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Introduction

This Global Warming Education Resource Guide was developed by the Northwest

Clean Air Agency and R E Sources for Sustainable Communities. The Pacific Int ernational
Section of the Air & Waste Management Association provided partial funding of the

project.

This packet was specifically designed to be used with the  Choices - You Make the
Difference  board game. The game was de  veloped as part of an hour  -long classroom
presentation, delivered to 5" . 8™ grade students on behalf of the Northwest Clean Air
Agency.

Inside, you will find a multi -media CD called Practical Solutions to Global Warming
This CD contains a positive and empowering 20-minute present ation that explains the
causes and solutions to global warming. People cause it. People can fix it.

Also included in this guide is background information on global warming, our  classroom
presentation script, pre - and post -game activities and lesson plan s and game
instructions

We hope you enjoy using these learning materials. Thank you for making time to teach
your students  about this very important issue!
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Greenhouse Effect and Greenhouse Gases

Heat energy from the sun comes down through the Earth's atmosphere. Some of that

heat hi t s t he Ear t iddbauncesbackiatwsp acathroughthe atmosphere. lItis

as if the atmosphere is ventilating some of the sun's warmth so it doesn't overheat. But
some of the warmth is also contained by the earth's atmosphere.

That is because certain gases in the atmosp here act as an insulation that holds  in some
of the heat 71 the greenhouse layer. Without that insulating layer of gases , Earth would
be too cold to support life.

The heat -trapping and ventilating effects are well -balanced, creating a stable climate
and supporting the rich diversity of life on the planet. T his heat -regulating atmosphere
is the main thing that distinguishes the Earth from all the other planetary bodies that

scientists have studied.
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Greenhouse gases include any gas in the atmosphere that is capable of absorbing
infrared radiation or heat. Greenhouse gases include water vapor or moisture, carbon
dioxide (CO,), methane, nitrous oxide and ozone. Carbon dioxide is the primary gas
influenced by hu mans.
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Global Warming

Human activity is disrupting this natural balance. Over the last 250 years, humans have
turned to fossil fuels to meet most of our energy needs. Fossil fuels i coal, ail, and
natural gas 1 contain carbon that has been stored in the ground through natural
processes over hundreds of millions of years.

Burning fossil fuels release s E How global warming works

trapped carbon into the
atmosphere as carbon dioxide,
where it builds up and thickens
the heat -trapping greenhouse
layer around the Earth.

The heat bu ilds up, the globe
Awar mso, and the
balance that keeps the climate
stable is disrupted

After about 250 years of this,
the carbon dioxide has
measurably increased the
insulating effec t of this
at mospheric 'Thd ank
thick blanket preven ts heat from
escaping.

This release of carbon is, by
geologic standards, very

sudden. The atmospheric
concentration of carbon dioxide,
for example, has increased by
35% since the 18th century,
while levels of methane have
more than doubled.

Approximat ely 6.6 tons of
greenhouse gases are emitted
per person every year  inthe
United States.  About 82% of these emissions are from burning fossil fuels to generate
electricity and power our automobiles . The U.S. presently emits more greenhouse gases
per pers on than any other country.

Fossil fuels: stored carbon

(Information adapted from The Encyclopedia of the Atmospheric Environimgnt/www.ace.mmu.ac.uk/eae/english.hamt the EPA
Global Warming Sitehttp://yosemite.epa.gov/oar/globalwarming.nsf/content/index.bim®ctober 28, 2004)
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Solutions to Global W arming

Climate change is one global problem we actually know how to fix. People are
causing it, and people can solve it.

Global warming solutions are, first and foremost, clean energy solutions. To stabilize

the climate, we need to reduce fossil fuel use. Existing ¢ lean energy technologies
include r enewable resources like wind and solar ; new technologies like the hydrogen
fuel cell, and energy efficiency technologies that can get the most out of our power
supplies .

Global warming solutions also include transportation solutions. And particularly in
urban areas, transportation is one of our to ughest challenges.  The solutions fall into
three broad categories:

® First - transportation choices . As traffic increases, more and more people are
demanding alternatives to cars. Transportation investments will determine
whether we become  more car -dependent or whethe r we have more choices, like
buses, trains and safe bike routes.

® Second - building more complete communities. Reducing spraw! by building
lively, mixed -use communities is a great way to reduce transp ortation emissions
and cos ts. B uilding such complete communities makes taking the bus, riding

your bike or walking more feasible.

® Finally - cleaner cars, trucks, and fuels. Comfortable gas-electric hybrids are
available now.

Another way to reduce carbon dioxide pollution and fi ght globa | warming is to reduce
waste or use waste to provide energy needs . When we re duce waste, we also  reduce
emissions from energy consumption ; reduce methane emissions from landfills ; and
increase storage of carbon in trees. For example, w aste preven tion and recycling of
paper products allow more trees to remain standing in the forest, where they can

continue to remove car  bon dioxide from the atmosphere.

Also, methane from landfills, dairy farms, and sewage plants can be used to generate
electricity.  This reduces global warming in two ways 1 by reducing methane
emissions and by reducing the need for fossil fuels to produce power.

To a great extent, the solutions are also local. Much of the action is in our
communities, where we make decisions abou t how we use energy, what kinds of
transportation investments we make, how much waste we generate, and how we
handle growth.

Seefil5 Things You Can Do to Reduce thenpdgéZ @tot s of Gl obal
learn more

(Adapted from the Northwest Cleanéag c y 6 s htipg/lywwanivcte@nair.org See "15 Things You Can Do to Reduce Global
Warming" for more information on page 27.
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Effects of _Global W arming

In the Pacific Northwest, the most significant impact i s on our water supply. Our
power systems, drinking water supplies, salmon, farms, and forests all depend on
snow pack. Our snow pack is projected to decline 50% by 2050 and 80% in this

century.

Global warming also poses new threats to Northwest forest s. Scientists project
increases in pest infestations and intense forest fires as summer temperatures rise

and snow pack declines. One major pest probl em 1 the mountain pine beetle - is
already destroying wide swaths of forest in British Columbia.

Fore sts may be unabletore  -grow in some areas after these intense fires. This would
leave some parts of the Northwest permanently deforested. Deforestation releases
even more heat -trapping CO , into the atmosphere.

Global warming also increases the range of disease -carrying rodents and insects.
Outbreaks of tropical diseases carried by mosquitoes have begunto spread into North
America - like the West Nile Virus. It is a very serious public health issue, both here at
home and internationally.

In addition , h otter temperatures are connected to more smog, more pollen and more

severe respiratory problems - health problems that disproportionately affect kids and

the elderly.

Global warming will have far -reaching impacts throughout the world, not just here at
home. Many parts of the world may become uninhabitable due to drought or sea-

level rise, leaving millions homeless. And recent events have shown clearly that this
kind of trouble anywhere in an interdependent world can affect us all.

That 6s wh yeswoddu-witleraie rising to the challenge by ratifying the Kyoto
treaty, which calls for reductions in global warming pollution. 169 countries have
ratified the treaty as of December 2006 . There are only two advanced nations that
have not signed the agre  ement T the United States and Australia. However, the
Kyoto treaty is being put in to action across the United States in other ways

The Cities for Climate Protection ™ (CCP) Campaign enlists cities to adopt policies and
implement measures to achieve r eductions in local greenhouse gas emissions,
improve air quality, and enhance urban livability and sustainability. 152 local U.S.
governments participate in the CCP, integrating climate change mitigation into their
decision -making processes.  Bellingham , Burien , King County , Olympia , Seattle ,
Spokane , Spokane County and Tacoma are partici pating in Washington State.

(Adapted from the Nor t hWwmpédviww.GWcleamair.ordtgednitedyNatons wranbewaki Coreention on
Climate Change web sitbitp://unfccc.int/kyoto_protocol/items/2830.pkgnd CLEIS Local Governments for Sustainability web site,
http://www.iclei.org/index.php?id=831
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Atmosphere

The atmosphere surrounds the earth and is a mixture of different ga ses, particles and
aerosols collectively known as air. The atmosphere protects us by filtering out deadly

cosmic rays, powerful ultraviolet (UV) radiation from the sun, and even meteors on a

collision course with the earth. Air is well mixed throughout t he atmosphere; however
the atmosphere does differ in temperature and altitude, defining a number of

atmospheric layers. These layers include the troposphere, stratosphere, and

mesosphere. Another well  -known layer is the ozone layer, which is located in t he
stratosphere and protects life from the harmful effects of UV radiation. Although traces

of atmospheric gases have been detected well out into space, 99% of the mass of the
atmosphere lies below about 15.5 to 18.6 miles altitude, while 50% is concentra ted in
the lowest 3.1 miles (less than the height of Mount Everest).

Air remains remarkably uniform in composition and is the result of efficient recycling
processes and turbulent mixing in the atmosphere. The two most abundant gases in air
are nitrogen  (78% by volume) and oxygen (21% by volume), and together they make

up over 99% of the lower atmosphere. In addition to nitrogen and oxygen, air contains

a number of trace gases, including the noble gases argon, neon, helium, krypton and

xenon, the greenho  use gases and ozone.

During the last 200 years, humankind has begun to significantly alter the composition of
the atmosphere through pollution. Although air is still made up mostly of oxygen and
nitrogen, some of the levels of trace gases have been incre asing, in particular the
concentrations of greenhouse gases, which contribute to global warming.

(Adapted from The Encyclopedia of the Atmospheric Environnietg;//www.ace.mmu.ac.uk/eae/englistml, on October 28, 2004)

Weather vs. Climate

Weather is the specific condition of the atmosphere at a particular place and time. Itis

measured in terms of such things as wind, temperature, humidity, atmospheric

pressure, cloudiness, and precipit ation in a given location. In most places, weather can
change from minute  -to-minute, hour -to-hour, day -to-day, and season -to-season. The
weather can change a lot within a very short time.

Climate describes the average of all weather occurring over a pe riod of time in a given
place. This includes average weather conditions, regular weather sequences (like

winter, spring, summer, and fall), and special weather events (like tornadoes and

floods). For example, San Diego is known as having a mild climate, New Orleans a
humid climate, Buffalo a snowy climate, and Seattle a rainy climate.

A simple way of remembering the difference is that 'climate’ is what you expect (e.g.,
cold winters) and ‘weather' is what you get (e.g., a blizzard)

(Adapted from the ER Kids Global Warming Site http://www.epa.gov/globalwarming/kids/climateweather.hdomiOctober 28, 2004)
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Climate Change Presentation Script
(Grades5 -8, 1 hour)

A project  of the Northwest Clean Air Agency

Objective: Introduce subject of  climate change/ global warming and prepare students to
play the fiCbai Make the Differ enfQuestonsitastidedts agea me .
underlined in the script.)

Introduction

Hello, m y name is . lam here today on behalf of the Northwest Clean Air
Agency. NWCAA helps protect and improve the quality of air for people living in our

area. (Optional: How many of you have heard of the Environmental Protection Agency?
You may have h eard it called the EPA. Well, that organization is responsible for creating
environmental laws for the entire country.) NWCAA is in charge of the air quality in

Skagit, Whatcom and Island Counties. With NWCAA | get to speak with students all over

ourarea. And thatés why I 6ve come to visit you today.
poll ution and how it is related to some of the prob
T mainly, how air pollution is changing our climate. Today we will talk about the problem

of climate change and then play a fun game to help us come up with some solutions that

will help us keep the air clean.

You may already know about a lot of the things that cause air pollution such a s cars,

factories and burning.  You may also know that air pollution can make it hard to breathe,

make us sick, even damage plants, animals and buildings .Thekind of air poll uti
going to talk about today does affect plants, animals, and humans, but it also affects the

whole earth, including our climate. Thatds why you someti mes here it

change. Now, you may have also heard of it referred to as global warming, but, | like to

use climate change because climate change is a bit more accurate. Yes, the earth is

warming, but that also causes the c Il i mate to change. |1 tdéds kind of 1
(thatdés a symptom) and the fever causes you to swea

Weather and Climate
When we talk about the topic of climate change, it is important for us to understand
what climate is, and how it i s different from weather.

What is weather? What is climate? How is climate different from weather? What is our

climate like here in the winter? How about in the summer? Do we ever have sunny or

warm weather in the winter? How about rain in the summer? Sure! So, climate is what

you expect (e.g. cold winters) and weather is what you get on a day to day basis (e.g. a

blizzard or rain or sunshine). Climate is the overall, big picture of weather. When we talk
about climate change we are talking about  changes to the overall, big picture of the
earthdéds climate.

Greenh ouse Layer

The atmosphere is a thin layer of gasses that surrounds the earth. We woul dndt be al
to survive here on earth without the atmosphere and the atmosphere plays a big role in
ourweathe r and cl i mate. Let me explainé

(Draw the diagram below  on the board as you explain)
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Basically, the atmosphere is a thin layer of gases that surrounds the earth. Think of it

like the peel on an orange. If the earth was an orange, the atmosphere would be as
thick as the peel. Thatds not very thick!
ltdéds made up of different kinds of gases |ike nitrogen,
makes it possible for us to live here on Earth Titds natureds way of keeping the

just the right temperature for us to survive.

Heat energy from the sun comes in through the atmosphere. The heat bounces off the

surface of the earth and some of it stays trapped inside the atmosphere to help keep the

earth warm. Some of the heat escapes back through the atmosphere. Thi s is a good
thing because if it all stayed trapped inside the atmosphere the earth would get very hot

i too hot for anything living to survive.

Think about it like  a plant gr eenhouse, or like sitting inside a car on a sunny day. The

sunbds rays glotheavindoWwsrobthe car and warm you, the seats, and the

dashboard. I f the windows are rolled up, the heat canbt
hotter inside the car. If you roll down the windows the heat can get out and the inside of

the car cools down.

You can also think of the atmosphere as a blanket around the earth. The greenhouse
effectisa goodt hi ng f or wus. Itds something that nature intende
planet warm enough for life to survive

OSPH
V:‘M ER&

The bad thing is that  air pollution made by humans is adding more gasses to the

atmosphere. These gases, called greenhouse ga ses, are things like  carbon dioxid e. And
with more of these ga  ses, the atmosphere is getting thicker and thicker. | tés |like weobre
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