in-us-communities-full-report.pdf] 

• Confronting Climate Change in California [PDF]. Union of Concerned Scientists, 2005. 

[www.ucsusa.org/sites/default/files/legacy/assets/documents/global_warming/ca_curriculum_guide_final.pdf] 

• Global Warming. Union of Concerned Scientists website 

[www.ucsusa.org/our-work/global-warming/science-and-impacts/global-warming-science] 

• Global Warming: Early Warning Signs – Curriculum Guide for Biology, Environmental Science, 

Geography, Earth Science, and others focusing on the society-environment interface [PDF]. 

Union of Concerned Scientists, 2000. [mynasadata.larc.nasa.gov/docs/climate_change_guide.pdf] 

• IPCC Fifth Assessment Report (consisting of several complementary reports). Intergovernmental 

Panel on Climate Change, 2013 & 2014 [www.ipcc.ch/report/ar5] 

• PBS Learning Media. Thousands of short clips sorted by grade level and subject, stan-

dards-aligned. [www.pbslearningmedia.org/about/products/teachers/] 

• Science on a Sphere. National Oceanographic & Atmo spheric Administration [NOAA] works 

with local institutions to provide this great way to see historical and real-time information about 

climate, weather, geology, and more! See if there’s a Science on a Sphere location near your 

school. [www.noaa.gov/sosnetwork/members] 

• State of the Climate monthly global, national, and regional updates on atmospheric conditions, 

temperatures, ice and snow, and severe weather. National Oceanographic & Atmo spheric Ad-

ministration [NOAA]. [www.ncdc.noaa.gov/sotc] 

• Sustainable Scotland. Learning for Sustainability Scotland website, University of Edinburgh. 

Developing ideas and programs to promote engagement and learning about sustainability for all 

ages. [learningforsustainabilityscotland.org]  These resources are no longer available at this site.
• Systems Thinking Design Pack [PDF]. Institute of Play website.  

[cdn-educators.brainpop.com/wp-content/uploads/2014/07/IOP_QDesignPack_SystemsThinking_1.0.pdf] 

http://www.billmckibben.com/eaarth/eaarthbook.html
http://www.ecoliteracy.org/book/ecoliterate
http://www.ipcc.ch/report/ar5/
http://www.rethinkingschools.org/proddetails.asp?ID=9780942961577
http://www.rethinkingschools.org/
http://www.ecoliteracy.org/book/smart-nature-schooling-sustainability
http://www.arctic.noaa.gov/Report-Card/Report-Card-2016
http://www.c2es.org
http://www.kresge.org/sites/default/files/library/climate-adaptation-the-state-of-practice-in-us-communities-full-report.pdf
http://www.ucsusa.org/sites/default/files/legacy/assets/documents/global_warming/ca_curriculum_guide_final.pdf
http://www.ucsusa.org/our-work/global-warming/science-and-impacts/global-warming-science#.WFb4R0TMyRs
https://mynasadata.larc.nasa.gov/docs/climate_change_guide.pdf
http://www.ipcc.ch/report/ar5/
http://www.pbslearningmedia.org/about/products/teachers/
http://sos.noaa.gov
http://www.noaa.gov/sosnetwork/members
http://www.noaa.gov/sosnetwork/members
http://www.ncdc.noaa.gov/sotc
https://cdn-educators.brainpop.com/wp-content/uploads/2014/07/IOP_QDesignPack_SystemsThinking_1.0.pdf
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• Teach Systems Thinking. Carleton College website, Interdisciplinary Teaching About Earth for 

a Sustainable Future. (Designed for college-level, but has many useful ideas and resources.)  

[serc.carleton.edu/integrate/teaching_materials/systems.html] 

• A Teacher’s Climate Quest blog. [mswaldieccwebquest.weebly.com] 

• Teachers Guide to High Quality Educational Materials on Climate Change and Global Warm-

ing. Carnegie Mellon University. [hdgc.epp.cmu.edu/teachersguide/teachersguide.htm] 

• Zinn Education Project & their Environment & Food teaching materials)  

[zinnedproject.org] | [zinnedproject.org/teaching-materials/?themes=environment-food] 

Readings for Students

Some of the following suggested readings are intended to increase environmental and social aware-

ness rather than to deal specifically with global warming. (Listed works were compiled from teach-

er suggestions and are not necessarily suitable for all age and maturity levels.)  

Non-Fiction

• The Omnivore’s Dilemma, by Michael Pollan

• Our Choice, by Al Gore – uses interesting photographs and graphics to make his point

• Silent Spring, by Rachel Carson

• The Sixth Extinction, by Elizabeth Kolbert

• The Tao of Physics, by Fritjof Capra 

• The Web of Life, by Fritjof Capra 

Fiction – Teacher-Recommended Short Stories

• I’m With the Bears: Short Stories from a Damaged Planet. Verso Books, 2011. “Hermie”, 

by Nathaniel Rich; “Time Capsule Found on the Dead Planet”, by Margaret Atwood.

• Winds of Change: Short Stories About Our Climate. Moon Willow Press, 2015. (There are 

some excerpts online at eco-fiction.com/read.)  
“The Audit”, by Rachel May; “How Close to the Savage Soul”, by John Atcheson

Fiction (many specifically listed as Young Adult category)
These books are examples of visionary fiction and ‘cli-fi’. Although some are specifically desig-
nated as Young Adult fiction, some listed books may not be suitable for your students.

• A Being Darkly Wise, by John Atcheson 

• The Bone Clocks, by David Mitchell 

• The Carbon Diaries, by Saci Lloyd (YA) 

• Exodus, by Julie Bertagna (YA) 

• Flight Behavior, by Barbara Kingsolver YA)

• The Hunger Games trilogy, by Suzanne Collins (YA) 

• Love in the Time of Global Warming, by Francesca Lia Block (YA) 

• Capital trilogy, by Kim Stanley Robinson

• Memory of Water, by Emmi Itäranta (YA)

• Nature’s Confession, by J. L. Morin (YA)

• Odds Against Tomorrow, by Nathaniel Rich 

http://serc.carleton.edu/integrate/teaching_materials/systems.html
http://mswaldieccwebquest.weebly.com
http://hdgc.epp.cmu.edu/teachersguide/teachersguide.htm
http://hdgc.epp.cmu.edu/teachersguide/teachersguide.htm
https://zinnedproject.org/
https://zinnedproject.org/teaching-materials/?themes=environment-food
https://www.versobooks.com/books/1019-i-m-with-the-bears
http://www.moonwillowpress.com/winds-change/
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• Oryx and Crake, The Year of the Flood, and MaddAddam, trilogy by Margaret Atwood

• The Parable of the Sower and The Parable of the Talents, by Octavia Butler

• Ship Breaker, by Paolo Bacigalupi (YA)

• The Sea and The Summer, by George Turner 

• The Water Knife, by Paolo Bacigalupi 

• Water Wars, by Cameron Stracher (YA) 

• The Windup Girl, by Paolo Bacigalupi 

• The Word for World is Forest, by Ursula Le Guin

These books are examples of visionary fiction and ‘cli-fi’. Although some are specifically des-
ignated as Young Adult fiction, some listed books may not be suitable for your students.

Films & Video

• Chasing Ice, 2012. (1:15) Beautiful photography by James Balog captures glacial change 

over a period of several years – link is to film’s website. [chasingice.com] 

• Do the Math: Bill McKibben and the Fight Against Climate Change. (0:45) 350.org, 2013. 

[act.350.org/signup/math-movie] 

• Drop in the Ocean. Trócaire, 2015. (0:28) “Climate change is the biggest threat facing hu-

manity today and yet our political systems refuse to move quickly enough to do anything 

about it…. with some of Ireland’s leading environmental scientists, writers, and activ-

ists.” [www.trocaire.org/drop] 

• Six Degrees Could Change the World. (1:36) National Geographic. 

[channel.nationalgeographic.com/videos/degree-one] or [www.youtube.com/watch?v=R_pb1G2wIoA] 

This guide comes with a free School GHG Calculator and is also being made available online at teach-climate.net.  
Questions or suggestions? Contact the project team at teach-climate@sustainlv.org.

https://chasingice.com
http://act.350.org/signup/math-movie/
http://www.trocaire.org/drop
http://channel.nationalgeographic.com/videos/degree-one/
http://teach-climate.net
mailto:teachclimate%40sustainlv.org?subject=
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Metric System (System Internationale)

The metric system often referred to as SI (System Internationale) is a decimal system with units 

that are logically related; it is widely used around the world, and in science and manufacturing. 

gram – (mass/weight) originally, the weight of a cube of water measuring 1/100 meter or 1 cubic 

centimeter (cm3); 1 ounce = about 28.35 grams 

kilogram = 1,000 grams, or approximately 2.2 pounds

meter | metre – (length) originally based on the length of a pendulum with a period of 1 second

Other common base units:

are – 100 square meters  (1/100 of a square kilometer) 

hectare = 10,000 square meters, or about 2.47 acres

degree (°) – temperature using Celsius / centigrade scale. 1°C=1.8°F; the zero point for the 

Celsius system is the freezing point of water, or 32°F [°C = °F -32 * 5/9; °F = °C * 9/5 + 32.]

joule (J) – energy (107 erg)

Liter | litre – (volume)= 1,000 cubic centimeter [cm3], approximately 1.75 pints

Newton (N) – force

Pascal (Pa) – pressure

Quad – 1015 Btu

second – time

Watt (W) – power (amperes * volts)

In the metric system, larger and smaller units are designated by prefixes; here are some of the most 
common:

pico (p)– 1 trillionth, 10–12

nano (n)– 1 billionth, 10–9

micro (µ) – 1 millionth, 10–6

milli (m) – 1 thousandth, 10–3

centi (c) – 1 hundredth, 10–2

deci (d) – 1 tenth, 10–1

—

deca (da) – ten (101)

hector (h) – 100 (102)

kilo (k) – 1,000 (103)

mega (M) – million (106)

giga (G) – billion (109)

tera (T) – trillion (1012) 

You can obtain a free set of metric education resources for use in your classroom! Contact the NIST 

Metric Program at TheSI@nist.gov and include your name, school, subject, grade level, phone num-

ber, and mailing address. The NIST SI Teacher Kit contains a classroom set of metric rulers (NIST 

SP 376 – a 300 mm ruler), laminated metric conversion cards (NIST SP 365), SI Education CD, and 

other measurement resources.

mailto:TheSI%40nist.gov?subject=
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Additional Resources on the Metric System 
• Education Resources on the Metric System (SI). National Institute of Standards & Technology 

website. [www.nist.gov/pml/weights-and-measures/education-resources-metric-system-si] 

• Math Is Fun – Metric System of Measurement – Math is Fun website. 

[www.mathsisfun.com/measure/metric-system.html] 

• Metric Bookmark [PDF]. National Institute of Standards & Technolo-

gy website. Master sheet for printing metric system bookmarks for students. 

[www.nist.gov/sites/default/files/documents/pml/wmd/metric/bookmark.pdf] 

• Metric Chocolate Chip Cookies. National Institute of Standards & Technology website.  

[www.nist.gov/pml/weights-and-measures/metric-chocolate-chip-cookies] 

• Metric Recipes and Recipe Conversion. The Metric Kitchen website. [www.jsward.com/cooking] 

• The Metric System, the U.S.A., and Scientific Literacy. Public Library of Science website. 

[blogs.plos.org/scied/2013/01/28/the-metric-system-united-states-of-america-and-scientific-literacy/] 

• Everyday Use of Metric. Think Metricwebsite. Created for the U.K., but has useful information. 

[thinkmetric.org.uk/everyday.html] 

• Every Day With Metric. National Institute of Standards & Technology website. 

[www.nist.gov/pml/weights-and-measures/metric-si/everyday-metric] 

• SI Teacher Kits for Educators. National Institute of Standards & Technology website. 

[www.nist.gov/pml/weights-and-measures/si-teacher-kits-available-educators] 

Also see Resources that apply to many subject areas and Readings for students.

 

Would you like to share, discuss, and develop ideas about ways to integrate global warming and GHG 
emissions in school? We are setting up an online forum where interested teachers can share ideas. 

Contact teach-climate@sustainlv.org if you’d like to participate or if you have an idea to share.

https://www.nist.gov/pml/weights-and-measures/education-resources-metric-system-si
http://www.mathsisfun.com/measure/metric-system.html
mailto:https://www.nist.gov/sites/default/files/documents/pml/wmd/metric/bookmark.pdf?subject=
http://www.nist.gov/pml/weights-and-measures/metric-chocolate-chip-cookies
http://www.jsward.com/cooking/
http://blogs.plos.org/scied/2013/01/28/the-metric-system-united-states-of-america-and-scientific-literacy/
http://thinkmetric.org.uk/everyday.html
mailto:www.nist.gov/pml/weights-and-measures/metric-si/everyday-metric?subject=
https://www.nist.gov/pml/weights-and-measures/si-teacher-kits-available-educators
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Glossary 

We’ve highlighted these potential vocabulary words, but whether these are right for your class de-

pends on the subject matter you are covering and the academic level of students. 

albedo – the amount of light reflected by a surface

anthropogenic – created by or originating in human activity

arable – suitable for growing crops

axis – the imaginary line about which a body rotates (compare to axle)

boundary [project management or engineering] – the limit of what is to be considered in 

analyzing or designing a project

BTU or Btu – British Thermal Unit = the amount of heat needed to raise the temperature of 1 

pound of water by 1°F (approximately 1,055 Joules or 0.000293 kWh). Also see quad.

carbon footprint – the total carbon emissions by a process, site, or person

carbon-neutral – having no net effect on the carbon balance on Earth; also climate-neutral

carbon sink – an area or substance that can absorb carbon from the atmosphere

cardinal measurement scale – sometimes used for an interval scale 

Celsius – The temperature scale, used throughout the world except by the U.S. and some 

Territories. Part of the metric system; also called centigrade because water freezes at 0°C and 

boils at 100°C .

CFL [Compact Fluorescent Lamp] – a fluorescent lamp, with a helical (coiled) shape or a 
narrow, folded tube, designed to replace incandescent lamps, often made for existing fixtures

climate – long-term patterns of temperature and weather 

climate justice – moral and ethical principles applied to climate change and its effects

climate-neutral – having no net effect on the carbon balance on Earth; also carbon-neutral

combustion – burning; a rapid chemical reaction that combines a fuel with oxygen and releases 

heat [exothermic]

COP – Conference of the Parties, part of the U.N. process responding to global warming

cycle – a repeating sequence events that occur in the same sequence on a regular basis

desertification – transformation of arable land to desert

DREAMS – An acronym for Design-Research-Engineering-Art-Math-Science

ecology – the relationship of all parts of a system, summarized in Barry Commoner’s ‘Four 

Principles of Ecology: ‘everything is connected to everything else, everything must go somewhere, 

nature knows best, and there is no such thing as a free lunch’.

ecosystem services – benefits to society from healthy, functioning ecosystems. (For 
example: absorbing CO2 and producing oxygen, supplying clean water, helping to regulate the 

climate)

element – in chemistry and physics, a substance that cannot be broken down into other 

substances; the smallest unit where it retains its identity 

embedded carbon, embedded energy – emissions created or energy used in the extraction or 

production of resources that are used by another process; sometimes called ‘upstream emissions’

endocrine disruptor – a chemical or substance that mimics or duplicates hormones in the body; 

can cause cancer, mutations, or developmental disorders, some of which may not manifest until 

the succeeding generation
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entropy – the extent to which energy in a system is not available for use because it is diffuse or 

disorganized; also sometimes refers to the process of increasing disorganization

environmental justice – moral and ethical principles applied to environmental impacts 

equilibrium – a state of balance or harmony between forces

estimate –verb to calculate an approximate value; noun the result of the process. 

experiential – based on experience or observation (as opposed to theoretical)

externality – a value that affects other people or processes but is not considered in the process 

that causes the change

extinction event – a rapid, widespread decrease in life on Earth 

Fahrenheit – temperature scale used primarily in the United States (alo see Celsius)

feedback – any input to a process that reflects the process itself; if it is self-reinforcing, it is often 
called a feedback loop

fluorescent – a material that emits light when subjected to another form of electromagnetic 

energy

forcing – factors which cause or increase climate change. Anthropogenic factors such as burning 

fossil fuels, deforestation, and industrial agriculture have become dominant, but natural factors 

such as the Earth’s distance from the sun, solar activity cycles, and volcanic activity contribute. 

fracking – hydrofracturing, a technique for breaking up shale deep underground so natural gas 

or oil can be removed; usually used in combination with horizontal drilling

fugitive emissions – unintended emissions from leaks or irregular emissions from wells, 

pipelines, compressor stations, and other parts of the natural gas infrastructure

global warming potential [GWP] – a measure expressing the amount of heat a substance 

traps in the atmosphere over a given period of time, with carbon dioxide (CO2) having a value 

of 1. (Nitrous oxide, for example, has a GWP of 298 over 100 years, meaning it is 298 times as 

powerful as CO2.)

greenhouse effect – Earth’s atmosphere trapping some solar radiation as heat

greenhouse gas – any gas that increases the greenhouse effect if present in the atmosphere

halogen – any of the highly-reactive elements astatine, bromine, chlorine, fluorine, or iodine,

incandescent – glowing (emitting light) when heated; until this century, most electric lamps 

were incandescent (see also LED, CFL)

inherent – a property that is essential or characteristic 

integrity – a state of being whole, pure, unadulterated

interval measurement – interval scales are consistent, but they may not have a true zero point, 

so comparisons of intervals can be misleading. (For example, degrees Celsius or Fahrenheit)

LED [Light Emitting Diode] – a semiconductor that glows (emits light) when an electrical 

current is applied; produces more light with less energy than either fluorescent or incandescent 
lamps

life-cycle analysis – looking at the impacts of all stages of a product or project, from ‘upstream’ 

phases such as resource extraction to eventual retirement and recycling into something new 

metric system – system of measurements used by most countries (see next section)

Metric ton – 1,000 kilograms (≈1.10 U.S. tons | 2,204.6 U.S. pounds)

mitigate – reduce the severity 
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mountaintop removal [MTR] – a variation of strip mining , with explosive used to break up the 

top of a mountain to remove coal, leaving tailings and sludge that threaten people’s health 

mTCO2e – metric tons of carbon dioxide or other GHG converted to the equivalent amount of CO2 

(also see global warming potential)

mutagen – a chemical or other agent that tends to increase or create mutations

negawatts – a term used to describe reduced power demands

NGO – Non-Governmental Organization

nominal measurement – information is categorized or sorted according to a scale (which 

generally must be stated) that gives no information about actual rank or meaning. (For 

example: F & M might mean female or male; R, B, & G might designate the primary colors.)

orbit – The path traveled by an object (planet, moon, or satellite, for example) around a star or 

planet; generally elliptical or circular

ordinal measurement – showing a relationship between measurements, but the interval does 

not have a constant meaning (Example: rankings such as 1st place, 2nd place, 3rd place order the 

items but do not give any information about the big the differences are.)

outsourced – Obtained from an external source rather than produced internally; often applied to 

services that are contracted to another organization instead of being done by employees.

parable – a story used to teach, often a moral principle

pH [potential of Hydrogen] – a measure of acidity based on the quantity of hydrogen ions 

photosynthesis – a biological process by which plants create carbohydrates use energy from light 

to combine carbon dioxide and water and release oxygen, usually in the presence of chlorophyll. 

(6CO2 + 6H2O → C6H12O6 + 6O2)

photovoltaic – used to describe a device or process that converts light into electrical energy

protocol – an official procedure or set of rules governing a situation

quad – large unit of energy, often used for measuring energy use on a national or global scale = 1 

quadrillion (1015) Btu (or about 8 billion gallons of gasoline or 293 billion kilowatt-hours)

ratio measurement scale – this is an interval scale that does have a zero point, making 

intervals comparable even at different parts on the scale. (For example, the number of correct 

answers on a test or temperature on the Kelvin scale)

resilience – The ability to respond well to changes or other stress factors while retaining identity 

and ability to function

Scandanavia – The northern European countries of Denmark, Norway, and Sweden, which 

have similar cultural heritages and mutually-intelligible languages. (Finland and Iceland are 

sometimes also included, although their languages are quite different.)

Standing Rock – the Standing Rock Sioux; in 2016, the term Standing Rock is often applied to 

the NoDAPL action to protect the water of the Missouri River and the adjacent lands ceded by 

the U.S. government to the Standing Rock Sioux by treaty.

STEM | STEAM – Acronym for Society-Technology-Engineering-Mathematics | the STEAM 

acronym adds the Arts as an essential element for understanding and innovation

sustainable – able to continue indefinitely without running out of energy or other inputs

synthetic – Created by chemical processes, often to simulate a natural substance

system – the components and processes that together form a whole 

systems thinking – considering all parts of a system, including their interdependencies 
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Tao – in Chinese philosophy, a principle that underlies workings of the universe, sometimes 

called ‘The Path’ or ‘The Way’.

tar sands – areas of sand saturated with heavy crude oil; requires expensive and 

environmentally-destructive processing to recover; 

thermohaline circulation – major ocean currents driven by differences in density, the result 

both temperature and salt content

threshold – a point at which a small change in a key input variable results in a sudden, large 

shift in the state of the system or its outputs 

tipping point – a threshold in a system that, if exceeded, causes a sudden and pronounced 

change in the state of the system and its processes

Ton (metric) – 1,000 kilograms (≈1.10 U.S. tons | 2,204.6 U.S. pounds)

Ton (U.S.) [‘short ton’] – U.S. 2,000 pounds, ≈907 kilograms)

Ton (U.K.) [‘long ton] – U.K. 2,240 pounds, ≈1,016 kg 

UNEP – United Nations Environmental Programme 

UNFCCC – United Nations Framework Convention on Climate Change (also see COP)

unintended consequence – unplanned and generally undesirable results of some other change 

upstream emissions – emissions created in the extraction or production of resources that are 

used by a process; sometimes called embedded emissions

WHO – World Health Organization

WMO – World Meteorological Organization

whole systems – see systems thinking 

Creative Commons License

Following is a summary of the terms of the Creative Commons share-alike license; it is not a replacement for the 
license, which is available online or by mail.*

You are free to Share (copy and redistribute the material in any medium or format) or adapt (remix, transform, and 
build upon the material as long as you follow the conditions below.

Conditions:

• Attribution — You must give appropriate credit, provide a link to the license, and indicate if changes were 
made. You may do so in any reasonable manner, but not in any way that suggests the licensor endorses you or 
your use. 

• NonCommercial — You may not use the material for commercial purposes.
• ShareAlike — If you remix, transform, or build upon the material, you must distribute your contributions under 

the same license as the original.
• No additional restrictions — You may not apply legal terms or technological measures that legally restrict oth-

ers from doing anything the license permits.

* To view a copy, visit creativecommons.org/licenses/by-nc-sa/4.0 or write Creative Commons, PO Box 1866, Mountain View, CA 94042.

Would you like to share, discuss, and develop ideas about ways to integrate global warming and GHG 
emissions in school? We are setting up an online forum where interested teachers can share ideas. 

Contact teach-climate@sustainlv.org if you’d like to participate or if you have an idea to share.

http://creativecommons.org/licenses/by-nc-sa/4.0
http://creativecommons.org/licenses/by-nc-sa/4.0
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