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BGGS Overview

BGGS istheBritannica
Gl ob al G e o gr aphy Sy stem,
a modular electronic
learning system which
combines the latest peda-
gogical approach to geogra-

phy leaming with interactive multi-media
materials enabling students and teachers to
immerse themselves in exciting geographic
investigations. BGGS is made up of the following
components:

o Geographic Inquiry into Global lssues
(GIGD Student DataBooks

o Teacher's Guides with Overhead Trans-
parencies in a three-ring binder

o Laminated Mini-Atlases to accompany
each module

. BGGS CD-ROM with User's Manual
o 3 BGGS Videodiscs with Barcode Guides
o 3 thematic posters

This section of your Teacher's Guide will exam-
ine each component and demonstrate how the
components work together to facilitate some very
exciting geography leaming for you and your
students!

I. GIGI
Geographic Inquiry into Global Issues (GIGI)
is the foundation of the BGGS. GIGI is a series of
modules developed at the Center for Geographic
Education at the University of Colorado at
Boulder. The modules are hdependent of one
another and can be presented in any order.

They use an inquiry approach and are organized
around ten world regions:

South Asia

Southeast Asia

fapan
Former Soviet Union

East Asia

Australia/N ew Zealand/Pacific

North Africa/Southwest Asia

Africa-South of the Sahara

Latin America

Europe

Each GIGI module is centered around a particular
question, such as "Why are people in the world
hungry?" and "Is freedom of movement a basic
human right?" The lead question is explored in
one region of the world, then, in most modules, in
a second region, before being investigated in
North America.

The modules can be used in geography classes, or
selected modules can be used in other coutses,
such as Earth Science, Global Studies, or Econom-
ics. Twelve modules constitute ample material for
a full year's geography course. Each module is
accompanied by sets of laminated mini-atlases
which students can write on with dry-erase
markers (provided by the teacher), then wipe
clean to be re-used by the next class. This activity
works well with cooperative groups of students.



Each module comprises a Teacher's Guide in a

three-ring binder which includes Handouts and

Activity masters for duplication and Overhead

Transparencies; twenty-five Student DataBooks
(additional Student DataBooks available) and the

Mini-Atlases all packaged in a sturdy box

suitable for storage when the class moves on to

the next module. Since the Student DataBooks

are soft-covered three-hole punched, non-

consumable books, we recommend that each

student have a binder to protect them. BGGS

binders are available from Britannica, or you

might ask each student to obtain one at the

beginning of the course to keep the books in

good condition for the next grouP of students

that will use them. As the class completes a

module, you can collect the Student DataBooks,

place them in their storage box, and distribute

the next module's DataBook to be placed in the

student's binder.

GIGI print materials are organized in a unique

fashion. The Teacher's Guide explains proce-

dures to use in presenting the material found in

the GIGI Student DataBook. Miniature layouts of

student pages show the teacher how many pages

of student material correspond with a given

Teacher's Guide page. The Teacher's Guide

includes Activities and Handouts to be copied

and passed out to the class and Overhead

Transparencies to enhance each lesson. AII of a

module's Activities, Handouts, and Overheads

are located behind the third tab divider in each

Teacher's Guide.

The teacher needs to become familiar in advance

with both Teacher and Student material in order

to effectively engage the class in meaningful

geographic inquiries. There is a comprehensive
"Memo to the Teacher from the GIGI Staff" in

each Teacher's Guide which explains in detail the

goals and principles behind the inquiry approach
to geography learning.

The electronic components of the Britannica
Global Geography System further emPower
students and teachers alike to engage in mean-

ingful investigations. They are explained in detail

in the following section.

II. BGGS CD.ROM
The BGGS CD-ROM is a resource manager and

reference tool designed to help both teachers and

students get maximum impact from the
Bitannica Global Geography System. This CD-

ROM contains the text of the GIGI Student
DataBooks in both Spanish and English, as well

as Britannica's innovative geography reference

program GeopediarM all on a single disk. Here

are some of the ways you and your class can use

this software:

. When preparing to teach a module, you
can access the GIGI Student DataBook on

the CD to find which other elements of

the BGGS are keyed to that lesson. For

example, if you are teaching Lesson 3
in the Population and Resources module
(What is overpopulation and how is it

distributed?), accessing that lesson on the

CD-ROM will reveal that there is one clip

on the Economic Deoelopment videodisc

called "Population/Wealth Correlation."
With this information, you can plan when

to reserve your department's videodisc
player to preview the clip and show it to

your class.

Furthermore, you will discover that there is one

GIGI mini-atlas activity related to this lesson, five

articles in the Geopedia database, ten entries in



Geopedia's World Data, five maps in the
Geopedia Atlas, and five learning activities in the
Geopedia BrainTeasers. You may want to assign
each student or small group of students a re-
search project using these extra resources to be
done over the course of the module, or you can
create a set of questions which the students must
complete using the information found in
Geopedia.

These activities can serve as a performance-based
assessment of what students have learned in
studying each module.

Since many schools have a limited number of
computers with CD-ROM drives available, you
may wish to devise a rotating schedule or sign-
up system to ensure that each student has a
chance to get at the BGGS CD-ROM. If it takes 15
class periods for a class of twenty-five students to
do one module, students working in pairs can
each have one turn at the computer if they
schedule their time at the outset of the module.
Using the CD-ROM's resource manhging capabil-
ity, you will have a very good sense of what
resources you have at your disposal and how to
make the most of them.

. AII GIGI lessons are indexed by word and
by key topic. If your class is studying food
shortages in the Hunger module, you can
key in the word hunger, and immediately
leam where else in the GIGI modules this
word or key topic appears. You can go
directly to those occurrences in the text. You
will also be directed to appropriate Geopedia
references and Brain Teaser activities.
Figures, Maps and Tables from GIGI print
modules do not appear in the CD-ROM.
However, the caption describing each of
them is part of the online text.

. If Spanish is the primary language of your
students, GIGI lessons can be accessed
and printed out in Spanish from the
BGGS CD-ROM. The BGGS Videodiscs
have a Spanish soundtrack as well.

III. BGGS Videodiscs
More than ever before, today's students are
visual leamers. The GIGI modules explore issues
and regions of the world with which many
students are unfamiliar. With this in mind, we
have produced three videodiscs, one to corre-
spond to each of three major strands we have
identified in GIGI: Earth's Enaironment and
Society; Economic Deaelopment; and Global Political
and Cultural Change.

These videodiscs, with English and Spanish
soundtracks, can take you and your class to the
parts of the world you are investigating with the
wave of a barcode wand. Your class will hear
how Amazon native peoples feel about the
exploitation of the tropical rain forests where
they live, witness the eruption of a volcano, and
see first-hand the environmental disasters human
beings have brought about.

The Barcode Guide which accompanies each disc
enables you to access with a light pen or barcode
reader, segments which pertain to the lesson
being investigated. The Guide includes barcodes
in both English and Spanish. Teachers can use
the segments to enrich lessons, and students can
make use of segments to enhance a report or
group presentation.

There is a full-color poster to accompany each
videodisc cluster which engages the students by
asking "How do these images connect to you?"
The posters can provide a colorful springboard
for classroom discussion.
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Memo to the Teacher
from the GIGI Staff

You baue in your hands the GIGI Teacher's Guide. Teaching with
GIGI is a departure from teaching with a conuentional textbook. By
taking the time to study this memo-about 30 minutes-you will
gain a good understanding of the kind of teaching that's needed to be
successful uith GIGI.'We hope you haue a rewarding and enioyable
experience!

Goals

The three major goals of Geographic Inquiry into Global Issues
(GIGI) are to help you teach your students the following:

l. Responsible citizenship
2. Geographic knowledge, skills, and perspectives
3. Critical and reflective thinking

\We believe you can accomplish these goals as well as others by teach-
ing real-world issues. GIGI presents these issues with an inquiry
approach, using the information, concepts, skills, and perspectives of
geography.

GIGI and the Britannica Global Geography System

GIGI offers you two instructional modules for each of ten world
regions (Figure 1 on pages vi and vii). There is no necessary sequence
of modules; each one is independent, so you can use them in any
order you wish or put together smaller clusters of modules to fit your
needs. A leading question frames the issue of each module, and stu-
dent inquiry proceeds through a sequence of lessons, each of which
requires one or more daily periods of class time.

Color photographs at the beginning and end of each Student
DataBook graphically illustrate the topic under inquiry.

Modules typically begin with a broad introduction to the global
issue. Then, a major case study of three to four lessons examines the
issue in a rcal place within the selected world region. Students also
explore, usually in a single lesson, a comparative case study in a
different region, which gives a varrant of the issue and a sense of its
global nature. Modules also bring the students "back home" to focus
on the issue as it may appear in the United States or Canada. 

'We 
do

this because although North America is not one of the 10 GIGI

tv
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regions, frequent comparisons to North America throughout each
module achieve additional instruction on this "home region."

Each GIGI module requires from two to three weeks of teaching
time (10 to 15 class periods of 50 minutes) and contains a Student
DataBook, Teacher's Guide, and Mini-Atlas. These GIGI print mate-
rials are at the heart of the Britannica Global Geography System
(BGGS), which extends and enhances the inquiry approach to real-
world issues with a CD-ROM and three videodiscs.

The BGGS CD-ROM puts the text of the GIGI Student
DataBooks on line in both English and Spanish, then enables both
teacher and students to search the text by lesson, key topic, or
word to find the resources in the system that will enhance each.
GeopediarM, Britannica's multimedia geography program, is provided
in the CD-ROM for follow-up research. It features an atlas with
more than L,000 new maps, an encyclopedia with more than 1",200
geography-related articles, statistical information on every country
from Britannica World Data Annual, a chaftmaker for creating
charts and graphs, a selection of video clips exploring cities and
regions, and an electronic notepad allowing teachers and students to
clip and edit text right on the screen.

Three videodiscs, designed to electronically transport students to
the regions of the world where GIGI case studies are focused, are
another part of the BGGS. The discs emphasize three major strands
of the GIGI investigations Earth's Enuironment and Society,
Economic Deuelopment, and Global Political and Cwhural Change.
Each videodisc has two soundtracks, English and Spanish, and is
accompanied by a Barcode Guide that enables teachers and students
to access the segments that accompany the GIGI lesson with a wave
of the barcode reader. A poster accompanies each videodisc to rein-
force the connnections between your students and the issue being
studied.

A full explanation of the Britannica Global Geography System
components and how they work together is located in the BGGS
overview in the front section of this Teacher's Guide.



VI Geographic Inquiry into Global Issues

Geographic lnquiry into Global lssues (GlGl)
lssues, Leading Questions, and Case Study Locations

South Asia Population and Resources

How does population growth
offect reso u rce avo i I o bi I itv?

Bangladesh
(Haiti)

Religious Conflict*

Where do religious differences
contribute to conflict?

Kashmir
(Northern lreland)

Southeast Asia Sustainable Agriculture

How can the world achieve
su sta i no ble ogricultu re?

Malaysia
(Cameroon, Western United

States)

Human Rights

How is freedom of movement o
bosic humon right?

Cambodia
(Cuba, United States)

fapan Global Economy*

How does trode shape the
globoleconomy?

Japan
(Colombia, United States)

Natural Hazards

Why do the effects of notural
hozards vory from place to
place?

lapan
(Bangladesh, United States)

Former Soviet
Union

Diverslty and
Nationalism*

How do nations cope with
culturql diversity?

Commonwealth of
Independent States

(Brazil, United States)

Environmental Pollution

Whot are the effects of severe
envi ron mentol poll ution?

Aral Sea
(Madagascar, United States)

East Asia Population Growth

How is population growth
to be manoged?

China
(United States)

Political Change

How does political chonge offect
peoples ond ploces?

Hong Kong
(South Korea, Taiwan,

Singapore, Canada)

* Under development

Matrix showing ClCl modules. Ceographic issues are in bold
and leading questions are in italics. Major case study
locations are followed by comparison examples in
parentheses.

Figure 1
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Geographic lnquiry into Global lssues (GIGI)
lssues, Leading Questions, and Case Study Locations

v t l

Australia/
New Zealandl
Pacific Global Climate Change

What could happen if globol
warming occurs?

Australia and New Zealand
(Developing Countries,

U.S. Culf  Coast)

Interdependence*

What ore the causes ond effects
of globol interdependence?

Australia
(Falkland lslands, United States)

North Afrlca/
Southwest Asia Oil and Society*

How hove oil riches chanqed
notions?

Saud iArab ia
(Venezuela, Alaska)

Hunger

Why ore people hungry?
Sudan
(lndia, Canada)

Africa-south
of the Sahara Building New Natlons*

How are nation-stotes built?
Nigeria
(South Nrica, Canada)

Infant and Child Mortality

Why do so mqny children suffer
from poor heqlth?

CentralAfr ica
(United States)

Latin America Urban Growth

What are the couses and
effects of ropid
urbonization and urbqn
growth?

Mexico
(United States)

Development

How does development offect
peoples and ploces?

Amazonia
(Eastern Europe, U.5. Tennessee

Valley)

Europe Regional Integration*

What are the odvontoges of
ond barriers to regional
integrotion?

Europe
(United States, Mexico,

Canada)

Waste Management

Why is woste monogement both
a local ond globalconcern?

Western Europe
(apan, United States)

* Under development

Figure I (continued)
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The Student DataBook contains the following features:
o Memo to the Student from the GIGI Staff
o An overview of the key questions and places explored in the

module
o Lesson oblectives
o Data presented in a variety of forms, including text, maps,

graphs, tables, photographs, and cartoons
o Questions
o Glossary
. References

Students are not expected to learn the GIGI curriculum through
the Student DataBook alone. Rather, they derive meaning from the
DataBook when you use the Teacher's Guide to work through the
curriculum with them. You may want to explain this process to stu-
dents. Point out that you will be directing them to carry out various
activities that are not specified in their text but are important in the
sequence of learning.

Prior to teaching the first lesson, be sure students read the
"Memo to the Student from the GIGI Staff" and the two-page
overview, which gives the module's objectives in question form. Point
out the Glossary and encourage its use as you work through the
module, noting that glossary words are listed at the beginning of
each lesson. So that students will know what they are expected to
learn, they need to read carefully and understand the objectives listed
at the beginning of each lesson.

This Teacher's Guide contains the following sections:
o Preparing to Teach This Module, a synopsis of the module's

leading question, themes, and activities
o Module Objectives
o Number of Days Required to Teach the Module
o Suggestions for Teacher Reading
. Extension Activities and Resources

Most lessons include the following sections:
o Time Required
o Materials Needed
o Glossary'Words
o Getting Started (suggested anticipatory sets)
o Procedures (for group and individual work)
. Modifications for older or younger students (in a

different type face, printed in color)
o Questions and Answers (shown in tinted boxes)
o For Further Inquiry (suggestions for extensions and/or

assessments)
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o Masters of Overhead Transparencies and Activity masters
and keys (located at the back of the Teacher's Guide)

Each module has its own accompanying Mini-Atlas, which pro-
vides four-color maps designed especially for use with that module.
The Teacher's Guide explains how to use these maps. No additional
atlases are required to teach the module, but large wall maps are
highly recommended for your classroom. In addition to the maps in
the Mini-Atlas, you will find numerous maps in the Student
DataBook.

Intended Grade Levels
'We 

believe GIGI enables you to probe global issues in various
degrees of depth. This allows for the modules' use both over several
grade levels (7-12) and over varying lengths of time at a grade level.
The Teacher's Guides suggest alternatives for modifying instruction
for different grade levels where appropriate. The reading level varies
within each module: The Student DataBooks are approximately at
grade 9 level, but some extracts from other sources are more chal-
lenging. These extracts are important because they show students
that many people have contributed to the data, but younger students
may need more time and help to understand them. The Teacher's
Guides also include extension activities and resources that can maxi-
mize the grade-level flexibility of each module. Using the visuals
included in the BGGS videodiscs and the activities built into the
CD-ROM, you can further tailor instruction to your students.
Obviously, you will determine whether particular lessons suit your
students' abilities. 

'Vfhen 
a range of required teaching time is given

for a module, for example, 1,0 to 12 days, the greater amount of time
should be planned for younger students. If you believe a lesson might
be too difficult for your students, eliminate or simplify it. Rarely will
the elimination of a lesson render a module ineffective. On the other
hand, try to utilize the suggested extensions if the lesson does not
adequately challenge your students.

Issues-Based Geographic Inquiry
In order to foster active learning and higher-level thinking, GIGI

stresses issues-based geographic inquiry. Inquiry is essentially the
method of science and of good detective work: It poses questions and
proposes answers about the real world and it tests its answers with
real data. Students do this with GIGI. Because this approach may be
different from what students are familiar with, you may wish to pre-
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pare them by describing the process and its connection to the real
world. Also, their reading and discussion of the "Memo to the
Student from the GIGI Staff" will help them understand the inquiry
approach. GIGI is based on Frances Slater's inquiry activity planning
model (1,993). To reach GIGI's goals, your students study specific
global issues by pursuing answers to geographic questions (Figure 2).
They answer these questions by analyzing and evaluating data, using
geographic methods and skills. This "doing geography" approach
leads to significant outcomes in knowledge, skills, and perspectives.
The progression from questions to generalizations "is crucial as a
structure for activity planning and as a strategy for developing mean-
ing and understanding. Meaning and understanding define the
process of tying little factual knots of information into bigger general
knots so that geography begins to make sense, not as a heap of iso-
lated facts but as a network of ideas and procedures" (Slater 1993,
page 60) .

In truly free inquirS students work independentlS but with GIGI
posing questions and providing data, you and your students explore
the issues together. This approach supports and encourages your stu-
dents in learning geography.

By using issues-based inquirS you promote the development of a
critical perspective in your students. They learn the habits of critical
and reflective thinking. Multiple and opposing positions are inherent

ClCl's model for issues-based geographic inquiry (after
Slater 1993).

Goals

I
I
V

lssues
I
I
V

Geographic Questions

I
V

Methods of Processing + p3t3 .<- Exercise of Skills

I
I
V

Outcomes
I
I
V

Assessment

Figure 2
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in these issues. Facts can be used to support different points of view.
This is the context in which the habits of the critical perspective can
develop, and interpretation is the key activity. \ffith GIGI you foster
these habits and abilities as you help your students interpret data
guided by hypotheses, propositions, arguments, or questions.

An essential element of data-based, issues-oriented inquiry is to
challenge your students by giving them opportunities to

. raise new questions,
o question the quality of the data,
. seek more useful or current data,
o articulate relationships they perceive,
. explain their processes of investigation, and
. defend their positions, decisions, and solutions.

Why These Issues Were Chosen

In planning GIGI, we sought timeless issues that are truly global
in scope and that are of special concern to geographers. In this way,
GIGI fosters what the National Geography Standards calls "the geo-
graphically informed person" needed by modern global citizemy
(Geography Education Standards Project 1,994).

The major case studS chosen to give solid grounding to the issue,
is focused on a region where the issue is clearly expressed. The sec-
ondary case studies, based in other regions including the United
States and Canada, show the global scope of the issue.

It is important to stress that, although GIGI contains a wide selec-
tion of case studies in all major regions (Figure 1) as well as frequent
references to the global distribution of many geographic phenomena,
GIGI is not a traditional regional geography. It does not attempt to
provide basic geographic information for each region, such as one
finds in traditional regional geography textbooks. In teaching a GIGI
module, it is important to keep the emphasis on the issue and not get
distracted with extraneous regional information.

Role of Questions
Each GIGI module is divided into six to eight lessons, each titled

by a question; subquestions head individual sections of the lessons.
Questions guide inquiry in order to merge the process of investiga-
tion with the drawing of conclusions. Directly linking questions and
answers helps achieve an intellectually satisfying understanding of a
problem (Slater L993). When students are asked to learn only conclu-
sions without learning how they are drawn, we perpetuate the tradi-
tion of an answer-centered education bereft of higher-level thinking.
Therefore, it is important that students understand they are not
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always expected to answer the questions when they first appear, but
ruther to keep them in mind as guides when they are reading or
discussing.

GIGI asks both convergent and divergent questions, trying to
reach a balance between the two. Supplement the questions in GIGI
by asking your students many more of the types of questions suggest-
ed by Slater (1,993). These are questions that encourage

. recall,

. classification and ordering,
o the use of data to draw conclusions,
. awareness of the limitations of data or of evaluation of

data, and
. awareness of the processes of reasoning used.

According to the National Geography Standards, the "geographi-
cally informed person applies a comprehensive spatial view of the
world to life situations" (Geography Education Standards Project
1994).In order to foster such a view of the world, GIGI asks
geographic questions that ask where things are and why. By asking
such geographic questions and by having students learn to ask them,
you will reinforce GIGI's approach. A good question to begin with is:
Where is this issue located? Then proceed to questions such as the
following:

. Why does it take place there?

. How and why does this issue affect the people in this place?
o In what other places do people confront this issue?
o How and why are these places related?
o \fhat alternatives do people have to improve their situation,

and which alternatives do vou recommend?

Fundamental Themes of Geography

In recent years, many geography teachers have learned that the
five "fundamental themes" (Joint Committee on Geographic
Education 1,984) help them ask geographic questions. The theme of
Location asks where things are and why things are located where
they are. Place is the theme that inquires into human and physical
characteristics of locations. Human-Environment Interaction exam-
ines how and why humans both adapt to and modify their environ-
ments as well as the consequences of these actions. Movement inves-
tigates not only how and why places are connected but also what is
the significance of those interactions. The theme of Region seeks to
identify and explain similarities and differences among areas and
how and why these form and change. An extended explanation of
the themes and their concepts, interrelationships, and applications is
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given in Hill and McCormick (1989). The themes are useful because
they encourage the kinds of questions required to help students
develop the geographic perspective.

Importance of Local Examples

GIGI is a world geographg but it shows that issues work at varr-
ous geographic scales-personal, local, regional, national, and glob-
al. Because it is sometimes difficult for younger students to identify
with faraway places, success with GIGI in part depends upon the
ability of both you and your students to relate the issues to examples
in your local community.'We strongly recommend that you refer in
class to local examples of the issue being investigated. Just as impor-
tant, we encourage you to have your students conduct local field
studies related to this issue whenever possible. Issues having impor-
tant geographic dimensions abound in every community (see the
Extension Activities and Resources section at the end of this
Teacher's Guide for examples). Peak educational experiences often
come when students see things in the field that relate to their class-
room studies.'We discuss other reasons for local involvement in the
next section.

Familiar people can be as important as familiar places in motivat-
ing students. The quality of personal engagement is at the crux of
successful instruction. Using the BGGS videodisc segments that
accompany most GIGI lessons is a powerful way to help your stu-
dents find relevance by identifying the GIGI issues with real people.
Similarly, you can connect GIGI issues to everyday life at a human
scale, especially at the students' own age levels, by using current
newspaper accounts or magazines that address the student's perspec-
tive.

As you gain familiarity with teaching local examples, as you
develop field exercises for your students, and as you learn how to put
a human face on these materials, you will begin to customize the
GIGI modules to fit your particular environment. Our trial teachers
reported that the more they taught GIGI modules, the more comfort-
able they became in adapting them to fit their needs.

Fostering Optimistic and Constructive Perspectives

The seriousness and complexity of the global issues studied in
GIGI can overwhelm students unless you take care to foster opti-
mistic and constructive perspectives toward issues. "Gloom and
doom" needs to be balanced with examples of success and prospects
for positive change. It is important to help your students develop a
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sense of personal efficacy, an attitude that their actions can make a

difference in solving global problems. The maxim, "Think GloballS

Act Locallg" speaks to the need to help students organize and con-

duct constructive actions that address local variants of the issues they

are studying. As we noted earlier, student involvement in local pro-

jects enriches their educational experience. There is also good evi-

dence that it actually produces an optimistic feeling-that their

actions can make a diiference-to help them deal with the often diffi-

cult and sometimes depressing world issues. GIGI modules often

include lessons and activities to show possibilities for positive action.

Certain perspectives foster student optimism and constructive

behavior. Geography students, especially, should learn to respect

other peoples and lands, and they should come to cherish environ-

menti ,rnity and natural diversity. They should also learn to be skep-

tical about simplistic explanations, such as the theory that attempts

to explain human charaiteristics and actions in terms of the physical

envirbnment alone, which geographers call "environmental determin-

ism.,' Most important, optimistic and constructive perspectives

accompany the development of empathy, tolerance, and open-

mindedness. These traits are fostered by avoiding sexist and racist

language, discouraging ethnocentricitg and challenging stereotypes'

simplistic solutions, and basic assumptions.

References to Data

Unlike most textbooks, GIGI attributes its sources of data with

in-text citations and full reference lists, which is another way of

encouraging the critical perspective. In the Student DataBook, mate-

rial that hai b..n extracted from original sources is indented and

printed in a different typeface. Long extracts are highlighted with

tackground color. Use of these sources helps your students learn that

real people construct ideas and data and that their concepts and

informaiion are not immutable. Instead, they often change through

the critiques and interpretations of various people. By using these

scholarly conventions, we intend to encourage your Students to

appreciate the tentativeness of knowledge and to value scholarship

and academic integrity.

Updating
Real data quickly become obsolete. GIGI addresses this fact by

discussing historical trends of data and by stressing concepts. You

should reinforce this bias for concepts and also freely acknowledge

the datedness of information by explaining why it is still used (for

example, the lags between research and writing and publication and
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use; the lack of more recent data). 
'Whenever 

possible, guide students
to update materials. Britannica's Geopedia, on the BGGS CD-ROM,
contains data based on Encyclopredta Britannica's \forld Data
Annual, which is also available in print form. Have students use
these sources to supplement and update GIGI data.

Assessing Learning

Evaluation of student achievements with GIGI can be focused on
two broad areas. The first is the developing ability of students to
undertake geographic inquiry. The second is the acquisition of
knowledge and perspectives about the module issue.

The ability of students to undertake inquiry in geography can be
related to the primary questions that guide geographical study. They
are noted earlier in this memo. As students work through the mod-
ule, they are likely to become increasingly adept at asking and
answering geographic questions. Seek to extend your students'com-
petence in several clusters of skills that facilitate geographic inquiry.
These clusters include the following:

. Identifying problems and issues. This may be done through
observation, asking questions, brainstorming, reading, and
in other ways.

. Inquiring into the problems and issues in many ways such as
through map reading and interpretation, making surveys,
and using results of surveys done by others.

. Making decisions and taking action, for example, through
reviewing alternatives, establishing priorities and criteria,
and communicating cooperatively with people in other ways.

o Reflecting at all stages of the process of inquiry, especially
through careful consideration of diverse sources of evidence.

Students will acquire knowledge of the module issue as they
make their inquiries. This knowledge can be tested and graded.
Assessments may be based on the following:

. Knowledge and skills shown by work on Activities included
in this Teacher's Guide and on questions in the Student
DataBook.

o Observations of student participation in groups and in class
discussions.

Specific assessment ideas are given at the end of some lessons in
the section called For Further Inquiry. In addition, the Teacher's
Guide ends with Extension Activities and Resources. Some of these
extension activities can serve as authentic assessments.
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Potential Uses

In addition to the flexibility offered by the free-standing nature of
the modules, GIGI has a number of other characteristics that encour-
age widespread use. Modules can be extended and enhanced with the
BGGS CD-ROM, videodiscs, and posters. Because GIGI's issues-
based approach integrates several topics (for example, population,
economic, political, physical, and cultural geography) in a single
module, the modules are not conducive to using an approach in
which topics are taught separately. On the other hand, GIGI may be
used with a world regional approach because there are modules for
each of 10 world regions. A year-long world geography or global
studies course will have more than enough material by using 12 mod-
ules. Five to seven modules may constitute a one-semester, issues-
based geography course covering several regions. You can define
clusters of modules for your own curricular purposes. 

'We 
have iden-

tified three clusters for interdisciplinary studies within the Britannica
Global Geography System, each comprising six or seven GIGI mod-
ules. They are Earth's Enuironment and Society, Economic
Deuelopment, and Global Political and Cultural Change. BGGS
includes a videodisc and poster for each cluster. These strand pack-
ages could well be used in Social and Environmental Studies, Earth
Science, Global Studies, and Area Studies classes. Activities in the
modules also support math, language arts, and arts curricula.

GIGI encourages and facilitates the development of a varrety of
geographic skills that transfer widely into the natural and social sci-
ences. Among these are skills of asking geographic questions and
developing and testing geographic generalizations. These require
other GIGI skills including examining and making a variety of maps;
analyzing photographsl constructing and interpreting graphs and
tables of spatial data; and collecting, interpreting, and presenting
geographic information.

Finally, GIGI promotes a wide variety of linguistic, numeric, oral,
creative, and social skills as well as geographic skills. In particular,
GIGI emphasizes cooperative learning. \7e believe that one of the
great strengths of the GIGI modules is that they give students
practice in both group and individual problem solving. As students
become more familiar with the global issues, they learn that finding
solutions to world problems requires people to work together
cooperatively.

References
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Proiect.
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PnspenrNc To TEACH THrs MoDULE

Global Climate Change

What could happen if global warming occurs?

The potential for global warming may have an impact on society
during your students'lifetimes. The module's main goal is for stu-
dents to realize that action can be taken now to develop policies that
(1) reduce the causes and (2) adapt to the effects of the potential
global warming.

It is assumed that students know that Earth's environment is not
static. Students may also be aware that environmental systems-espe-
cially climate-undergo certain changes over long time scales.
However, such long-term changes neither directly affect society nor
are affected by humans. The focus here is on shorter-term (during the
next 50 years), potentially harmful changes resulting from human
activities. The theme of. Human-Enuironment Interaction is basic to
this module and is stressed in Lesson 1. The lesson also lists the activ-
ities that may be leading to climate change. 

'We 
encourage you to

challenge your students to make a personal connection to this issue
by devising a contract, in which students agree to modify some
aspect of their own life styles for the duration of the module.

Lesson 2 shows evidence for the greenhouse effect and the
increasing concentration of greenhouse gases. The key point is that
these are both well-documented scientific facts. Whether or not an
"enhanced" greenhouse effect will lead to global warming in the next
few decades is not certain. Be sure students grasp the difference
between scientific fact and hypothesis. Lesson 3 provides text detail-
ing why global warming is, at present, only a hypothesis.

Lesson 4 uses Australia and New Zealand to show how human
actions in developed countries cause emissions of the problem gases.
The point here is that many activities in developed countries, some
essential to the life style to which we are accustomed, lead to green-
house-gas emissions. Lesson 5 uses maps derived from global climate
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models to explore the potential soil moisture, and hence, the
agricultural changes that Austraha may experience by 2030.

Lesson 6 emphasizes the global nature of the problem by looking
at how deforestation in the developing world also adds to the prob-
lem. Here it is assumed that your students comprehend the differ-
ences between deueloped and deueloping countries; these terms are
worth reviewing if their meanings are not clear to your class.

The theme of Region is used to describe areas of world economic
development, and perspectives are drawn throughout the module to
the way the issue of global climate change may be perceived by coun-
tries in different regions.

Lesson 7 has a mapping activity to investigate problems that
could occur from raised sea levels in Louisiana. A key objective here
is for students to see that not all societies will be equally capable of
adapting to the problems posed.

With the complexity of the issue in mind, students proceed to
Lesson 8. Four policy strategies for dealing with global warming are
presented. Student groups familiadze themselves with these strategies
and engage in a debate, contrasting the positions of developed regions
to developing regions. Students should recognize the necessity of inter-
national cooperation in addressing this issue. To help give students
faith that they can make a difference, the resolution of their debate
can be communicated to local, state, and national policymakers.

Important Note to Teachers of Grades 7-8: Some material in this
module may be too advanced for the reading level of your students.'We 

suggest three strategies to deal with this, if it arises. First, lead the
class through some of the more challenging material, checking for
comprehension often. This may lengthen the module somewhat.
Second, use cooperative learning groups throughout the module.
Within groups, blend in good readers with poorer readers so students
can help each other. Finally, several lessons lend themselves well to
team-teaching with a science or Earth science class.

Using the BGGS CD-ROM can simplify lesson planning by mak-
ing it easy to access the resources the system provides for each lesson.
It shows exactly which GeopediarM data and learning activities can
be used in long-range and short-term assignments, and which
videodisc clips will provide visual reinforcement for each GIGI les-
son. The CD-ROM can also show you ways in which a lesson in one
module relates to a lesson in another module. And it indicates where
to find every reference in GIGI, GeopediarM, the Mini-Atlas maps,
and the videodiscs to any key topic-for example, "tsunami" or
"Bangladesh." The students will also be able to use the BGGS
CD-ROM for further research and short-term or long-term range
assignments. The BGGS multimedia components and their uses are
explained fully in the tabbed BGGS section in the front of this
Teacher's Guide.
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The following are general modifications recommended for
younger students:

o Plan for fifteen days because the activities will require more
teacher explanation and support.

o Provide directions for homework assignments and monitor
students' understanding and progress.

o Prior to assigning written activities requiring students to draw
conclusions and summarize their findings, ask guiding ques-
tions and develop a sample outline on the chalkboard.

Module Objectives
. Identify the human activities believed to be causing global

warming.
o Locate on a map areas that may experience changes to agri-

cultural and coastal resources due to global warming.
. List examples of the problems in the scientific data used to

predict global warming.
. Identify possible strategies for responding to the issue of glob-

al warming.
o Describe how policy options for dealing with global warming

may differ between developed and developing countries.
o Describe how individuals can help to reduce the threat of

global warming.

Number of Days Required to Teach Global
Climate Change

Approximately fourteen 50-minute class periods (grades 9-1,2).
Grades 7-8 may need a few extra days.

Suggestions for Teacher Reading
Annual Editions: Enuironment. These books reprint nontechnical articles from

many periodicals. Available from The Dushkin Publishing Group, Inc.,
Sluice Dock, Guilford, CT 06437. Also see T. D. Goldfarb, editor (1989),
Taking Sides, from the same publisher.

Flavin, Christopher. 1989. Slowing Global Warming: A Worldwide Strategy.
Worldwatch Paper 91.. Washington, DC:'Sforldwatch Institute. This book
includes an excellent discussion of energy policies, should you wish to
extend the module or combine it with a unit on energy. Cost: $4.00 from
$Torldwatch Institute, 1776 Massachusetts Avenue NSf, Washington, DC
20036.
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The Math and Science Teacher's Hotline (1.-800-877-4777) is a helpful service. If
you have questions about the material, or if student questions stray into
unfamiliar territory, this hotline may be able to give a useful, emergency
response.

National Geographic.1990. Under the sun. October.

Schneider, Stephen H. 1988. Doing something about the weather. 
'World 

Monitor,
December: 28-37. A clearly written summary of the problem from one of
the leading voices in climatology. Includes a good duscussion about the
way climate models operate.

World Resources Institute. 1,990. World Resources 1990-91. New York: Oxford
University Press. In addition to an extensive chapter on the atmosphere
itself, sections throughout the book emphasize how global climate change
is interrelated with other environmental issues, such as deforestation,
coastal planning, and agriculture. Each edition comes out every two years,
updating and summarizing avarlable data on greenhouse-gas emissions.
The'STorld Resources Institute has published a companion teacher's guide
to their 1,990-91, edition, which has more lessons on global climate
change.

Suggestion: Dozens of stories about global warming show up in the popular press.
More will appear like magic if we have more warm summers, as we did in
1988. No single event created as much awareness about the problem as
did that drought. In short: Keep your eyes peeled. And be sure to ask stu-
dents to clip relevant articles that appear while doing the module.



What human activities may cause
Earth's climate to warm up?

watch the weather prediction on the nightly
news and determine, for example, how many
classmates will wear sweaters or coats (per-
haps a cold day) and how many will wear only
light clothes (a hot day).

The predicting group gives you their guess-
es before class begins; you need to compile the
results before class. At the start of class, before
handing out Student DataBooks, ask another
group of students to survey the entire class,
asking how much heavy outer clothing the stu-
dents wore that day. You can then reveal the
predict ions for comparison. I f  the weather
report was correct, then the predictions should
match the survey reasonably well.

Ask the class how the predict ing group
knew what people would wear. This should
illustrate the reliability of short-term weather
forecasts and the idea that people instinctively
grasp that heavy clothing is not a good idea on
a hot day but is on a cold day.

Finall5 ask the class to predict what they
will be wearing one year from today . . . 10
years from today . . . 50 years from today. 

'Will

they know what the weather wi l l  be l ike?
Having established that long-term forecasts of
the weather are uncertain, and having planted
the idea that we adapt to our weather expecta-
tions in certain ways, begin the module.

Procedures

What's the problem? (pages 4-5)
A. Have a student read the opening quote and

text on pages 4-5. This outlines the general
nature of the climate change issue.

W Tirne Required
One 50-minute class period

f f i .Nlaterials Needed
Copies of Activity L for all students

Gl atossan'\{;orcls
carbon dioxide (C02)

chlorofluorocarbons (CFCs)

climate

global warming

greenhouse effect

greenhouse gases

methane (CH4)

nitrous oxide (NrO)

Getting Started
r  Have the  s tudents  read the  Memo to  the

Student and the overview on pages 2-3 in the
Student DataBook prior to beginning the mod-
ule. Also make students aware that there is a
Glossary in the back of their DataBooks.

. To get the class thinking about how humans
adapt to weather conditions, ask five students
to predict  how much heavy outer clothing
other members of the class will wear on the
first day of the module. Arrange this with the
selected group the night before. Ask them to

Global Climate Change
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Which activities are sources of greenhouse

gases? (pages 5-6)

B. Have students pair off and examine the list of

20 human activities and products on page 5'

To gauge student preconceptions, of- the prob-

lem, challenge students to l ist ortly those items

that  contr ibute to greenhouse-gas emiss ions '

After students are done, take a show of hands

on selected activit ies. Tlris l ist includes well-

oublicized sources (such as fossil-fLrel combus-

iion), which students may havc aireacly hcard

ubo.,t, as weil as less obvious soLlirces' inclLrd-

ing deforestation, plzlstic packaging -(common-
ly known by the traclemark Styrofctam), rice

cultivation. and livestock ranchirrg' T'he trick is

that all20 activit ies l istecl arc pi1ffi {)f the prob-

l e r n .
H a v e  a  s t u d c t l f  r c a c J  t h e  c l u o t e  t r o m

Revk in  on  page  6 .  Ask  s tuden ts  t o  exp ia i r r

what  he means.  F i r lphasizc that  tnost  of  thc

activit ies responsible for thc increase itr rlrcctr-

house gases are part al.rcl parccl of or-tr civil iza-

tion. Thr-rs any attempts to cllrtail thcse girses

rney  l t ave  ex t cns i vc  r cpc rc t t r s i o t t s '

Nofe. '  l f  s t r - rderr ts  havc qr ' rest io i ls  i lbout

why these th i r lgs are sources of  grecr- rht luse

gases, refer to the Background Nore that fol-

In*r.-A brief mention of the carbon cycle illus-

trates why burning anything that contains car-

bon-such as coal, oil, natural gas, or trees-

releases CO, into the air (numbers 1-5 on the

list). Methane and nitrous oxide are also pro-

duced by deforestation and fossil-fuel combus-

t ion. (Remind students that fctssi l  fuel  is an

umbrella term for coal, oil, and r-latural gas')
\il/hy items 6-20 on the list are solrrces of these

gases may be less well known. E'xplain these as

r tccdr 'J  to  answcr  s rudcr t l  qucs t ions '

,Ac'tlvLnr'.s rl{AT (;liNllRNr}1

Glttlt ' :Nt loLJSL: GASES

o The Cdrbon cycle (itents 1-.f/: Plants talcc

up COr from the atrnosphere' In photo-

s y n t h ; i s ,  t h e y  c o n v e r t  c a r b o n  i n t o

o rg i rn i c  r l o l cc i l  i es  ( ca rbohyc l ra t cs )  t o

l ror i ld  p lat - t t  t issue.  Buming foss i l  fue ls ,

w h i c h  a r e  c o l l l p o s c d  o f  c o n c e n t r a t e c l

hydroci r rbon remai t rs  of  p larr ts  i rnc l  ant-

mals t l ra t  l ivcd mi l l ions of  years ago,  ox i -

"ffi"

. ,.. ..u.L;

Whtrl lttrtrt lrt l  activit ies

m:r\ ' ( ' i tttsc l itrt lr 's clirrit l tt:

to rvartt l t lP?

. . d i  d o x d t  { c o r )
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dizes the stored carbon, releasing COr.
(The reaction is C*4 + 2O-2 * COz.) Fo1
the past century, the release of carbon to
the atmosphere from human activities has
exceeded the uptake of carbon by vegeta-
tion and the oceans. As a result, carbon
dioxide has been accumulat ing in the
atmosphere (Brown and Postel 1,987).
Coal mining and natural gas transport:
Methane is released during the produc-
tion processes of coal and natural gas.
Rice cubiuation and landfills: Methane is
produced under anaerobic (oxygen-free)
conditions, which occur under water (rice
paddies) or under landfills.
Termites and liuestock; Anaerobic bacte-
r ia in these herbivores'  guts digest the
p lan ts '  ce l lu lose ,  p roduc ing  methane.
C a t t l e ,  s h e e p ,  a n d  g o a t s  r e l e a s e  t h e
methane via belches and flatulence (stu-
dents will love this). As livestock popula-
tions increase, so does methane emission.
As for termites, evidence suggests their
populations are exploding in the deforest-
ed tropics.
Cement: Limestone is the main ingredient
in cement. To produce cement) Iimestone

is subjected to intense heat,  releasing
COr, because limestone is composed of
carbonate minerals.
Fertil izer: Nitrogen-based fertil izers are
used widely in industr ial  agr icul ture.
Some 10 percent of the NrO emitted into
the atmosphere comes from chemical
reactions of these fertilizers with soil.
Nylon: Nitrous oxide is used to manufac-
ture nylon, a plastic used not only for
clothing but also for tires, carpets, and
other items.
Refrigerators and air conditioners: CFCs
are the main ingredients in these devices'
coolant systems. Unless CFCs are cap-
tured and recycled when air conditioners
and refrigerators are repaired or junked,
they escape into the atmosphere.
Foam packaging, cwshions, and inswla-
t ion: CFCs are the chemical blowing
agents that produce the rigid- or flexible-
cell structure of these plastic foams.
Cleaning soluents: Some CFCs are highly
effective degreasers and solvents used in
the manufacture of high-tech items, such
as computer chips, where even the tiniest
impurity can ruin the product.

Do yon dirkrht wfteri probr6lyrigli? Why orwhynot?

sinc.9ra.nhouse giler ar. chlellt the rcsu[ol huhan indur

r y a n d a g i l c u l t u r e , i t k n o t a n e x a q q e r a t i o n t o e y t h i l c i v i D a n o n
bel k the uitmare.au5e of9lobal warming (Revkn 1933).

What (an one perron do about

the problem?
How many greenhouseBrses does your own family rcbrse each

year? Usc thc infordation your t.achd providcs to calculatc how
nucb yonr family emits. conprre your 6mily! amonnt io rhe
United sr,tesrvenge and to howmuch tconsideiedeach peNont

Addlng up the coryou spew

Americans genemle 13.4 toni ofcoz perpe6on, botrhattig-
ure b mkleading beeu5e it lumpstogethergovemmen! indu{ri
a, corporate, and peEond production ol COr. Unle$ you are
D o n J d  I ' r r p ,  y o r '  r o b r , h o r  d  b e , ' 9 '  r '  d a l )  1 p . . . . . .

To put thh ln perp{rlvq wdildw da € arss ol co? lmn lon
iiLfuel.ombu*ion a.e.urcntr 22 bil ion tons pd year Exp.ds
lh nk that *abi izng the climate wll rcqute da5hlng that in ha[
b l l bil l ion tons, Be.auie the pianett popu *on b now d ghtv
more than s bi l ion, €a.h peront rghtru ihare d co? €mLionr
6 aboutrwo rons annuJly(Uda | 1939, page ll).

d*d d-," d*s, tllti:t1{,'ll"

lryou th[rk rhs your fr 'nily k e'nttinB morc Brdcnhousc sascs
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Actions individuak can take
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. Plxnr Fc.s. Aia$-growingreccxn r.cycle43 pounds of
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insvlys aDd inyrhingwnh lorm prckrsins).
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lUdil l 1989).

orerrhenextseverll weeks. you wil l seethdslobal warnins
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u s n * i n s r p e r u o n a l c h o i c e r b o D t l o w i o l i v e o u r l i v c s ,
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What can one person do about the
probfem? (pages 6-7)

C. Prior to the calculation activity (Activity 1),
read aloud, "Adding up the CO, you spew"
on page 6. The actual exercise of adding up
one's family's contributions requires prepara-
tion. Give students this Activity on the first
day ol the module to allow them time to gath-
er the data. Students should ask their parents
for a copy of any month's utility bill and for
the other information needed before this activ-
i ty is done in class. Col lect and discuss the
Activities after students have had a few days to
complete i t .  [The monthly totals of gas and
e l e c t r i c  u s e  m u s t  b e  c o n v e r t e d  t o  a n n u a l
numbers  (mu l t ip ly  by  12) .  Th is  i sn ' t  s t r i c t l y
accurate, but then this is only a rough est i -
mate. For most U.5. famil ies, even the most
consc ien t ious ,  the  per  cap i ta  emiss ions  are
l ikely to be far higher than a global mean of
two tons per person.]

This ca lcu lat ion exerc ise may be more
than younger students can handle. l f  so,
skip it or go through the steps with your
own fomily's data. Many personal activities

l isted (such as driving less often) are clear-
ly inappropriate for younger students as
wel l .

Read the list, "Actions individuals can take"
on page 7. Challenge the class to come up with
more suggestions that individual citizens can
do to save energy and thereby reduce green-
house-gas emissions. [Turning out l ights;  turn-
ing down the thermostat in winter and wear-
ing warmer clothes indoors, etc. ]

Have students read the closing paragraphs,
"Think globally; act locally." Challenge each
student to undertake a personal behavior con-
tract. Ask them to try to reduce or eliminate
(as much as possible) those activities that emit
greenhouse gases. This might mean taking
shorter showers, starting to recycle newspa-
pers, or riding a bike to school instead of dri-
ving. Contracts can take the form of signed
agreements. After the period of the contract
(perhaps a week or two, as Iong as the module
las ts ) .  s tudents  shou ld  eva lua te  what  the
impact on his or her life has been and whether
she or he plans to continue these changes.

D.

E.

Geographic Inquiry into Global Issues



Is the greenhouse effect
a fact or a theory?

Procedures

What is the greenhouse effect? (pages 8-11)

This  wi l l  be a rev iew for  s tudents who
know the basics of the greenhouse effect.
More t ime may be needed for younger
s tuden ts ,  pe rhaps  two  f u l l  pe r i ods .
Consider co-teaching this part of the les-
son with a science class. lt may help if the
science teacher explains the concepts of
longwave and shortwave radiation.

W Tirne Required
Three SO-minute class periods. Younger stu-
dents may need an ex:ra day if the scientific
concepts are unfamiliar.

W Materials Needed
Copies of Activity 2 for aII students
Transparency of Overhead 1

O Gl .tossar)/ Words
carbon dioxide (C02)

chlorofluorocarbons (CFCs)

enhanced greenhouse effect

global warming

greenhouse effect

greenhouse gases

longwave radiation

methane (CH4)

nitrous oxide (NrO)

shortwave radiation

a

t|l\,"*,lllt ***n, ,*. ^. ,tna **,

ft]ffi*"d@,,*.u'm#!
Is the greenhouse effect

a fact or a theory?

W-*ffi*
What ls the greenhoure effect?

Earth!slobalaveosetemperatue t oscd by, (1) $nlisnt
reeired;12) sunlishrrerecred;a.d 13) hedeneiBy narpcd and re,
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A.

tt.

Have students read the text  on pages B-9.

Figure 1 on page 10 provides a graphic sum-

mary of the process described in this text. You

may wish to have students, working in pairs,

write in their own words a description of the

greenhouse effect, based on the text and figure.

Emphasize that the greenhouse effect is not a

theo ry ,  bu t  a  sc ien t i f i c  f ac t  suppo r ted  by

empirical evidence. This evidence is described

in Table 1 on page 9. To analyze this evidence,

it may help to have the class speculate:-Why is

Venws hotter than Earth? Students may share

the popular misconception that Venus is hotter

than Earth because it is nearer to the sun' In

fact  the actual  sur face temperatures of  the

planets are related more to their atmospheres'

abil it ies to trap longwave radiation (heat) than

to their distance from the sun.
Have students compare the "Surface tem-

perature without a greenhouse effect" column

.2.,,119,r:%ill9,l

for the three planets. This figure is what the
temperature would be i f  temperature were
control led only by the amount of sunl ight
received and reflected (as in the top diagram
on Figure 1).  Venus receives more sunl ight
than Earth, which receives more than Mars (a
function of distance from the sun). But much
more sunlight is reflected by Venus than by
either Earth or Mars (which is why Venus is so
bright). If the planets did not differ in their
ability to trap heat, Venus would actually be
about 22"C colder than Earth. But, as Table 1
shows, the planets have very di f ferent heat-
trapping abilities, accounting for their actual
temperatures. The extract "The Goldi locks
Phenomenon"  on  page 11  summar izes  th is .
Discuss Questions 1-2.

Note: To help students with temperature
references, a comparison of the Celsius and
Fahrenheit scales is provided as Overhead L.
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ii;::,llrlrilltl. iiiir,,il rt:l 1 r,,. ,.ii .r"l]
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..,.,ll11!:l
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temP€rature. Diaqram
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li i iJn-a.-" r,"-i sl,q i6

N,trr lhl i l ic rdtrrps.ftr , '  r"uil h! n{ ( ,.1 tL,dn 4 drrf.

lvrL! nosrc(i l[.u'ccar..r, nil1,s, i i lL]; trmosfh. s I .!t1l d.

lm!r'r 'r rrl tr(,,. [n's \e"trj( idtri l l) hr (iJ. rrr I rdr,.vri

ibush n s J,\d !) at {rtr. V'hr: &\n [nos f.tL!.. !) rrunr

. l  i i s  n r r o m t r [  \ t r r I A I r ' f h r ' ! , v h f  I  I  s ]  h i i A b r  r  D ' s h t  ( , f  r D r !

i l i .k rossbLilunNJh,,.s n, n,r rduil \f L*. M,frruu, [rnrl

. r d l r r i l h c i l  r n p t o A i 6 d n r . i . . r ( [  r l . d d  r v . r i . r i l ] u ! t r h r  I
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{i.nssfulohotr! ( [d.

T i h k .  I  T h e g r e e n h o u 5 c o f f . . t o n  t r r € e p a n e a
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What gaser (aus€ the greenhoure effed?
carbon dioxide lcol) and water vapor arent the only sleen-

house safs in Eaah!.rnosphete. Two orher imponint sreenhouse
Fs de ndhane (cH4),nd chloofl uooc.rbo.s (cFG), carbon
dioxid. and d.rhan.coh. i ion borhnatuftlsourccs and hudan
acivit ies. CFCS arerynihcticAase tbarbcsan beinsnanutadurd m
ihe 1940s-Theyareused inrGigerarion,ioamplcklging, and nany
other producis. %ter vapor mrinly conres Iion evaporarion of dre

Threeslss-Cor, @a, and ClcFaccoulrfor about 86pe!
ent ofall human sleenhous€-s.s enbsioos, Orhe! sreenhouse s.ss,
.n.l ld.ns niror" ox.de /NrOr. rer(,enr rhe remr,n.ns orrl ofrborr
14 ps.enrof t l hum,n sRnholle s. emi ions qoid Rsou'ccs
In$itute 1990r Shea 1988).

The anou nb of al I thec sa ss have incra3ed sinc. the hd uiial
Rdolurion b€an (Tible 2 on pase 12), Conentations of gases h
t h .  d m c p h . E a . B ' v e n  ' n  _ p d $ F '  b i l l  o r . ' f o '  c o n p d i ' s o n ,
remenberilatPr,,,.dertu ipaft perhundrd." whlt js a "part

{]lffiF ***,ry,.-"",,*.,,
pe! bil l ion"l Thi* ofn in sevcral w.ys, On. inch out of 16,000
E i l c s e q u a b o n e p i ( p e r b i l l i o n , O n e s e c o n d o u r o f  3 2 y e . s e q u a b
o!. paa per bil l ion,!aas pe! bil l ion Naysee'n exF.mcly smrll, but
i ! & r m o i t h c s r c e n h o u s e e i f t d , t h i l t d l n h k 6 f o r t h s . F s s i o

tap sisnil icant i lnouns of lonswrv. hear en.rsr

T.ble 2 icea3er olgreenho4e ga, amounb
in Eafrh! atmosphere, 1850-2030
(parts per bi l ion ol atmosphere volum€)
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What gases cause the greenhouse effect?

(pages  11 -13 )

C. This part of the lesson shifts to the idea of the

enhanced greenhouse effect' The text on pages

11'-1'2 nui., the four major trace greenhouse

gases. No/e: A fifth greenhouse gas,. ozone in D'

ih" lo*". atmosphere (troposphere), is not dis-

cussed in this module. Its discussion may con-

fuse students, who must differentiate between

tropospheric ozone (a dangerous pollutant and

grelrrhurrs" gas) and stratospheric ozone (the

f,eneficial layer in the upper atmosphere that

blocks ultraviolet radiation)'
Clar i fy the meanin g of parts per bi l l ion

(ppb) and parts l )er mi l l ion (pp-) '  Compare

th.r. *.orures of concentration with the more

familiar Parts per hundred (percent)' Note that

1,000 ppb = 1 pprn. Tlre text on pages 11-L2

giu.t n i"* e*otoptles to help' Note that some

iollutants have such low concentrations that it

i s  on ly  poss ib le  to  t reasure  them in  ppm or

ppb, but that doesr-r ' t  tnean fhe am<lunts are

insignificant. Point out that some elements are

tox ic  at  ext remely low concentrat lons (e 'g ' '

olutonium). Greenhouse gases effectively trap

iong*"u.  radiat ion even at  low concentra-

t10ns.

Have students describe
12 shows.

what Table 2 on Page

Pass out ActivitY

2 and have students graph concentrations for

C O ,  f o r  1 8 5 0  ( r e p r e s e n t i n g  p r e i n d u s t r i a l

tmel),  1980,1990, and 2030. Students should

then answer Questions 3-6.

Older students can do more analysis on

T a b l e  2 .  S t u d e n t s  c o u l d  g r a p h  a l l  f o u r

gases and calculate the percentage rate of

o rowth  fo r  each '

4 .

Questiotts and Answers for page 1"3

3 .  o n y o u r g r a p h o f t h e c o r d a t a , w h i c h l i n e s e g m e n t i s s t e e p e r : t h e s e g m e n t f o r l B 5 0 - 1 9 B 0 o r
rhe segment ro, rysg*i9t'oiw|t"t does the.lin,,g. indicate? How does the segment for

1g90-2030compare to the other two ,.g-.r1tr-is it steeper or more gradual? \rhat does this

show you? \fhY is this irnPortant?

1990-2030 is the steepest, followed by the period

(see Key for ActiuitY 2).

. Steeper line segments on the graph indicate more rapid growth' The graph demonstrates

that the r"r. oi growth for Cbris increasing. Students should be able to compare

qualitatiuelythJtrends in the dther gur., nrid conclude that the pattern is roughly similar'

5. The 1850 concentrations are probably similar to what the atmosphere contained before the

Industrial Revolution. All these "preindustrial" concentrations are estimates' except for the

CFCs.Howdoweknowthe i rp re indus t r ia lconcent ra t ionwaszero?

o We know the preindustrial concentration of CFCs 'was zero because they were invented

the 1940s.

6. \7hat would you most like to know about these trends?

r Answers here will vary. The question we hope students will ask' of course, is: "\(hy are

these gases increasing? "

r In rank order, the line segment trom

1980*1990,  and f ina l lg  1850-1980

What conclusion can You draw about

similar to or different from the trends
rhe trend in the rate of growth of carbon dioxide? ls it

for the other gases?

Geographic Inquiry into Global Issues



What effect will an increase in greenhouse
gases have? (pages 13-16)

E. Review material covered so far. By this point,
students should see that the greenhouse effect
itself is an accepted fact. It is also established
that the amounts of greenhouse gases are
increasing. The final sections of the lesson get
into speculation. The scientific controversy
arises when the accepted facts are used to
hypothesize the likelihood of global warming.
In sum, greenhouse effect = scientific fact;
global warming = scientific hypothesis. Tell
students to think of themselves as jurors judg-
ing evidence at a trial as they go through the
following activities.

Have students read "Ice-core data l ink
atmospheric CO, and global temperature" on
page 14, which explains how the data shown
in Figure 2 were obtained. Note that the same
ice-core samples were used to calculate both
the prehistoric temperatures and CO, concen-
trations. Discuss Questions 7-9.

a a .

.a,",*"o-" ,${ii!!g

What effed wll l an Increase In grcenhoose

gases have?

Thcsicanhotrsecffsct.auscs oanhto bswdrmer than n would bc
if n bad no rtmospherc, Also, the.oncentiations olsrccnhousc sases
have bcen incrersinB *eidily silce the nidrl i leteenrh century The*
d r  s i n t i t i c h G

B u t v i l l E a r h B c t w r r n e r r s t h e i n n o s p h e r e t a p r h o r e a n d
more head wil l Exrih!atnosphere re{didteso tou.b heat baclto

t h e s u d r c e i l i t d , r w h o l c r h n c i h e r h u p ?  M i t r y s c i e n i b t s i h i n k i h t
i r w i l l - r h . y c r l l r h i i h e " c D M n c . d " s r c e n h o u s e . f f . c i . 1 . L y F t h -

6t, orthcory th* ftccnhincd srccnhols. di.d wil l c.u,eDdh
to h6r up n qltd slobrl warmins. vhat cvidencc suppo.s tht

,_4sseatr,"*eq&ffiffffi,Wwj|liliw

EE ,,,

i i  a o

E l  2 2 o
i f ;
! E  ? 0 0
t i

5;  , *

! o  .
r :
F j  " '
r  i  ' "

Et  ro .o

Flgur. 2 Lo.gi€rm hends of globa temperature and atmospheilc
.arbon dioxlde s.ale on bottom graph shows the
temperature ditrer€nce ffom the prcsent av€fage
temperature (that k, the graph d€lines ihe prcrent ave€ge
tempsilurc6zeo).

How much global warming is forecast for
the tuenty-f irst century?

%ai if ine .nount of srbon dioxide in tie arnosplec conrin-
ues to grow at ts prsent nte? If rhi l,ppens, it wil l & i/ i .e as
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Questions and Answers for page 14

7. How does the concentration of carbon dioxide projected for 2030 (Table 2) compare to its

concentrations during the past 160,000 years (Figure 2)?

. By comparing Figure 2 with Tab\e 2, students can discover that the concentration of
carbon dioxide forecast for the twenty-first century (450 ppm) will be much higher than
anything experienced on Earth in the last 160,000 years (280 ppm).

B. According to Figure 2, what seems to be the relationship between long-term global

temperature and atmospheric carbon dioxide concentration?

. On Figure 2, students should note the close historical correspondence between changes in
CO, concentration and surface temperature. Both seem to change together.

9. Do you think changes in CO, caused the changes in temperature? Or could temperature
changes have caused the changes in COr? Can you figure this out from the information in

Figure 2, or do you need additional data?

r This question may be too difficult for younger students. Because of the rough time scale of
the graph, there is no way to tell from this grapb whether increased concentrations of CO,
actually cause warmer temperatures. This is really only a correlation (variables are related,
but causality is not implied). Students ought to recognize, however, that because carbon
dioxide is known to contribute to the greenhouse effect, it is likely that increases of CO,
have historically triggered warmer temperatures.

If students ask why CO, has fluctuated historically, it is related to the expansion and

contraction of glaciers during the Ice Ages. As glaciers expand, there is less vegetatiort on

land to absor:b COr, so the amount of the gas in the atmosphere increases. This leads to
increased temperatures, which reduces the size of glaciers. As glaciers shrink, more land is

exposed and vegetation returns. More atmospheric CO, is absorbed, decreasing the
concentration of the gas in the atmosphere.

Have str,rdents read the text on pages 15-16.

Discuss Questions 10-11 with the class.

10 Geographic Inquiry into Global Issues



10 .

Questions and Answers for page 16

In what ways could such rapid rates of warming pose a problem for human society? For
p lan ts  and an imals?

o In societS clothing and housing, and sometimes social activities, are often geared to
climatic concerns. Humans are generally capable of rapid adaptation to such changes
because they can adapt culturally. But for other species, which are ecologically adapted to
the modern climate, rapid change may be impossible.

How could humans adapt to such a change?

r This question can be left as an open question for discussion or thought, or assigned as a
homework writing assignment. In discussion, you might plant the idea that some strategies
for adapting to warmer climates (e.g., moving to a more comfortable climate or using air
condit ic l rr ing) require nroney.

1 1
1 t .

Has global warming already begun?
(pages'17-'18)

G. The f ina l  sect ion of  the lessor-r  g ives ev idence
that the warming has begr"rn (Figure 3 on page
17).  Discuss Quest ions 12-14 wi th the c lass.
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I Questions and Answers for page 1.7

By about how many degrees has the average temperature of each
1  8 5 0 ?

. Since 1850, average temperatures have increased between 0.5

hemisphere increased since

and 1.0"C.

1.2.

n a
t -

1 4 .

By about how many degrees have the average temperatures increased since L9B0?

. Since 1980, average temperatures have increased about 0.3"C.

Have the average temperatures ever decreased by as much as they have increased since 1980?
When?

. Yes, there have been periods where as much cooling took place as the warming that
occurred since 1 9 80. (For example, 1 B B0-1 8 90; 1900-1.9 L0; 1.940*19 60.)

,ulll,l,ll, ,,,,iii
,lll:111i:l:,,,,

. ,.tilitt::lttr,, .,
eaL':::::t:

H. End the lesson by asking students, the jurors,
the closing quest ions on page 18, to get stu-
dent opinion whether these data are proof that
a global warming trend has begun. )" '

, .  .  :
.  ,  ,  

: .  I  . 1 . : _  :  . :

' t : :  
- i  .  : r  I  i l
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Is global warming unAvoidable?

O Gl .tossar)/ words

@ Tirne Required
One 5O-minute class period

W Materials Needed
Two cardboard boxes
Two high-powered lights
Two thermometers
A large sheet of heavy paper (big enough

to cover a box)
Cotton
A large jar of water

carbon dioxide 1C02)

chlorofluorocarbons ( CFCs)

climate models

global warming

greenhouse effect

greenhouse gases

longwave radiation

methane (CH4)

Getting Started
This lesson summarizes the scientific debate
about global warming. Remind students of the
points made in Lesson 2: There is scientific
verification of the greenhouse effect and care-
ful measurements have shown that greenhouse
gases are increasing. Whether this will lead to
global warming remains controversial. In this

lesson, students will read three major criti-
cisms of the computer models used to make
c l imate  change fo recas ts .  The two s imp le
demonstrations that follow may help illustrate
these critiques. These demonstrations can be
coordinated with a science class for younger
students. To make this more of a hands-on
project, select some students to conduct the
demonstrations.

Demonstration I
The f i rst  cr i t ic ism is that the models don' t

account for how clouds affect temperature. To
show the effect of clouds, set up one cardboard
box with a light shining directly into it (represent-
ing the sun). Use a thermometer to record the tem-
perature inside the box (let the box heat up a bit
before starting). On the other box, place the heavy
paper with the cotton-ball "clouds" glued onto it
be tween the  thermometer  and the  l igh t .  The
"clouds" will block the "sun," keeping the temper-
ature inside the box lower. This demonstrates that
cloudiness can reflect incoming radiation.

Demonstration 2
The second major criticism of the computer

climate models is that they don't accurately repre-
sent the influence of oceans on global tempera-
tures. Again, you need the two cardboard boxes,
the two high-powered lights, and the two ther-
mometers. Also, you need a large jar containing
water, which must be at room temperature.

To show how water moderates temperatures,
set up a control box, with just the thermometer
and light, which in this case represents sunlight
striking a land surface. In the other box, place the
thermometer inside the room-temperature jar of
water. The temperature should not increase in this

Global Climate Change 13



box as rapidly as it does in the box representing a
land surface, mirroring how the oceans act as a
heat "sink."

With these two demonstrations fresh in their
minds, students may be able to understand what
rhe  mode ls '  c r i t i cs  a re  say ing .

What is the scientif ic controversy about
globaf warming? (pages 19-20)
A. Have students read this text, which introduces

the reasons for t l-re scientif ic uncertaintv.

What are the f laws in the computerized cl i-
mate models? (pages 20-23)
B. Divide the class into srnall  groups. Each person

in a group will be responsible for reading one

Geographic Inquiry into Global Issues

of the three sections: Criticism A about clouds,
Cri t ic ism B about oceans, and Cri t ic ism C
about data inconsistencies. \X/ithin each group,
each student reads one of the criticisms and
becomes an "expert" on his or her topic. That
student then br iefs the others in the group.
Each expert plays the role of teacher within
the group, explaining the material and asking
t h e  q u e s t i o n s  t h a t  f o l l o w  e a c h  s e c t i o n .
Together, the student grollps work to answer
the questions. Suggested answers follow. If you
wish, reconvene the entire class at the end and
r l low t in re  fo r  d iscuss io r r .

Cri t ic ism C is tougher than the others, in
part  because i t  covers a lot  of  ground. l f
the reading level is above your class, skrp
this sect ion Students can simply discuss
the f i rst  two cr i t ioues.
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Questiotrs and Answers for pages 21*23

1. Note that clouds can both reflect light and hold surface heat. Explain how these two effects
might counteract one another.

. Criticism A (Clouds): Reflecting clouds act to cool the planet by cutting down the incident
sunlight, so there is less longwave radiated by the planet. And, like other greenhouse gases,
water vapor in clouds acts to trap heat by absorbing and reradiating longwave radiation.

2-3. Summarize Criticism A in one or two sentences. What would be a good title for Criticism A?
whv?
o Summaries and names of the criticism will vary.

4. You read that water takes a longer time to heat up than air does. Think of an example to
show that water temperatures are usually cooler than air temperatures.

o Criticism B (Oceans): Possible examples of how water takes longer to heat up than air
include a swimming pool being colder than the air on a hot day (or lakes, the ocean, etc.).

5-6. Surnmarize Criticism B in one or two sentences.'lfhat would be a good title for Criticism B?
\fhy?

o Summaries and names of the criticism will vary.

7. Sulfur dioxide is known as a major source of acid rain. If Criticism C is correct about the
effect of this substance on global warming, should it stil l be considered a pollutant? \7hy do
you think as you do?

. Criticism C (Data inconsistencies):The question really has no correct answer and is open
for group discussion. One point that should emerge is how complex modeling the
atmosphere really is, because we don't yet know how all of its various chemical
components interact. Thus, chemicals that do harm in one arena) such as sulfur dioxide,
may also actually counteract warming.

8-9. Summarize Criticism C in one or two sentences.'What would be a good title for Criticism C?
whv?
o Summaries and names of the criticism will vary.

Lesson summary (page 24)

C.  S tudents  shou ld  read the  tex t  on  page 24 .

Questions 10-11 can form the basis for ciass
discussion, or groups can try to reach a con-
sensus, which could be part of their reports.

Have students decide whether waiting for cer-
tainty is best or if the problem is worth acting
on immediately. If you wish, ask students to
wri te a short  essay explaining the rat ionale
beh ind  the i r  op in ions .

16 Geographic Inquiry into Global Issues



I Answers will vary.
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carbon d iox ide (CO2)

chlorofluorocarbons (CFCs )

deforestation

developed country

greenhouse gases

methane (CH4)

Introduce the module's major case study by
asking students which of the 20 activities listed
on page 6 in Lesson 1 might be engaged in by
Australians or New Zealanders.

Suggestion: Show a video that il lustrates
what  l i fe  i s  l i ke  in  Aus t ra l ia .  Poss ib i l i t i es
inc lude the  ins ta l lmenr  on  Aus t ra l ia  f rom
Global Geography; a program from lJational
G e o g r a p h i c  e n t i t l e d  " T h e  C o n t i n e n t s -
Aus t ra l ia " l  o r  even any  t rave l  v ideo about
Australia or New Zealand.

18 Geographic Inquiry into Glctbal Issues
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Discuss how Austra l ian l i fe  is  s imi lar  to  that  in
the  Un i ted  S ta tes .  S tuden ts  shou ld  see  tha r
Australia arrd New Zealand :lre cconomically
sirnilar to the United States. It is apprcpriate to
use Ar"rstralia and New Zealand as case stucl-
i es ,  because  (as  s tuden ts  w i l l  d i scove r )  t hey
have  among  the  wor ld ' s  h ig l - res t  pe r  pe rso l l
emiss ions of  greenhoLlse gerses.  Two reasons
for  th is  emerge in th is  lesson:  (1)  As indr , rs t r ia l
nations, Australia ancl New Zealancl Lrse rrany
of the same prodr-rcts :rnc'l processes tl-rat the
United States does; and (2) Ar-rstralia irr-rc1 New
Zea land  re l y  heav i l y  o r r  l i ves toc l<  ranch rng .
T h e  d a t a  i n  t h e  l e s s o n  e m p h a s i z e  t h a t
Austra l ia  and New Zeala.nd typ i fy  devcloped
coul ' r t r ies in  that  they contr ibute s igni f icant ly
to g; reenhouse-gas emiss ions.  Be sure students
recognize that, as cit izens of the United States,
they may face m:rny of the problems associated
with climate change that are described for the
case str-rdy.

Figure 4 on page 26 summar:izes the source of
greenhouse gases by act iv i ty.  Have students
evaluate this il lustration. They si-rould see that
energy accounts for about half of the ernissions
and industrial processes accoLrnt for about 25
percent.

B e f o r e  g o i n g  o n ,  b e  s u r e  s t u d e n t s  a r e
f a m i l i a r  w i t h  t h e  c o n c e p r u a l  d i f f e r e n c e
between deueloped and deuelopirzg countries,
and have students give eramples of places that
f i t  each category. Ask whether rhe act iv i t ies
shown in Figure 4 are more likely to be found
in  deve loped or  deve lop ing  count r ies .
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Two 50-minute class oeriods

Colored pencils (some dark
light shades)

Copies of Activities 3 and 4
group of students

Mini-Atlas map I
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Which world regions emit  the most carbon
dioxide? (pages 27-28)

B.  D iv ide  the  c lass  in to  coopera t ive  learn ing
groups of about four students each for the
duration of the lesson. Have each group work
independently with Figure 5 on page 27 and
Table 3 and answer Questions 1-3 on page 28.
Pass out copies of Activity 3 to each group as
well. One group member should be designated
as recorder, and another can be chosen to plot
the graph on the Activity.

Explain the concept of the "fair share" line
on Activity 3. The idea is that if each region
used the same proportion of energy as it had
of  the  wor ld 's  peop le ,  you  wou ld  ge t  the
straight line shown on Activity 3 (e.9., 25 per-
cent of world population uses 25 percent of
world energy, and so on).

To compare the proportions of energy use
and populat ion by region, have each group
p lo t  a  sca t te rgram o f  the  two percentage
columns given in Table 3 on page 28. To do
this, a dot should be placed on the graph at the
(x, y) coordinates, where the x-axis is the per-
cent of world population and the y-axis is the
percent of world energy use. Groups should
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How do developed countries
add greenhouse gnses?

#:ffi

Whi(h  wor ld  reg ions  emi t  thc  moi t
€ar l 'on  d io r ide?
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Questions and Answers for page 28

1. Use Figure 5 to determine what percentage of world energy use relies on fossil fuels. What

percentage of Awstralian energy use does?

. Figure 5 shows rhe percentages of fossil-fuel based energS which is the sum of everything

but nuclear and renewable sources (78 percent for world; 96 percent in Australia).

3 .

Table 3 shows how world energy consumption varies by region. Which four regions consume

the ntost energy? Which four regions the least?

. The most energy is consnmed in the United States, Europe, the former Soviet Union, and

East Asia. Australia, Southeast Asia, South Asia, and sub-Saharan Africa use the least, in

terms of the absolute quantity of consumption.

Do you conclucle that the regions usirrg the most energy emit the most carbon dioxide from

burning fossil fuels? Explain your answer.

r Because fossil fuels are the source for most of the world's energy, it is fair to conclude that

the regions that use the rnost energy also contribute the bulk of energy-related greenhouse

gases.

then decide which rcgions :rrc usit-lg tlore than
their fair share of encrgy (:rncl wlrich less) and
draw c i rc les  a rou t rd  the  po in ts  accord ing ly .
One possiblc grouping is showlt on the Kcy for
Act iL, i ty . j .

Which countries emit the most CFCs?
(page 29)
C. Now have the student groups examine F'igure

6 and answer Quest ions 4-5.  Note that  the

data are on CFC consumption, rlot on etris-

sions, per se. It is assumed, however, that these

are closely related.

2 .
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4.

5 .

Questions and Answers for page 29

\7hat is the approximate total percentage of world CFC consumption from developed
countr ies ?

. Approximately B5 percent of CFCs are consumed by rhe countries classified as more
developed in Activity 3 (countries A-C in the key on Figure 6).

Why are most CFCs emitted by developed countries with industries?

e Industrialized or developed countries use the most CFCs because these synthetic chemicals
are employed primarily in industrial manufacturing processes, such as cleaning electronic
microcircuits and manufacturing plastic foams used in packaging and insulation.
Developed countries also have more refrigerators, air-conditioning systems, and so forth.
(Most developed nations, however, have already banned CFCs as aerosol propellants and
have commited to reducing CFC use in other applications.)

Which countries emit the most methane?
(page 30)
D. Have stlrdent grolrps examine Table 4 to dis-

cover the importance of l ivestock ranching in

Australia and New Zealand. Distribute Mini-
Atlas map 1 of world cattle and sheep distribu-
t i o n  t o  e i r c h  g r o r - r p  t o  h e l p  t h e r n  w i t h
Quest ions 6-8.
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Questions and Answers for page 30

6' Why do Australia and New Zealand havesuch relatively high numbers of cattle and sheep?
Think about what these animals are used for.
' The key conclusion from these data is that Australia and New Zealandhave far

livestock than their own populations can use directly. Students .ur, ,p..ulut. o'
reasons for the abundance of livestock in these countries.

7. which areas of Australia and New zealand have the mosr sheeo?
o Most sheep are concentrated in the eastern part of Australia. All areas of New Zealand

have sheep populations. Have students use Mini-Atlas map 1 to note other countries with
large numbers of cattle and sheep.

B' What does Table 4 suggest about how important these animals are to the economies of
Australia and New Zealand?

' Students may recogltize that livestock animals yielcl many products that can be sold at a
profit. (You might cue younger students by telling th.,n ihat Australia ar-rd New zealand
tank I*2 in the world in wool and beef exports.) The key point is for stuclents to recognize
that these animals are imp'rtant to these countries, a.on.,ror.r.

more
the

How do greenhouse-gas emissions vary by
region? (pages 31-32)
E. Gror-rps should reircl tlre te xr on pagc 3 l, whiclr

expla ins the r :at ionale for  : rnalyz ins emiss ions
da ta  w i t h  t he  Gree r rhouse  [ndex  (Tab le  . 5 ) .
Th rs  i ndex  we igh ts  t he  con t r i bu t i ons  by  t he
re lat ive proport ion of  each gas.  Gloups can
then complete Questions 9-1 1. See answers for
Questions 9-1 1 on the folkrwing page.

On a separate sheet of paper; groups should
classify each region according ro the per per--
son Greenhouse Index (Table 5) ,  n-rak ing the
following three groups:

.  Regions wi th per  persor l  ern iss ious more
than twice the world average;

ffi-&

( ,  e e r h . ! \ .  i l c x  h f  r r q i , r ,  t 1 3 /
( m . ! .  r , n . t  a o r  h . i l  i !  v i r  u e )

Regions with emissions between one and
two times world average; and

. Regions with emissions less than the world
average.

Pass our the blank world map (Activity 4)
and colored penci ls to each group. On the
blank world map, have srudents color in the
regions according to these groups. Have them
use a dark color for Group A, a light color for
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I

10.

Q.restions and Answers f.or page 32

\X/here does AustraliaAlew Zealand rank in terms of per person greenhouse-gas emissions?

r AustraliaA.Jew Zealand ranks only behind the United States and Canada in terms of per
person greenhouse-gas emissions.

According to your classification of developed and developing regions, which type of region
generally has the highest per person emissions?

r The other high per person scores are for Europe and the former Soviet Union (also
developed). Developing regions all have low per person scores, excepting Latin America
(very high CO, from deforestation).

\7rite a question with an answer that would be a good summary of what you have learned
from the data in this lesson.

r Answers will vary here; accept any reasonable summary question.

1,1".

Group B,  and no  co lo r  fo r  Group C.  The
heavy lines on the Activity define each region.
[ C r o u p  A  ( d a r k  c o l o r )  i n c l u d e s  A u s t r a l i a ,
Canada,  the  Un i ted  Sta tes ,  and the  fo rmer
Sov ie t  Un ion .  Group B ( l igh t  co lo r )  inc ludes
Lat in  Amer ica ,  Europe,  and . lapan.  Croup C
( n o  c o l o r )  i n c l u d e s  S o u t h e a s t  A s i a ,  S o u t h
Asia, East Asia, North Afr ica/Southwest Asia,
and Afr ica. l

Lesson summary (page 32)

F. Hang the completed maps (Activity 4) around
the room and reconvene the class. To sum up,
discuss why this geographic pattern emerged.
fExamples of general izat ions that might ar ise
in  d iscuss ion  inc lude:  H igh  ra tes  o f  energy
c o n s u m p t i o n  a n d  i n d u s t r i a l  t e c h n o l o g i e s
a c c o u n t  f o r  t h e  h i g h e s t  G r e e n h o u s e  I n d e x
scores. The former Soviet Union has relat ively
h i g h  c a r b o n  d i o x i d e  e m i s s i o n s  i n  p a r t
because i t  re l ies  on  po l lu t ing  techno log ies .
The oi l -producing countr ies of Southwest Asia
(along with Canada and Austral ia again) have
high CO, and methane emissions because of
t h e i r  e n e r g y  f a c i l i t i e s .  I n  t h e  d e v e l o p i n g
wor ld ,  CO,  f rom defores ta t ion  causes  the
bu lk  o f  emiss ions .  A l though in  some p laces ,
e s p e c i a l l y  i n  L a t i n  A m e r i c a ,  e m i s s i o n s  a r e
quite high per person, in general  the devel-

Lerson summary

You no$ hrvrr picn'r oiir. trpA,firrn$ i lft,\tr*rrl rns
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H.s !!eth$e tLressinil irto or dil lernr Ircmrho Unnod Sktcsl
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oping world 's per person Creenhouse Index

scores are much lower than in the developed

r e g i o n s .  I n  s h o r t ,  a  f  a i r l y  c l e a r  ( l c u t  n o t

a b s o l u t e )  d e v e l o p e d / d e v e l o p i n g  r e g l o n

dichotomy exists in terms of greenhouse-gas

emiss ions . ]

Students may conclude that Australia and

New Zealand are representative of developed

regions with respect to their use of activities

and products that generate greenhouse gases'

High energy consumption per capita,  high

CF-C usageland, in the case of Australia and

New Zealand, high l ivestock numbers and

CHr-are  pa t te rns  found th roughout  the

industrialized world.
H a v e  s t u d e n t s  c o n s i d e r  w h a t  t h e  t i e

between these activities and a country's stan-

dard of living suggests about the possibility of

stopping global warming. For example, -these
.ontttti., emit lots of methane because of their

livestock industry' but at the same time, they

would probably be unwil l ing to reduce the

numbers of l ivestock to cut these emissions,

because of the economic value of ranching'

One way to start discussion is to have stu-

dents think about what life would be like with-

out the amenit ies that cause greenhouse-gas

emissions. Consider, for example, the mobility

provided by cars, the food variety allowed by

iefrigeration, and the expanded opportunities

for tiavel, shopping, and residency afforded by

air conditioning. Ask, for example, what effect

the presence of air  condit ioning might have

had on  the  migra t ions  o f  U.S.  res idents  to

Arizona and Florida.
The upshot of this discussion is that many

of the uses of greenhouse gases have become

fr; fi- ht: it''i il''d. liir g ri" i! i i t, t fr ir ir i r i'i \,,

. Make a game by having each group come up

with a liit of questions about the data in this

lesson, and then play the game leopardy!Each
group would compete with the other groups,

trying to answer the others' questions'

ingrained in the consumption patterns-of the

dweloped wor ld .  E l im ina t ing  use  o f  those

gases is unlikely so substitutes for them are

surely necessary.

Have students create a list of their personal

ac t ions  tha t  con t r ibu te  to  the  greenhouse

gases. Give them a night to compile their first

[ist, then collect these and respond. Many stu-

dents will overlook that, for example, if they

eat meat, they are indirectly contributing by

supporting the livestock industry' Ask leading

qrestiotts, such as "How do you get to school

each day?" and "How are eggs packaged?" to

help elicit such indirect connections' Students

may need to be reminded that using electricity

also adds CO, to the atmosphere'- because the

electricity is r-iually generated by burning fos-

sil fuels (unless your local power plant gener-

a tes  e lec t r i c i t y  f rom hydropower ,  nuc lear

power, solar power, wind power'  or other

alternatives). The goal of this exercise is really

to have students see just how pervasive are the

act iv i t ies in our society that generate green-

house gases.

. Check on students' progress on their contract

to change one aspect of their own life style,

which they began in Lesson 1.
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How might global warmit g
affect Australia?

each group of students
all students
3

r ise,  for  example.  Ask students to consider
what  warmer temperatures might  mean for
farmers and ranchers and others who need to
make plans based on the climate.

F,$ry qr,cedg.qre.lg

This lesson can be co-taught with a sci-
e n c e  c l a s s  i f  y o u n g e r  s t u d e n t s  d o  n o t
have the background to understand the
relat ionship among soi l  moisture, temper-
a tu re ,  and prec ip i ta t ion  as  d iscussed in
the Student DataBook.

What wi l l  happen i f  global warming occurs?
(pages 33-35)

A. Have students read pages 33-35 (up to Table
6), which introduces climate change computer
mode ls .  Tab le  6  shows the  pred ic t ions  fo r
average global increases of temperature and
prec ip i ta t ion  f rom th ree  d i f fe ren t  mode ls ,
wh ich  were  used to  map the  fo recas ts  o f
Austral ian soi l  moisture used in this lesson.
Emphas ize  tha t  these are  g loba l  duerdges .
Some regions will become drier andlor cooler
while others become warmer and/or wetter.
The point of this lesson is to show how uncer-
tain climate forecasting is at the regional scale.
Ask students which model they would cite if
they wanted to support an argument that glob-
al warming would (or would not) be a severe
problem. Discuss Questions 1-4.

@ 
"I'irr l 6: IRe-rcXrn.i u'(-,d-:f

Two 5O-minute class periods

W 
h,'fr rufrr,.,u"iil fr l F{er':(}ll(',n }
Butcher paper
Copies of Activity 5 for
Copies of Activiry 6 for
Mini-Atlas maps 2 and

Gf  ( ' t c )ss i t ! " r  \ \ ' r i i , I
H

carbon dioxide (CO2)

chlorofluorocarbons (CFCs)

climate

climate models

environmental system

global warming

greenhouse effect

greenhouse gases

methane (CH4)

nitrous oxide (NrO)

Getting Stanted
Have the  c lass  specu la te  about  the  l i ke ly
impacts of global warming. Some students
may already have heard that sea levels would
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1 .

2 .

Q.restions and Answers for page 35

What is the range (high to low) of predicted temperature and precipitation increases?

. The UI(MO model predicts the greatest increases and the OSU model predicts the least.
This is a significant difference, because the UKMO model predicts nearly twice as much
warming and precipitation as the OSU model.

Think about how precipitation forms. Why would an increase in global temperatures cause an
increase in global precipitation?

o \Tarmer temperatures should lead to more precipitation because greater evaporation
would create more clouds.

3. How do the models'predictions in Table 6 illustrate this relationship?

o Note that the UKMO model predicts both the greatest temperature and the greatest
precipitation increase.

4. Consider the idea of global average precipitation and temperature. Do you think knowing the
expected global changes helps people make plans for their own community or region? Explain
your answer.

o This question hints at the difficulty of forecasting climate meaningfully. I(nowing the
global average temperatlrre and precipitation increases may not mean much at a regional
scale, as the following activity demonstrates.

What do the models predict  for Austral ia?
(pages 36-38)

B. The text on page 36 emphasizes how difficult
forecasting precipitation is for Austr:alia. Split
the class i r-r to groups of three or four.  Have
groups work with Mini-Atlas maps 2 and 3 to
s e e  w h a t  v a r i a b l e s  i n f l u e n c e  c l i m a t e  i n
A u s t r a l i a .  [ T h e s e  I n c l u d e  t o p o E r a p h y  a n d
proximiLy to ocean. l  The key here is that stu-
dents see how the narrow belts of precipitation
patterns in the real Australia differ from the
mode ls '  t rea tment  o f  the  wor ld  as  a  se t  o f
average changes.

C. Next have each group represent the Ministry
of Agriculture for one Australian state or terri-
tory ( i f  some states are represented by more
than one group, that's OK). Have groups try
to devise a plan for agriculture in their state,
given predictions of the effects of global warm-
ing on Australian soil moisture.

Students should read the text on page 36,
which explains Figures 7 and B (pages 37-38).

Hand out copies of Activity 5 to each group,

which provides qllestions the groups can use as
a guide. Their f irst job is to fantl iarize them-
se l ves  w i th  t he i r  s ta te ' s  ex i s t i ng  l and  uses .
Using Figure 7 and Mini-Atlas maps 2 and 3
o f  Aus t ra l i a ,  t hey  can  spo t  a  c l ose  re la t i on

between soil moisture levels and types of land

use.  In addi t ion,  the locat ion of  major  c i t ies
also influences the position of cropland. Each
group should sumrnar ize what  types of  land
uses are found in their state and how these are
re lated to the var iables of  so i l  moisture and
urban areas.

D. Next, have each group attempt to reach a con-
sensus about what changes the climate n-rodels
predict for summertime soil moisture in their
state (Figure B). If students ask how the mod-

els predict soil moisture changes on a regional

scale, tell them each model divides the conti-
nent  in to smal ler  p ieces and factors in  the
expected change in temperature and precipita-

tion. The models differ because they are based
on d i f ferent  predict ions of  temperature and
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t-
precipitation change, and because they subdi-
vide the continent in different ways.

First, students need to decide if the models
generally forecast an increase or decrease. This
won't be easy for some states, such as Western
Australia and Queensland, in which the mod-
els differ quite a bit. Fail ing to reach consensus
is acceptable; it helps drive home how regional
planning based on these models is very diff i-
cult.

Once consensus (or an agreement to dis-
agree) is reached, the "agricultural planners"
should determine what  the forecasts would
mean for their state in relation to the existing
conditions. For example, greater moisture rn a
desert  area may not  mean much (perhaps a
s l i gh t  i nc rease  i n  ava i l ab le  range land ) ,  bu t
greater moisture in a well-watered place could
mean much more agricultural productivity. On
the other hand. drier conditions could devas-
ta te  a l ready  rna rg ina l  r ange  a reas  o r  make
ex i s t i ng  c rop la r - rd  l ess  p roduc t i ve .  Answers
here wil l vary as each group decides what the
maps say about their state ancl how they relate
this to existing conditrons.

No te :  Ow ing  to  t he  gene ra l i t y  o f  t hese
flraps, smaller states do not have as complex or

interesting patterns as larger states. It may be
better to have one group represent Tasmania
and Victor ia together and divide \Testern
Austral ia and Queensland into two groups
each (perhaps represent ing north and south
portions of each large state) in order to more
equitably distribute the assignment.

E. Reconvene the entire class for debriefing. Place
a sheet of butcher paper on the wal l ,  with
columns for each state. Have each group sum-
marize on this chart what the models predict
for soil moisture in their state. If no consensus
was reached, then the group should report the
discrepancies among the models.

Groups should explain what these predic-
tions mean in terms of their state's agricultural
land uses. Ask each group to descr ibe what
kinds of problems and opportunities the fore-
casted moisture changes would present.  Ask
what farmers might need to do if the soil mois-
ture changed the way it is forecast for their
sta.te. 

'Would 
they need to irrigate more or less

often? Focus discnssion on the problems with
the predictions' variability. How, for example,
could farmers in Nor: thern Terr i tory make
plans, given such a variety of forecasts?
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What are the possible positive effects of
global warming? (page 39)

F. Use the reading "Some Good News and Some
Bad" to discuss the ramif icat ions of global
warming. After the students read this, have
them classify the 10 impacts listed on page 39
as good, bad, or not sure.

Af te rward ,  in i t ia te  d iscuss ion  lead ing
toward a tentative consensus on the question:
\7ill global warming help or harm Australia?
Taking a vote might be a fun way to resolve
disagreements. If desired, the state groupings
used in this lesson could be brought back into
play. "Representatives" from different states
might take differing perspectives on the issue
depending on how "their" state is affected.
One goal of  this lesson is to have students
comprehend how complex the issue is. Regions
with opposing interests might react very differ-
ently to the prospect of a warmer climate.

The weight of the list tilts slightly toward
the bad, because that is the general conclusion
of the book from which this list was derived.
Some impacts may not be intuitively connected
to warmer cl imates, and you may need to
exp la in  them.  See the  Backgrownd Note :
Explanations of Good and Bad Nezs on this
page for details.

Optional Assignment
Activity 6 relies on the detail of a textbook,

world almanac, or encyclopedia. Certain economic
a c t i v i t i e s  s h o u l d  b e  l i s t e d  i n  m o s t  t e x t s  o r
almanacs: mining of bauxite and coal, fruit and
grain crops, and wool and beef exports. Note that
coal and l ivestock industr ies contr ibute to the
greenhouse gases. These industries could be severe-
ly restricted if major efforts are made to reduce the
e n h a n c e d  g r e e n h o u s e  e f f e c t .  C o n v e r s e l y ,
Austral ia 's vast uranium reserves may become
more valuable i f  there is a worldwide push for
noncarbon energy sources like nuclear fission.

Have students write a paragraph to summarize
what they believe the net impacts of global warm-
ing  on  Aus t ra l ia  and New Zea land might  be .
Encourage students to stress regional differences in
impacts where possible.

Background Note

Expr-eNeroNs oF GooD AND BAD NEws

Good News-Because plants process car-
b o n  d i o x i d e  t o  s y n t h e s i z e  t i s s u e ,  a n
enriched-CO, atmosphere could lead to
greater plant product iv i ty.  Thus, some
plants could grow larger seeds, f lowers,
and fruit. Less irrigation would be needed
because when CO, increases, plants don't
need to open the stomata in their leaves as
often, so they lose less water. More rain in
the center of Australia will also enhance
agricultural possibilities. Warmer tempera-
tu res  fa r ther  south  wou ld  expand the
range of tropical fruit cash crops.

Bad News-'Warmer oceans account for
m o r e  f r e q u e n t  a n d  i n t e n s e  c y c l o n e s ;
warmer temperatures account for dr ier
soi ls;  and r is ing sea levels account for
eroded beaches. Snowfields (and recre-
ational income) would be reduced if pre-
cipitation falls as rain rather than snow.
Increased temperatures in tropical areas
could render some areas less habitable.
And while crops would be stimulated by
greater COr, so would weeds; while the
range of bananas expands south, so would
the range of tropical insect pests.
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What are the posrlble posltlvc cffe<ts of
global wa.mlng?
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FIow do developing countries
add greenhouse gasesP

Getting Started

W Tirne Recltrired
One 50-minute class period

W Mater-iarls Neeclecl
Mini-Atlas maps 4, 5, 6, and 7

Gl at.,ssir\  \ \ ' ' r-r ls
carbon dioxide 1CO2)

chlorofluorocarbons ( CFCs)

deforestation

developing country

greenhouse gases

methane lCHo)

Prior to having students open their books, con-
duct a mult iple-choice survey. Ask the class
what they think the percentage of total green-
house-gas contr ibut ion is from the world 's
developing regions. Put up a series of choices
on the board (say, 5 percent, 20 percent, 45
percent, 75 percent, or something similar) and
take a vote. Having completed the case study
of  a  deve loped count ry ,  s tudents  may be
inclined to underestimate the actual contribu-
tion from developing regions. [t is close to 45
percent.] Explain that the role of the develop-
ing regions in potential climate change will
now be investigated.

Procedures
How do developing countries contribute to
greenhouse-gas emissions? (pages 40-42)
A. The opening paragraph on page 40 may run

counter to some people's expectations. Review
Table 5 in Lesson 4 (page 31) to remind stu-
dents that the per person additions of green-
house gases from developing regions were gen-
erally low Have the class study Figure 9 on
page 41,. (The regions not graphed exhibit sim-
ilar patterns between developed and develop-
i n g  r e g i o n s . )  T h e n  h a v e  s t u d e n t s  d i s c u s s
Questions 1-4.

How do developing countries
add greenhouse gases?

H o w  d o  d e v c l o p i n g  c o u n t r i e s  c o n t r i b u t e  t o

g r e e n h o u s e  g a s  e m i s r i o n s ?

Ovilxll,dcvt[)pcJ connifi.s r...uncl i{ 54 pdreDtolr]L
grrdnroLr AN.mreon\ r 1933 D.vfbpins.ounrirr rcdouftcl
t.r46 Frcnr. L rhr percen,rBr fLrhuorlowerthrn whl you
exFrcd? whr? Lro devel.Dii8..untrros proJnce Ereenh.lsc grsos
t rra5rz, xr,}thft develD.l.ountrrA dol

R..rl l  ihr l i(crtn.es i i,h. l!ycL olr.rrs^or sre.i[.usc.sas
&nnsirns inrtudevelot;rg r+x,nr ir.ompred to dr dcvdopcd
r e s i . n s ( l i b L r i o n p r g e 3 l t . F i s u n  e { p i g c 4 t )  J r o $ n r c s n . r c o r
' . .  , .  i . ,  b v  , .  . - r i ^  . - \ t ,  , \ , - ! o
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Questions and Answers tor page 41

1. Which greenhouse gas accounts for most of the emissions from developing regions?

. Carbon dioxide clearly accounts for the majority of greenhouse gases from developing
regions.

2. Why don't CFCs make up alarge proportion of greenhouse-gas emissions from developing
regions?

. CFC emissions are much higher in developed regions, because industrial processes are the
source of these gases. You may wish to ask why Australia has relatively higher methane
emissions. j 'Eecause ol  i l ts fai 'qe l ivestocl< populat ion and i ts nurnerolrs coal minesj

3-4. According to Figure 9, which regions-developed or developing-appear to be contributing
the most to the problem? is this misleading? Why or why not? V/hat important information
does Figure 9 fai l  rc show?

. Students may be aware that a graph like this is misleading by itself, because it doesn't
show the total quantity of gases emitted, only percentages. l-igure 9 might make it seem
that the main source of greenhouse gases is developing countrtes.
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Questions and Answers for page 42

5. On a world map, locate each of the 11 countries listed in the last paragraph.

. Using Mini-Atlas map 4, students can locate the 1 1 countries mentioned on page 42.

6. \(hat do these 11 countries have in common? Think in terms of their wealth, rate of
population growth, and degree of urbanization.

. Students can use Mini-Atlas maps 5-7 to note these possible answers: location in tropical
latitudes, low GNP per capita, rapid population growth, and low urbanization.

7. \7hat can you conclude about the relationship among deforestation, economic development,
and population growth?

r Each group should write a short description that summarizes how tropical deforestation is
related to the combination of rapid population growth and low economic development.
(For other GIGI modules that address deforestation, see the section Extension Actiuities
and Resources.\

Have students read the text on page 42, which
describes why deforestation causes CO, emrs-
sions. Allow time for a short discussion of this
problem. A way to get people thinking about
the problem is to ask how rapid populat ion
growth is connected to deforestat ion. [The
search for food is l<ey. Crowing crops for subr-
sistence and for income, providing ranqe for
i ivestocl<, and gathering fr-relwood for heat ir- lg
and coo l< ing  a l l  cause fo res t  c learance. l

Quest ions 5-7 can be answered by stu-
dents working in smal l  groups using Mini-
Atlas maos 4-7.

Lesson summary (page 42)

C. To close the lesson, reconvene the entire class
for a br ief  discussion. Ask students whether
they feel optimistic that global warming is pre-
ventable. After Lessons 4, 5, and 6, they may
not. Developed countries rely heavily on green-
house-gas emitting energy sources and CFCs;
developing regions have what might be consid-
ered more pressing problems of populat ion
growth and poverty.
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FIow might global warmitrg affect
the I-I.S. Gulf Coast?

W Tirne Required
One or two 50-minute class oeriods

W Materials Needed
Baking dish, Legos, and water for sea level

rise demonstration
Colored pencils
Rulers
Copies of Activity 7 for each group of students
Transparencies of Overheads 2 and 3
Mini-Atlas map 8

Kl atossar)/ word
global warming

Getting Started
Create a simple model of a coastline in a bak-
ing dish or other shallow container. The model
should have an extensive coastal plain backed
by landforms of greater elevation. The model
c a n  b e  c o n s t r u c t e d  f r o m  L e g o s  o r  o t h e r
durable material. Set sea level below the flat
coas ta l  p la in .  Nex t ,  add enough water  to
increase the water depth by about one inch.
Say that this represents an increased sea level.
Enough of the coastal  plain area should be
flooded so that the point is made: In low-lying
coastal plains and river deltas, even a modest
r i s e  i n  s e a  l e v e l  c o u l d  h a v e  d e v a s t a t i n g
impacts.

Procedures

How would global warming cause a r ise in
sea level? (pages 43-46)
A. Have a couple of students read the bulleted

statements on page 43 aloud. Discuss Figure
10 and have students answer Questions 1-4.

\fiw,,4,,,,ffi19;
How might globtrl warming
af{'ect thc U.S. Gulf Coast?

H o w  w o u l d  g l o b a l  w a r m i n g  < a u r e

a rire in sea level?

s.i.d'nh s.r.f i l \ rsr.c L[d ]h

. rfcs[nirL ncru5c tr, ivr.scsuil]cc r.mFrarnovcr dro
pi$.otury h.s boon nclny.Dc hlt oil ccGN dcsre.

' cLo6:l rvuxsc ntri i .f icmpcrrtu's wiLl f isernoth. l.J r.
4 . i ' C  h r  r b o u t 2 0 3 0 .
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Questions and Answers for page 44

1. Use Figure 10 to estimate how many centimeters sea levels rose between 1880 and 1980.

Figure 10 shows that sea levels have risen about 10 cm since 1880, during which time
temperatures have risen about 0.3'C.

2. What appears to be the relationship between global temperatures and sea level rise?

o Sea levels have risen along with the global increase in temperatures.

3-4. Do you think that in the next 100 years, the sea level will rise more than it did in the last
century? Why or why not? If you said yes, about how much do you think the seas will rise?
Explain your answer.

c Given that the predicted temperature rise for the next century is 5 to 15 times greater than
that of the last L00 years (i.e., temperatures are expected to increase 1.5'to 4.5"C), one
might expect a rise in sea levels of between 50 and 150 cm. Although this seems
reasonable, students should be cautious-the premise on which this conclusion is based
remains speculative.
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B. Af te r  answer ing  Quest ions  1-4 ,  s tudents
should read the text, "The rising seas" on page
46, which confirms the ballpark estimate made
in Question 4. Students may understand why
melt ing ice caps would raise sea levels.  But
also significant is a lesser-known point: Global
warming would decrease the density of ocean
water. This would increase the oceans'volume
and raise sea levels, because the same amount
o f  w a t e r  t a k e s  u p  m o r e  s p a c e .  D i s c u s s

Questions 5-6.
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5 .

Questions and Answers for Page 46

Compare the predicte d tate of sea level rise to the rate of

10). About how much faster is the sea expected to rise in

past century?

. The predicted rate of rise is 2 to 14 times greater than the historical rate'

6. \7hat do yor-r think the effects of sea level rise would be?

. In discussion, the problems of coastal flooding, beach erosion, greater damage from storm

waves, and other effects might come up. Use 6verhead2to clati{y how rising sea levels

will inundate low-iying coasts and increase saltwatef intrusion.

What effect will sea level rise have on the

U.S. Gulf Coast? (Pages 46-50)

C. Using Mini-Atlas map 8 or a wall map of U'S'

physical features, asl< studerrts which arcas ln

i Lc  t t , r i t c . l  S ta t cs  have  a  l a rgc  f l a t  coas t : r l

p la in.  These areas r r re rnost  l i l<e ly  to be af fcct -

ed by sn,all r ises iu sea levetl '  Str'rclents czll l  see

thrrt the sotltheasterll coilsts would be l-rarcler

rise during the past century (Figure

the next century as compared to the

hit by global warming than other parts of the

U n i t e J  S t a t e s .  T h e  t e x t  o n  p a g e s  4 6 - 4 7

expla ins some impacts;  F igure 1 ' l  shows what

may happen to the Louis iana coast l lne '

D.  Div ide the c lass in to pai rs  or  gro l lps of  three

or four. Hand out Activity 7 (a copy of Figure

12) to each groul - r .  Pro jcct  Overhead.3 onto a

, . , 1 . . n  i n  f r on t  o f  t he  c l ass '  Th i s  shows  the

^d .w
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a .

contour l ines (elevat ion) for this area. The
heavy black line represents the S-foot contour
(that's as high as this region gets).

b.

'Sfith 
a ruler, each group can estimate the

present level of coastal protection. [At a
sca le  o f  about  2  inches  =  3  mi les ,  there
are roughly 30 mi les of levees current ly
around Morgan City,  mainly along Bayou
Shaffer, the Lower Atchafalaya River, and
Stouts Pass.l

Each group can take turns going up to the
overhead projector and overlaying their
copy of Activity 7 atop the contour lines
on the overhead. The groups should trace
the  S- foo t  con tour  on to  the i r  Ac t iv i t y
copy. Back at their  desks, students can
then color in all areas that will be inundat-
ed by a S-foot sea level rise. [Only parts of
a  f e w  e x i s t i n g  i s l a n d s - w h e r e  M o r g a n
City and Berwick towns themselves are-
wi l l  remain. Some of the land uses at r is l<
i n c l u d e  o i l  a n d  g a s  w e l l s ,  a n  a i r f i e l d ,  a
major highway (U.S. route 90),  farms and
plantat ions, and several  cemeter ies.]

Estimates of the total cost to protect the
Morgan City area wi l l  vary, depending
upon how many more levees each group
decides would be needed to keep the sea
out.  [One rough way to do this would be
to bui ld levees along al l  of  the waterways
a p p e a r i n g  o n  t h e  m a p  s u r r o u n d i n g
Morgan City.  This amounts to about 40
m i l e s  o f  a d d i t i o n a l  p r o t e c t i o n ,  c o s t i n g
$ 1 2 0  m i l l i o n .  A c c e p t  a n y  r e a s o n a b l e
effort here.l

From Figure 11 on page 48, students can
see that this area is one smal l  part  of  a
longer threatened shore. According to the
-World 

Almanac, Louisiana has a total
shoreline of about 7,700 miles. !f Morgan
City 's protect ion cost of  $120 mil l ion for
a coast l ine of some 70 miles is assumeo
to be representative, then the total for the
s ta te  wou ld  be  100 t imes tha t ,  o r  over
$12 b i l l i on .  Note  tha t  these admi t ted ly
rough est imates are st i l l  extremely conser-

va t ive .  Accord ing  to  Smi th  and T i rpak
(1988),  the total  cost of  holding back the
sea will be anywhere from 542 to $75 bil-
l ion by the year 2100.1

E. End the lesson with discussion of the closing
question on page 50. Ask if it may be harder
for developing countries to deal with the prob-
lem than countries that have greater financial
resources. Coastal protection, such as levees, is
costly. Some caution is advisable here, because
developed countries may have much more at
risk than developing countries. In other words,
coastal flooding would damage more property
in Miami than it would in countries with little
coastal development. At the same time, richer
countries are better able to afford protecting
those resources at risk. Poorer countries may
have less property at risk, but they may not
have the funds to protect what they do have.
The goal is to have students rcalize that the
problems posed by global warming could have
a more severe rmpact upon those countr ies
least able to afford it.

For Further lnquiry
o Have students create concept  maps to show

the connections between increased greenhouse
gases  and  some o f  t he  d i rec t  and  i nd i rec t
effects mentioned in the module. For example,
direct effects include partial melting of ice caps
and warmer, less dense seawater. These lead to
sea level rise. Indirect effects of sea level rise
inc lude coasta l  inundat ion,  increased storm
surges, and reduced productivity in wetlands.

. Assign this question for a short overnight writ-
ing assignment: If sea level rise is considered to
be a negative effect of climate change, does
that  mean that  present  sea levels are ideal?
\7hy or why not? (The idea is that societies
have adapted to the present levels. The eco-
nomic impact of adjusting to new sea levels is
l ike ly  to be very great ,  especia l ly  in  cer ta in
countries. Some of these countries are the least
able to afford these impacts.)

c .

d.
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What should be done about
global warming?

catastrophe. The point is that it is much easier
to plan when you know the outcome. Set the
stage for the ensuing discussion about policy
opt ions  by  pos ing  the  ques t ions :  Is  g loba l
warming a serious problem? If so, how much
is it worth to fix it?

. Optional Actiuity.. If you enjoy playing the
card  game "Twenty -one"  (a lso  known as
"BIack jack" ) ,  g ive  s tudents  a  fee l  fo r  the
dilemma of planning in the face of uncertainty.
You act as dealer; the students are the players.
Stack the deck to give yourself an ace showing.
Explain to students how "insurance" works,
and offer them the chance to purchase it to
protect their hands. Give students chips to rep-
resent their resources. Students can take the
chance that you won't have Twenty-one (sym-
bolizing the occurrence of global warming), or
they can decide to invest their resources for
protection against this event. Give more chips
to  some s tudents  ( represent ing  deve loped
regions) and less to others (developing). If you
opted to give yourself Twenty-one, show your
hand after al l  insurance choices are made.
Only those students who bought insurance will
come out even, so they will stil l have ample
resources .  S tudents  who op ted  no t  to  buy
insurance lose their  bet,  leaving them with
fewer resources.

Procedures

Younger students may have difficulty with
the  read ing  in  th is  lesson.  l f  so ,  reduce
the reading load or have students read
and discuss the mater ial  aloud. Check for
comprehension frequently.

@ Tirne Recluirerd
Three 50-minute class oeriods

W Mater-iarls Nccclecl
Two decks of playing cards and play money

or chips (optional)

Gl at.,ssary W<'-cls
carbon dioxide (CO2)

chlorofluorocarbons ( CFCs )

climate

climate models

developed country

developing country

global warming

greenhouse gases

methane (CH4)

ozone hole

Getting Started
. The global warming issue presents a difficult

choice: How do we plan for change when we
don't know exactly what the changes will be?
Illustrate this with a contrasting scenario: Ask
students to imagine that they are in a car
approaching a cliff. rWhat would they do? No
doubt the replies will stress that this situation
calls for making a decision to avoid certain
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What strategies have been proposed to deal
with global c l imate change? (pages 51-56)

A. Quickly review with the class how both devel-
oped and developing regions contribute to the
problem (Lessons 4 and 6) and will be affected
either positively or negatively should global
warming occur (Lessons 5 and 7).

B .  D iv ide  the  c lass  in to  coopera t ive  learn ing
groups of four students each. 

'Sf i thin 
each

group, each student is responsible for reading
one of the four strategies (pages 52-56). Then
each student br iefs the others in his or her
group about this strategy. Together, each group
then answers Questions 1-5 on page 52 fot
each strategy. See answers for Questions 1-5
on the following page.

Also, assign each student to be a represen-
tative from a specific world region. Two mem-

bers of each group can be from developing
reg ions  and two f rom deve loped reg ions .
During the debate activity which follows, stu-
dents who do not take part in the debate itself
can act as representatives from each type of
region and determine which strategy best rep-
resents their interests.

Alternativel5 you can set up the debate
more informally. Select one student to describe
each strategy to the remainder of the class. The
other students can then react to each strategy
and you can lead discussion of the five ques-
tions with the class as a whole. Ask students to
consider how people in di f ferent regions of
economic standard of l iv ing (developed or
deve lop ing)  wou ld  p robab ly  reac t  to  each
strategy. Encourage students also to express
their own opinions about each strategy.
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Questions and Answers for page 52
(answer Questions 1-5 for each strategy)

'srhat 
do supporters of this strategy suggest be done about the potential global warming

problem?

Would supporters of this strategy more likely be from developed or developing countries?
Whv?

1 .

3. \fhy do the supporrers believe this strategy is fair and equitable?

4. How do supporrers justify this strategy?

5' Does this strategy make sense even if global warming d,oes not develop into a maj6r problen?
Why or why not?

Strategy 1: No action-Proponents argue that the problem is overblown, or may not even
materialize, and in any case is too costly to address. Both developed ar-rd newlv
industrializing countries take this position, although these countiies probably n.. no, 

",risk from possible impacts. Costs and uncertainriei justify the strategy, and ii is deemed
fair because it doesn't cut off development options io. p,iur", nations. If t6e warmrng
doesn't occur, this strategy certainly makes sense.

Strategy 2: Adaptatioz-Proponents argue that we shoulcl plan for inevitable clranges. Mgst
likely it is the richer developed countries, who could afford these steps, *hn prn,oute this.
Developing countries would need mlrch money to builcl seawalls, foi example. This is
justified as both a realistic and prudent strategy, but spencling large ,r-, ,rrr planning and
building protective structures makes no sense if the warmirrg doesn't happ"r1.

Strategy 3: Preuention-Proponents argue that we must reduce the source of the problern,
eliminating it where possible. Most likel5 developing nations at greatrisk would supporr
these moves. It is equitable in that nations unable to afford pl"r,riing measures would be
spared global warming's effects. Among the justifications for this idea are rhe three points
listed and the Maori perspective about the wholeness of Earth. Unlike rhe previous two
strategies, it assumes the net effects of warming will be negative. But if the warming fails
to materialize, rhis radical straregy would not be sensible.

Strategy 4: "Tie-in"-This idea is that by limiting the growth of greenhouse gases by
measures that have other benefits, we buy tirne for research to ascertain the certainty of
global warming, to develop alternative energy sources, to find ways to slow deforestariol,
and so on. Both developed and developing nations have embracej this idea. Ir is seen as
fair because, with minimal disruption to developmenr, many benefits can be realized. This
makes sense regardless of whether the climate warms.
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D.

Closing first day of lesson: Reorganize stu-
dents  in to  the  four  g roups  tha t  w i l l  take
opposing sides in the debate on the second day.
These strategy groups represent each strategy.
Students join a group according to the strategy
they were assigned to read. Each group should
designate two spokespeople who will argue for
that strategy in the class debate on the next
day. Strategy groups could begin to formulate
their arguments at this time and complete this
preparation task in the first minutes of the sec-
ond day, i f  needed. Al l  remaining students,
those not designated as spokespeople in the
actual debate, will become the debate judges,
each acting in their role as representative from
a developed or developing region.

I f  desired, you could also assign a br ief
wri t ten essay as homework to al l  students.
Having discussed the strategies in their groups,
students could address the quest ion "\) fhat
ought to be done?" in this essay. Ask each stu-
dent to consider this from two perspectives: as
a representat ive from either a developed or
developing region (based on his or her assign-
ment) and as an individual, expressing his or
her own opinion. Suggest that students think
about the following quesrions:

. Whl is there disagreement regarding the
potential for global warming?

o Does a problem exist? (Recall that not all
peop le  v iew g loba l  warming,  even i f  i t
should occur, as a problem. Some view its
potential benefits as being greater than its
potential costs.)

. If there is a problem, what actions can be
taken to prevent or l imit  the problem?
\7hat adaptation measures might be neces-
sary?

The fol lowing procedures are suggested
should you wish to have the class debate
the four strategies. Alternatively, you may
wish to have the class as a whole simply
discuss al l  four choices. This opt ion may
work better for younger students i f  the
reading proved too difficult.

Define the debate: "Resolved-the threat of
global warming is serious enough that we must
immediately reduce emissions of greenhouse
gases." The debate is four-sided, with each
strategy group arguing its points and making a
brief rebuttal following presentations by other
groups. Allow three minutes for each group's
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f i rst  presentat ion and one minute for each
rebuttal, for a total of 15 minutes. The eight
students designated as spokespeople make
their arguments based on what their strategies
say. The rest of the class are judges, acting as
representatives from developed and developing
regions. In effect, this is a mock international
conference.

The fol lowing four guidel ines wi l l  help
define the scope of the debate and the ratio-
nale for judgment.

GuroEr-rNrs FoR CoNDUCTTNG AND

JurcrNc rHE DEBATE

These points were made at the \Tellington
(New Zealand\ Conference on Cl imate
Change in 1988. These are worth noting
to your class as they debate about global
warmrng.
1. Don't be triuial. The effects of climate
change will include relatively minor prob-
lems, such as the loss of some ski resorts,
but will also involve major disruptions to
some people's lives (such as the total sub-
mergence of the Republic of Maldives).
2. Don't be parochial. There is a tendency
to think only in terms of how the problem
m i g h t  a f f e c t  o n e ' s  r e g i o n  o r  c o u n t r y .
Remember that it's a global issue.
3. Don't be simplistic. Climate change is
l inked to  many o ther  i ssues ,  inc lud ing
ozone deplet ion, Third 

'Sfor ld 
develop-

ment) deforestat ion and desert i f icat ion,
popu la t ion  growth ,  and energy  depen-
dence.  In  sum,  s imp le  so lu t ions  won ' t
work.
4. Don't be shortsighted. Chanse will be
gradual, and the climate will continue to
adjust to changed conditions. \7e cannot
simply plan for a climate that will be a lit-
tle warmer in 2030, because climates may
continue to change depending on what we
do now and in the future.

E. After the debate: After listening to the argu-
ments, the judges can vote for the strategy that
they feel best suits their region's needs. If you
like, this vote can be loaded, based on your
preference. More weight can be given to rich
industrial regions (giving priority to economic
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power) or more weight can be given to poorer
regions that desire development by any means
possible (emphasizing world populat ion and
UN numbers).

Encourage students to come to some per-
sonal closure about the issue. Is the potential
of global warming critical enough to make it
worth "buying some insurance" now? Or are
the uncertainties too great to make the sub-
s t a n t i a l  c h a n g e s  i n  o u r  a g r o i n d u s t r i a l
economies that would be needed to reduce
greenhouse gases? Students can see if they have
a  c o n s e n s u s  o p i n i o n  a b o u t  t h i s  i s s u e  a n d
debate their  own viewpoints.

T h e  r e a d i n g s  a r e  s o m e w h a t  b i a s e d  i n
the i r  emphas is .  S tudents  may be  led  to
conc lude tha t  the  orob lems are  ser ious
e n o u g h  t o  w a r r a n t  s o m e  a c t i o n s  t h a t
reduce greenhouse-gas  emiss ions  wh i le
a l s o  h e l p i n g  t o  r e m e d y  o t h e r  i s s u e s
(Strategy 4).  Chal lenge older students to
ident i fy this bias and to f ind sources that
advocate other posit ions.

Who is responsible for solving the problem
of global cl imate change? (pages 57-58)
F. Have students read "The importance of inter-

nat ional  cooperat ion"  on page 57 .  Discuss
why technology transfer must be part of the
solution (Question 7 on page 57). You can add
the following fact not mentioned in the mod-
ule as another i l lustration: Consider that only
about 10 percent of Chinese households now
have ref r igerators.  The Chinese government

wants to increase that to 100 percent by 2000.
These refrigerators must be able to make use
of the best available non-CFC technology so
that the reductions made in other countries are
not overwhelmed.

Use Questions 6 and 8 on page 57 to gen-

erate discussion. Ask the class to consider the
inequities of development in the world. How
can we avoid worsening the potential for glob-
al warming while, at the same time, raising the
standard of l iving in developing countries? Or
are these two problems intractable? Can devel-
oping countr ies reach the levels of  develop-
m e n t  o f  t h e  i n d u s t r i a l i z e d  w o r l d  w i t h o u t
i n c r e a s i n g  t h e  c h a n c e s  f o r  g l o b a l  c l i m a t e
change?
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Questions and Answers for page 57

6. Does this statement agree with your own conclusions? How is it similar? How is it different?

. Answers will vary.

Why is the transfer of technology from developed to developing countries so irnportant if
global warming is to be avoided?

. Developing countries can use technologies from the developed countries to avoid the
polluting emissions of fossil fuels used for industry.

Does this declaration seem to you to be fair to all parties involved? Why or why not?

o Answers will vary.

7.

8 .

G. Read alor- rd the "Min is ter ia l  Declarat ion"  on
page  58 .  Th i s  i s  t he  ac tua l  consensus  o f  an
internat ional  conferencc.  [ f  you wish,  have tbe

c lass  compare  th i s  conse l t sus  t o  t he i r  own

opin ions about  the issr- rc .

Ii;

What have the world's developed countries
decided to do about global cl imate change?
(pages 59-6"1)
H. Have students look at F' igure 13 on page 59.

Disclrss the cartoon's symbolisrn (e.g., Uncle
Sam) and have the class decide what the car-

toonist is saying abor.rt the U.S. reaction to the

cl inate change issue.
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I . Have students read the lists of steps aheady
being taken in Europe, Japan, and the United
States on pages 59-60. Have the class compare
European and Japanese actions to those of the
United States. Ask which of the four strategies
discussed earlier these lists represent. [Bits of
Strategies 3 and 4l

The impact of these measures (as planned
and announced) on the Greenhouse Index of
several  countr ies is shown in Figure L4 on
page 61,.  Higher numbers indicate that the
country is planning a greater reduction of its
greenhouse-gas emissions. Discuss Questions
9-1.0.

To close the module, if students have deter-
mined that the United States is not doing
enough, in their opinion, about reducing the
chances for global climate change, have the
students draft a letter to their congressional
representatives or to the president. Encourage
the class also to continue the changes in their
own personal habits that they contracted in
Lesson 1, if they feel strongly that action is
needed to reduce the likelihood of global cli-
mate change. Many students will feel that the
problem is not ser ious enough to warrant
changing behaviors, and this is also a fair con-
clusion.

J.

Gtobal Climate Change 45



For Further Inquiry
Assign any of the following essays as clo-

sure for the module:

What are the potential global environmen-
tal impacts of economic development in
developing countries?

What are the potential environmental costs
of consumer patterns in the developec
world?

c. Take a position for or against this state-
ment: Any policy chosen to deal with glob-
al warming should at the same time have
other, more immediate benefits.

d. Take a position for or against this state-
ment:  Nothing needs to be done about
global warming because there is too much
uncertainty about the scient i f ic projec-
tions.

a.

b.
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Extension Activities
and Resources

Related GIGI Modules
. The largest amount of forest loss occurs in Brazil, with an estimat-

ed2.6 million hectares of deforestation in 1,989. The GIGI module
Deuelopment explores deforestation in Brazil in more detail.

. Deforestation in Afrrca, besides adding greenhouse gases, also leads
to soil erosion, desertification, and damage to freshwater resources.
The GIGI module Hunger examines the way in which these factors
contribute to Africa's food supply shortages and famines.

. The sustainability of food supply can be explored further in the
GIGI module Sustainable Agricwlture.

Britannica Global Geography System (BGGS)
BGGS provides myriad extension activities to enhance each GIGI

module. For a complete description of the BGGS CD-ROM and
videodiscs and how they work with the GIGI print modules, please
read the BGGS Overview in the tabbed section at the beginning of
this Teacher's Guide.

Related Videos
o EBEC offers the following videos about the issues and regions explored

in the Global Climate Change module: "Problems of Conservation:
Air"; "Problems of Conservation: Acid Rain"; "Children of New
Zealand:Livng in the High Country"; "U.S. Regions: The Southeast"l
"Evidence for the Ice Ages"l "The \fays of 

'Water"; 
"The'Water

Cycle"; and "The Earth in Change: The Earth's Crust."
For information, or to place an order' call toll-free,
1-800-554-9862.

. Other related videos include: Program 5, "The Air Condi-
tioning" (Spacesbip Earth series, PBS); "Is It Hot Enough for
You?" (Noua series, PBS); and "Living Planet" (IMAX).

4. Additional Activities
. The following table summarizes what one scenario of climate

change might mean for people living in the five largest cities in
Australia. Use this to get students thinking about the social impacts
of climate change. Ask what life might be like for urbanites who
may be subject to much different climates than what the city was
designed for. For example, if Melbourne were to become warmer
and drier, what effects could that have on local water supplies? Or
what would happen in Sydney on the demand for air conditioning

2.

3 .

47
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Climate Changes in Australia's Largest Cities

City (State)
Probable Climate Changes
in Doubled CO2 World 1990 Populat ion

Sydney (NSW)

Melbourne (Vic.)

Brisbane (Qld.)

Perth (WA)
Adelaide (SA)

warmer, wetter, less windy
warmer, drier, windier
warmer, wetter, less windy
warmer, drier, less windy
warmer, drier, less windy

3,391,600
2,604,000
1,"157,200
1 ,001 ,000

987,100

Sources: Henderson-Sellers and Blong 1989; National Ceographic Society 1990.

in summer? These and similar questions can be used to bring home
how these changes could affect daily lives. Ask students to imagine
their own climate much warmer or wetter (or drier) than the present.
How would their lives possibly be different?

. Have students find out how their local power is generated. Is
the power plant fired by coal, oil, natural gas, or by one of the
noncarbon-generating alternatives ?

o The discussion concerning how air-conditioning and refrigera-
tion have relied on greenhouse-gas emitting chemicals can be
gteat1y expanded. Among other options, students could inter-
view residents at a senior center to learn more about what life
was like prior to the widespread avallability of these amenities.

o Have students conduct additional study into the ecological and
economic importance of wetlands. This could be done in con-
junction with a life science or STS class.

o Have students look back at late summer 1 9 8 8 issue s of Time,
Neusweek, and other popular periodicals to examine the mass
media's reaction to the 1988 drought and global warming
scare. Other sources include Time's 1988 "Planet of the Year"
issue and National Geographic's end of 1988 report on
environmental problems. Students can explore the role of the
popular media in making people aware of an issue.'Were all
sides covered adequately? How were data presented?

o Contact public relations representatives from energy industries
andlor CFC-producing industries. Ask them to come to your
class to explain their industry's perspective in more detail.
Have them describe the economics of their business and their
concerns about greenhouse-gas regulations.

The following Extension Activities would be useful in promoting
civic participation and citizenship education.

o Contact the'World Wildlife Fund (202-293-4800) to find out if it
still has a program to save one acre of rainforest for $25.00. The
class could undertake fundraising activities to support this cause.
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Have students create a 30-60 second audio andlor video
advertisement to promote awareness of global warming. Try to
get local radio and TV stations to air the spot as a public ser-
vice announcement.
Have the class conduct a survey in the school to see how other
students perceive the global climate change issue. Are their
peers familiar with it? Do they see it as a major problem?
Have students chart the trends in average annual temperatures
in your area. Students can ask local meteorologists (perhaps by
writing to local TV weatherpeople) andlor librarians for data on
the region's temperature records spanning the years 1900 to
1,990. Have students graph the data and judge whether the
region has already experienced warming during this century.
Have students investigate where their local, state, and national
politicians stand on this issue. Many cities have already enacted
ordinances to force reductions in CFC usage by local industry.
\X/hat measures, if any, has your city taken to cut CFCs? Has
there been any action taken by your state legislature? \fhere do
your state's senators stand on bills that have been introduced to
set national goals for carbon dioxide reductions?
Organrze a Global'Warming Awareness Day at your school. Have
the class prepare informative posters and other materials to edu-
cate the rest of the school about the complexity of the issue.
Use the Optional Extension 

.Worksheet 
on the following two

pages. This activity illustrates the point that, if global warming
occurs, temperature extremes are likely to be more severe. The
greatest change in winter temperatures in the southeastern
United States is inland, away from the coasts. \Tarmer winters
will probably mean a reduction in energy use, as less heating
would be needed. As for summer, everywhere in the southeast-
ern United States can expect about a month more hot weather.
This would greatly increase energy use for air-conditioning.
The net effect in both cases is that energy use would increase.
Smith and Tirpak (1988) calculated that because of higher
temperatures, the Southeast's demand for electricity would rise
about 10 percent by 2055. The costs of providing this electrici-
ty range from $77 to $110 bi l l ion by 2055. Ask how this
might further worsen global climate change. [More energy
needed for air-conditioning could mean more fossil-fuel use.]

Optional Extension Worksheet
What Could Be the Effects of Global Warming in Southern Cities?

The Southeastern United States is one of the few areas that spends
as much money on air-conditioning as on heating. Even in January,
about half the region experiences average temperatures above 50'R
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Frequency of Hot and Cold Days for Selected Southern Cities:
Present Conditions Compared to Doubled CO2

Number of Winter Days with
Daily Low Less than 32'F
Present Doubled CO2

Number of Summer Days with
Daily High Greater than 90"F
Present Doubled COr

Atlanta, CA 38
Birmingham, AL 36
Charlotte, NC 42

Jackson, M5 34

Jacksonvi l le,  FL 9
Memphis, TN 41
Miami ,  FL  <1
Nashvi l le,  TN 43
New Orleans, LA 15

Source: Smith and Tirpak (1988)

and almost the entire region has a typical daily high above 50'F. 
''ifith

the exception of the mountains of Tennessee and North Carolina,
global warming would increase the number of days during which tem-
peratures would be unpleasantly warm (see the following table).

21
8

24
6
2
8
0

15
4

53
73
57
83
81
75
84
20
85

17
34
23
55
46
51
30
11
55

t .

2.

3 .

4.

Optional Activity
Locate each of these cities on the following map and label the dot
for each on your worksheet.

From the two columns under "Daily Low Less than 32"Fr" figure
out the total decrease in number of cold winter days for each city
in the doubled-CO7 scenario. 

'Sfrite 
this number in blue next to

the city's dot.

From the two columns under "Daily High Greater than 90'R"
figure out the total increase in number of hot summer days for
each city in the doubled-CO2 scenario. Write this number in red
next to the city's dot.

Examine the pattern on the map and answer the following
questions on a separate sheet of paper:
a. \fhich parts of the southeastern United States are likely to

experience the greatest change during the winter?
b. How will warmer winters affect energy use in these areas?
c. Which parts of the southeastern United States are likely to

experience the greatest change during the summer?
d. How will hotter summers affect energy use in these areas?
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Lesson IAdding Up the CO2 You Spew

Gasoline
Find out how many miles your family's car was driven last year. Divide the total miles by
the approximate miles per gallon to get the total number of gallons used. Each gallon of
gasoline produces 20 pounds of CO2.

Example: A car for a family of four was driven 20,000 miles last year. It
gets 20 miles per gallon, so that means it used 1,000 gallons.
That equals 20,000 pounds of CO2.

Electricity
Find out from one of your family's electric bills how many kilowatt-hours your household
consumed last year. If your power comes from coal-fired power plants, then each kilowatt-
hour produces two pounds of CO2. (If your family's power comes from hydropower,
nuclear power, or solar power, then no carbon was emitted. Your local utility can tell you
how your family's power is produced.)

Example: This family of four used about 1,2,000 kilowatt-hours. That's
24,000 pounds of CO2 emitted to produce this power.

Natural gas
Again, you'll need a utility bill if natural gas was used for heating, hot water, the stove, or
electricity in your home. Burning 100 cubic feet of natural gas produces 12 pounds of CO2.
(One hundred cubic feet equals one therm, which is the unit many utilities use for billing.)

Example: The family used about 1,000 therms of natural gas, producing
12,000 pounds of CO2.
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Indirect production

You must next account for the greenhouse gases produced by activities other than those
related to energy. These include purchasing goods and services based on agricultural and
industrial processes that produce CO2, CH4, and CFCs. Recall that these other sources
account for half of total greenhouse emissions. Thus, you must double your total from the
energy usages above to approximate the'total greenhouse gases emitted into the atmosphere
by your family.

Example: The total CO2 emitted from gasoline usage, electricity and nat-
ural gas by our sample family of four was 56,000 pounds.
Double that to account for all indirect emissions for a total of
112,000 pounds.

Convert to per person usage
Take the total of all direct energy and indirect activities and convert it to tons of greenhouse
gas produced (1 ton = 2,000 pounds). Divide by the number of people in your family to get
the per person greenhouse emissions, in tons, for your family.

Example: The family of four emitted 112,000 pounds. This equals 56 tons,
or 1.4 tons per person.
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Trend of CO2 Abundance in the Atmosphere,
1850-2030
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Comparison of Energy Consumption and
Population by Region
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Lesson 4

Instructions and Questions

On Activity 3, you get a different view of Table 3. The dotted, diagonal line represents a
"fair share" line. This shows how much energy would be used by a region if it used the
same percentage of the world's energy as it had of the world's people. In other words, the

fair share means that if a region had 1,0% of the world's people, it would use 10olo of the
world's energy.

A. Compare each region's income per person (Table 3) to the world average ($3,+ZO;.
Classify each region by its wealth. Call a region deueloped if it has more than the
world average income per person. If the region has less than the world average income
per person, classify rt as deueloping.

B. Using Table 3 and Activity 3, graph the percentage of energy use by region and the
percentage of world population by region. Plot a point on your worksheet, one for
each region, at the intersection of its percentage of energy use and its percentage of
population.

C. Draw one circle around the points that you think use more energy than their fair
share. Draw a second circle around the points that you think use less energy than their
share.

D. Compare your classification of development (Question A) to your results from

Question C (regions using more or less than their fair share of energy). What is the
relationship between each region's wealth and its amount of energy usage?

E. How is a region's level of economic development related to its emission of carbon
dioxide from burning fossil fuels?
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World Map
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Lesson 5Questions on Figures 7 and 8

a. What kinds of land use are most commonly associated with areas of low soll
moisture?

b. 
'\X/hat 

kinds of land use are most commonly associated with areas of medium soil
moisture?

c. What kinds of land use are most commonly associated with areas of bigh or uery high
soil moisture?

d. According to the OSU climate model, what states of Australia will experience an
increase in soil moisture if global warming occurs? \fhat states will have a decrease?

e. According to the NCAR climate model, what states of Australia will experience an
increase in soil moisture if global warming occurs? \fhat states will have a decrease?

f. According to the UKMO climate model, what states of Australia will experience an
increase in soil moisture if global warming occurs? Xfhat states will have a decrease?
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Lesson 5Questions on Figures 7 and 8

a. \Vhat kinds of land use are most commonly associated with areas of low sorl
moisture?

fDeserts and some ranoelandl

b . What kinds of land use
moisture?

fMainlv ranoelandl

are most commonly associated with areas of medium soll

\7hat kinds of land use are most commonly associated with areas of high or uery high
soil moisture?

lCrooland and forestsl

d. According to the OSU climate model, what states of Australia will experience an
increase in soil moisture if global warming occurs? \What states will have a decrease?

llncreose - all states

Decreose - nonel

e. According to the NCAR climate model, what states of Australia will experience an
increase in soil moisture if global warming occurs? 

'Sfhat 
states will have a decrease?

llncrease - westernmost Western Australia; Victoria, Tasmania, parts of New South

Wales and South Australia

Decrease - Northern Territorv Oueensland, most of New South Wales and South

Australia, easternmost Western Australial

f. According to the UKMO climate model, what states of Australia will experience an
increase in soil moisture if global warming occurs? \fhat states will have a decrease?

Uncreose - Northern Territory, South Australia, Tasmania, Victoria, nearly all of

Oueensland. New South Wales. and Western Austral ia

Decrease - westernmost Western Australia. parts of Oueensland and New South

Walesl
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Lesson 5 Quiz

Answer all questions on a separate sheet of paper.

1. Use an almanac to identify the principal economic resources of Australia and
New Zealand. Make a list of these under the categories crops, mining, and animal
products.

Underline those that your almanac describes as major export products.

Star those economic activities that add greenhouse gases to Earth's atmosphere.

Some people believe that activities that add greenhouse gases should be stopped in
order to reduce the chances for global warming. What kind of impact would such a
policy have on Australia's and New Zealand's present economies?

5. (a) Australia ranks fifth in the world in coal reserves, after the United States, Russia,
Germanv. and China. How would worldwide efforts to lower fossil-fuel emissions
affect this resource?

(b) Australia ranks second in the world
How might world efforts to use nuclear
sources affect this resource?

in uranium reserves, after the United States.
fission as an alternative to fossil-fuel energy

(c) If you were an economic planner in Australia, which type of energy source, coal or
nuclear, would you try to promote?

6. Write a parugraph discussing this question: Taking into account everything that you
have heard and read about so far, do you think that global warming will be good or
bad for Australia and New Zealand?
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Lesson 7Instructions and Questions

a. Use the map scale on the first page of Activity 7 (which is a copy of Figure 12 tn the
student DataBook) to estimate the total length of existing levees, in miles, in the
Morgan City area.

b. On your Activity map, color in the area that would be flooded by a 5-foot rise in sea
level. Look at the area around Morgan City. What kinds of land uses would be lost in
this area if the sea rose 5 feet?

c. Estimate how many more miles of levees would need to be built to protect all of these
land uses. At $3 million per mile, what could be the total cost to protect the Morgan
City area1

d. Refer back to Figure 11 (page 48). The present shoreline of Louisiana is about 7,700
miles in length. The shoreline around Morgan City shown on Figure 12 ts about
1 percent of this total. Estimate how much money would need to be spent to protect
all of the Louisiana coast.
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Lesson 2A Comparison of Celsius and Fahrenheit Scales

Celsius Fahrenheit

104"

86'

68'
Current
globol averoge
temperature

50"

Woter freezes 32"

-1 0" '14"

Equivalent temperature in Celsius and Fahrenheit can be found by simply placing a ruler
across the two scales.

lf you need to find equivalences for temperatures over 40oC (104"F) or under -20'C
(-4"F), use the formulas below.

Conversion of Celsius to Fohrenheit: "F = (9/5 x'C) + 32
Conversion of Fohrenheit to Celsius: "C = 5/9 x (F - 32)
(o chonge of 5" on Celsius scole equols o chonge of 9o on Fshrenheit scole)

-4"
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Lesson 7Two Effects of Rising Sea Level

On a rocky coast (a) a 1-meter rise in sea level has little effect, but on gently
sloping sedimentary coasts (b) a coastline retreat of 20-200 meters can be
expected.

1 m rise in sea level

(a)

rocky coast

(b)

2O-2OO m retreat of coastline

1 m rise in sea level

present sea level

sedimentary coast with gentle gradient
present sea level

Source: Henderson-Sellers and Blono 1989.
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Lesson 7

spear point for
pumping water

1 m rise in sea level

saline groundwater

present sea level

Figure B The rise in sea level wil l allow greater penetration of saline waters into areas
where fresh groundwater is currently an important resource.

Source: Henderson-Sellers and Blono 1989.
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Lesson 7Contour Map of Morgan City, Louisiana

Morgan City, LA, region corresponding to arca shown in Figure 12
(Activity 7).

Heavy lines define areas with elevation between 5 and 10 feet. Light lines
show position of present sea level (elevation - zero). All areas outside heavy
lines would be submerged by S-foot sea level rise.
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Geographic Inquiry into Global Isswes

Global Climate Change

r-*----_l

\\A/\nut could haPPen
c\

if gtobal warming occurs I'

. What human actions are causing Earth to warm upi

. \fhat could happen if world temperatures get hotter?

.Shou ldsometh ingbedoneabou tg loba lc l ima techange?What?

. -il/hat can You do to helP?

i
I
I
I

In this module, you will explore,the issue of global warmlng'

Human activities "L 
trt""tiffi'th" atmosphere' but scientists

don,t know.*".0i 
"frl*,fi;t 

iriff uff..i*orld climates. It is possible'

however, that globai^t1i"'u" changewill have an impact on society

during your lifeti# il;; 
""di"f.Australia 

and New Zealand

shows how devel";;;t""tries produce the gases that may cause

global warming. i.;";ili;i;o ,." ho* less-developed countries pro-

ducetheseru-.gur.r .other lessons."u* i r r .potent ia l impactsfrom
elobal warming' il t;Jtht mod"le' fou will iebate what the best

!itt,.gv is for dealing with this issue'
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Geographic Inquiry into Global Issues

What human activities
may cause Earth's climate

to warm uP?
t-

GlossarY
Words

carbon dioxide lCOr)

chlorof I uorocarbons (CFCt

climate

global warming

greenhouse effect

greenhouse gases

methane lCHo)

nitrous oxide (NzO)

What's the Problem?
Here',s how one observer described the situation several years ago'

[Wi thout ]awor ldwideef for t toreducegreenhouse-gasemis-
s ions ,anave rage tempera tu re r i seo f3 togdegreesFahrenh .e i t i s
l ikely by 2050.1. .  suih a radical increase is guaranteed to tr igger

economic -ano ,oc iu |upheava |onag randsca |e . l t seco log i ca |
impactsJarmsturn ing intodeser ts , icJcapsmel t ing,sea|evel r is -
ing, entire forests dylng-will be [disastrous]' Global warming
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6 Geographic Inquiry into Global Issues

Which of these emit greenhouse gases? a
1. Burning coal

2. Burning oi l

3. Burning natural gas

4. Burning wood

5. Deforestation
6. Coal mining

7. TransPorting natural gas

8. Rice cult ivation

9. Domestic l ivestock

10. Ter:mites
11.  Landf i l ls

12. Nylon manufacturing

13. Cement manufacturing

14. Soil  fert i l izers

15.  Foam seat  cushions

16. Air condit ioners

17. Plastic food Packaging
18.  Foam insulat ion

19. Solvents for cleaning

electronics
20. Refrigerators

l l l r r ' , ' ' i L  l

Do you thinl< tl-ris wr:iter is probably right? \Why or why not?

Since greenhouse gases are chiefly the result of. 'human indus-

try and agriculture, i t  is not an exagq;ration to say that civi l ization

itself is the ult imaii lu"" of global warming (Revl<in 19BB)'

0
i , , r i i i f l l ; ' , 1 i  i l . . ; , i l i  I  i l r ' t i l , l ( i r '  1 1 r ) i " ' ; L i . ' ; i ' r  t i i r

' L l l r , ' "  , i ;  i ' i ' r i l r  i r l l L  i i ; l  r '

Hctw many gr:eenhouse gases does yor'rr own farni ly release each

year? Use t 'e i"f"; ; . ; ;r y"o* teachei provides t. crlculate h.w

ffin v.",. i"-,fy emits. Compi.rre your farnily's amounr to the

United States nu.rug. and to how muchis considered each person's

riehtful share.

Adding uP the COz You spew

Americans generate 18'4 tons of CO, per perso:.^but that f ig-

u re i sm is lead ingbecause i t l umps toge t -he rgove rnmen t ' i ndus t r i -
al,  corporate, ano personal production of CO'' Unless you are

Donald Trump, youitotui should be signif icantly less' '- '  '  -
To put this in p;t;p;;i"t, ryotlllig" 

releases of Co' from fos-

si l_fuel combustion-ui. .rrr"ntly 22 bi l l ion tons per year. Experts

think that stabil izini tr. . l .  l r irrt .  wil l  require slashing that in half,

to 1'l billion tons. ;;;t; the planet's populatioi ':I"*jl:?.ltll

more than 5 bi l l ion, each person's r ightful share of CO' emtsstons

is  about  two tons annual ly" (Udal l  1989'  page 33) ' I
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8 Geogrophic Inquiry into Global Isswes

q"/ I
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o

0

r Understand whY many

scientists expect increased

amounts of greenhouse
gases to cause global

ivarming over the next

few decades'

'  Recognize the difference

b.twJ.n a scientific fac-t

igr..nt oute effect) and

u"n rrnP.ouen scientific

hyPothesis  (g lobal

warming) '

What is the greemhorlse effeet?

Earth's global averag-etemperature is caused by:

received; tzi^t""iigftt 'jlected; and (3') heat energy

radiated b":'k;'f;t;h bv the atmosphere (Figure 1

5Ct

Ohiectives
this lesson, You will

Explain the greenhouse

effect.

Describe how the amount

of gr..nhouse gases in the

ui,iotpt't.te has increased

since ihe Industrial
Revolution.

ffiffmssmmY
Wwwds

carbon dioxide (CO2)

ch lorof luorocarbons (CFCs)

enhanced greenhouse effect

global  warming

greenhouse effect

greenhouse gases

longwave radiation

methane (CH4)

nitrous oxide (Nz0)

shortwave radiation

(L) sunlight
trapPed and re-

on page 10) .
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Figure 1

Geographic Inquiry into Global Issues

The greenhouse effect of the atmosphere on Earth's average
temfierature. Diagram is not to scale and the size of the
atmosphere is exaggerated.

Earth with
Average surface

No Atmosphere
temperatur€ = -18'C

Outgoing
heat energY

(longwave
radiat ion)

Earth is heated
by  sunsh ine
and emits heat
as longwave
rad ia t ion ,  wh ich
escapes into
space.

Earth with TodaY's AtmoshPere
Average surface temperature = +1SoC

Nrii iiii,

(On average, clouds,
snow, and ice reflect
about 30% of incoming
sun l igh t . )

Greenhouse
gases  in  the
atmosphere
absorb some
heat from the
surface and
reradiate heat
back down to
the surface!

Incoming
sunl ight

(shortwave
rad ia t ion)

Source: Henderson-Sellers and Blong 1989'
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',2 , Geographic Inquiry into Global lssues

per billion" ? Think of it in several ways' One inch 91t^of 
L6'000

miles equals one part per billion._one second out of 32 years equals

.". puri per billion- P"rts per- billion may -seem extremely small' but

in ter-s of th. greenhouse effect, that is all it takes for these gases to

trap significant amounts of longwave heat energy'

Increases of greenhouse gas amounts
in Earth's atmosphere, 1850-2030
(parts per bil l ion of atmosphere volume)

Table 2

1850 estimated 1980 measured 1990 measured

average average .. lY:tug"
conce-ntration concehtration concentration

2030 probable
average
concentration

coz
CH,

Neo
CFCs

260,000
750

280
0

338,500

1 , 5 5 4

296

0.49

353,000
1 ,724

310

0.76

450,000
2,340

375

3 .10

Notes: 1. 1,000 purt, p"r-6iitfi l t purt p"r million. Thus, 1 ggo co2concentration was 353 ppm'

2. CFCrow shows the total of the three most commonly used of these chemicals'

Sources :Smi thandT i rpak lg88 ;Wor |dResou rces |ns t i t u te1990 ;B rownandPos te |1987 ;
Office for Interdisciplinary Earth Studies 1991 '
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Gectgrapbic lnquiry int<t Globdl Issnes

lce-core data l ink atmospheric COzand global

temperature

The best evidence that global warming is likely comes from a

s tudyo fan i cesamp le tak . " ' - ' i nAn ta rc t i ca .A teamofF renchand
Soviet scientists l inked the amount of greenhollse gases in the atmo-

rpf.. . .  to global temperature change,(Figure 2 on page 15)' They

str-rdied a 2,000-m.,.*d..p ice coie from the A'tarctic icecap-th:rt's-

.l.riur.l.r-rt io a 600-st'ry building! Ice cores cot-tsist of many layers of

ici,  deposited over thor-rsands t ' f  yea's in completely undisturbed con-

cl i t ions. E,ach layer of ice contains countless air bubbles, tr:apped and

sealed by the overlying ice. Air in the deepest layers has been there

for more than 160,006 y."" '  The core was opened' ancl the i ' r ir  with-

in was studied to measure the past concentfatior-r of carbon dioxide

ernd other gases (Sarncl 1990)'

14

0

7. How does rhc concenrrar ion of  carbon d iox ide pro iected

for  2030 (Table 2 on page 12;  compare to  r ts  concen-

t rat ions dur ing the past  160,000 years ( l - tgure L on

page  15 )?

Accord ing to  F igure 2,  what  seems to be the re la t ionship

berween long- term g lobal  temperature and atmospner lc

carbon d iox ide concentraf ion?

9.  Do you th ink changes in  CO, caused the changes in

temperature? Or could temperature changes have

cauied the changes in  COr? Can you t igure th ls  out

;;;;,h. i,' 'forrn"ation in Figure 2, or do you rteed

addi t ional  data?

B.

I
f

a

f 1 i

a0

- . " * r r r r, t ti.ft i{ llwAi
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"46 Geographic Inquiry into Global Isswes

greataSi tspre industr ia lconcentrat ionwi th in thenextcentufy .Most
:;;;; 

"gr". 
th"t this will increase the average surface temperature

from 1.5o to 4.5.C (Schneider 19?:) Earth's average surface temper-

ature could gu fto*i* ' f""" 'J.5"C (59"F)-to nearly 2O'C (68"F)'

This much global;u;tti"g could.occttr by the year 2030'

These numbers refer only to the o''"o'yn global temperature' That

is the average f-l.t*tt" to'*ut high and low temperatu'res' Scientists

expecr that extrem., .i [Gr, and"low temperatures will also change'

Hot days could b;;; In-".r. hotter. Andplaces with mild tempera-

tures could become much warmer'

But carbon di;;. ;counts for: onry about half o{ the expected

warmi n g. L-,.,,. u' i'fr ;ji;;Ltt-tttn h o uit ga s es wor-rld d o ub I e the

warming ."n..,.j rt';; ao; {rt"t 
in the next century' So' by the

;i;;^edr itr.lf dut'bles, Earih's lltl"gt 
surface teml:lature mav

increase berween 3;-;il g.c. A 3"C average warming would make

San Francisco as warm as San Diego is today. A z:c,average 
wafm-

ing wor-rld raise the average temperature of New York City to the

current average ;;;;;;tt nf bnytona Beach' Florida (Hoffman

e t  a l .  1983 ) .

Howdoesth israteofchangecompareto
Previous cl imate changes?

The expected global warming wil l .be large compared to his-

torical temperatur" thungt' '  ,^ ' l  
the last 2 mil l ion years' the

Earth has never O""n t"[ than 2' to 3'C warmer than it  is today'

ln the last 1 00,000 years, i t  has been at most 1'C warmer' and in

the last 1,000 V.u"l" 'rno't O'S"C wa.rmer' Since the last lce Age

(18,000 years ago), ' iu' t f t  f tut warmed about 4"C' and in the last

:;;i;t 
'rnor, 

6'+;c'rhe proiected warmins iol tht l:l::"ntutv
would be 10 t imes as rapid as the historical warming trend

(Hof fman et  a l .  1983,  Page 1 0) '

0

I0

10.ln what waYs could

problem for human
such raPid rates of warming P9t-t u

t " . i . ,v i  For  Plants  and animals?

11.  How could humans adapt  to  such a change?
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18 Geographic Inquiry into Global Isswes

From tempefature records, we know that eight of the ten warmest

years (global average rempefature) since 1850 have occurred since

iqSO iix/o.ld Resources Institute 1.990).Imagine you_are on a jury

oyirrg'ro judge whether global warming has already begun. Does this

fi,r, (ros"rhei with Figure 3 on page 1"7) ptou,e that the-global climate

i, *"rrriirrg up? Or is this only circumstantial evidence?

what other evidence from this lesson supports the theory that

global warming will result from an enhanced greenhouse effect?



ur suospas 6urnnor6 _ra6uo1 olrl sluauaq 6ulrq plno: ll ^lalll a^arlaq

{aq} se '}sapotu sl butLu'tpm aq} }l }€q} '(es aLuo5 'llP }.: outtulpnn

luerr;ruots ou ploq u"n" rq6t* "in11+ 
aLl] ]Pql pue palelsrano pue

paMel+ a.rp 6ur,-ulenn 1eqo16 +o 'r'n".ro+ ]eql pualuo) s:r1da>15

'slead

0t ]xou aql ul Sutru.re.u 1eqo13 asn€r rfW"11-1^t1:'.t"Y esnoquaaJ8

uI esEOJJuI 3I{1 Jeqreq'u eregoP slslluelfs Jeqlo lng 'SursuaJrul aq o1

"^;;; 
t; trrr; tttioquaa'r' to uollerlueruor eqr Pu€ lstxa ol u'^Aour

sr ]laJJe ..toqurriS aq1:rarure'^a aq deru d;nluac tsr11-dtuaml egl

]€qlslslluelrsaurosol'1"33't'/!\ouoruopt'tatalamoH-'8utru're't'rlou
.Burlooo ,"^ 

"r"*rlr 
arll lq8noqr slslluJlf,s dueu o8e 3uo1 ro51

16u1uue'n leqol6

lnoqu {s'lanorluot t!}!lua!ts orN} s! leqnn

@

(oUl) aueqloul

uorletPPl anem6uol

sese6 asnoquaal6

])o#a asnoqueal6

6utuurenn 1eqo16

slopotll aleulllf

(s:l:) suoqreloron llorolq)

(zO:) aprxorp uoqle)

sproNl
fresso;9

'slaPoiu o8uegl

oluurIIf, ;o drtltqetla'l

ar{t tnoqe suottsanb dueru

oJe eJar{} l€ql Pu€fsJoPun '

'3utru're,l

pqo13 tnoqE,(sra'l'o;luor
f,IIIluoIf,s aql OuruI€xfl o

11rlr. nod 'uossal slql ul

soAlt)o[qO

ielct€Plozreun
8ulurr€,lt l€qol8 sI

iffi,',
t

6L 
a7uaqS )ttttutl) loqol)



20 Geograpbic Inquiry into Global Isswes

temperate zones, more rain in dry areas, and an enrichment of

crops and Plant l i fe.
Much of the crit icism is aimed at computerized mathematical

models of the world's cl imate on which forecasts of global warm-

ing are largely based. . .  .  Al l  the models, said Dr. Richard Lindzen

of MlT, contain f laws that "could easily reduce the predict ions for

warming to well  under a degree" centigrade, or 1.8"F (Stevens

1989,  page 1) .

0a

$ffultll;;,lrit ,?iit"iil fifhr:l' ifil;a'utl'E:; i!rm ttlllne €,&ffftftKDtu:'ffi*e'rfi;eetdi

s: [l Ll'mr iaf'f.ee ll rfi .c,.ri le li r'" ?i

There are three major criticisms
predict climate change. These three
following pages.

of the computer models used to
criticisms are presented on the

Criticism A

Besides CO2,, a major greenhouse gas in Earth's atmosphere is

watef vapor. Eiaporation from the oceans and other bodies of water

puts water vapor into the atmosphere. The amount of water vapor

in the atmosphere is closely related to temperature. As temperatures

rise,, more water evaporates into the atmosphere. So, if temperatures

rise from the increase in greenhouse gases' mofe water vapol would

enter the atmosphere. Because water vapor in the atmosphere is

what forms clouds, this means that there would be more clouds

(Henderson-Sellers and Blong 1,989).
But exactly how more clouds will affect global temperatures is

cause for uncertainty in the climate models. Clouds help regulate

0

Earth's temperatufe.
Typically, clouds cover
half the Earth and
reflect 30 percent of
incoming sunlight back
into space. But clouds
do more than reflect
sunlight. They also
absorb some longwave
energy (heat) radiated
by Earth and re-radiate
this heat back to the
surface (Figure 1 on
page 10). Thus, clouds

l,l::ll:::

i,

Water vapor in the atmosphere forms clouds.
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The following quote explains why this leads to uncertainty about the

aci.:,rrracy of computerized climate models:

The heating of the upper part of the ocean (the top 70 meters

or so) can be '"fi"'"nt"o uy'a wa'ming body ?f 
*lt:t like a vast

swimmingo"" i : ' t i l fu "n"o" " "u"oq ' i t Ja lo tabouthowth is top
slice of the ocearl *itt *urn.'; nut ir,ere is almost four kilometers

below this, wrriih'i"'rr"J th; "deep;cean'" This deep ocean has

a circulation otit' 
"*"' 

*ftitft has to be modeled in the same way

as we model th; ';;;tprteric cirJution' All we can say with con-

t i o " n. " s o f a rci " " 
*i' o : : ?- "^fi ffi i:Tf 

t[?r' : :$] 
ttil'J'" I

sucfr a waY that warm water ts Pu

resul to f th is is- that thedeepo."unci rcu lat ion isef fect ive|yremov.
ing heat t'o'n 

-tf'" 
climate' 'y't"m' Oilo"'"' eventually all the

deepoceanw i l t ' * " t ' i l ' - r y "O in ' o t f t no * ' how long th i sw i l l
take (Hend""""-ilii"" uno Blong 1g8g' pages 47-49)'

How long will it take the deep ocean temperatures to rise to the

new surface temperarure? Most..i;;;;t-;-r-,i'*u" that warming of

the deep ocean #tli;;kt from 80 '" ioo yeal:'But some scientists

think it will take only 20 years,urri ortt.tt think it mav take as long

as 500 vears' H;;;'it'-i;;'g-i' i"rtt' io' tht deep ocean to heat' it will

slow global.ri*ut. change-do*" " 
ui, til.nderson-Sellers and Blong

198e).
Modelsofoceancirculat ionarelessadvanced,andthereforeless

acslate)tt'u" -LJtls of the ut*o'ptttte' Predictions about the

atmospher. .uo u.. i.,ted agains. .t'**.ions of other planets. But

there i, ,,o othJ';;;;;f,t t"r"t ttttem that can be used to test

scientific predictions about o,r, o..uit, i'."i.tton-Sellers 
and Blong

tese).

0a
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Lessmm sms6'EsHffiBffiw3fl

Cl imato logis tReidBrysonhadth is tosayaboutc l imatemodels :

As ta temen to fwha t t hec l ima te i sgo ing tobe in theyea rA .D .
2050 i sa63 -yea r fo recas t .Do the 'noo " t i haveademons t ra ted
capability of making a 63-year forecast? No' A 6'3 year forecast?

No. Hav6 t l . ,"y ,u..-"ssful ly simulated the cl imatic variabi l i ty of the

past century and a half? No' They are.marvels of mathematics and

compute; J. ' ,"n..,  but rather ciude imitators of reali ty (Brookes

1989,  Page 100) '

0a

10.

1,1..

Do you think that the evidence that supported the models

[;; ; ;J;; i . t ton 2) is enough to outweigh the crit icisms

in this lesson?

Clearly scientists are not in agreement' Wfal 
:lS]1^..

governments do in the face of this uncertalnty/ Do you

if, lnt more research wil l  solve the problem? Why or why

not? (0

How long wil l  i t  take for scientists to be sure?

I t  wil l  take at least f ive years to build the atmosphere'

ocean, biosphere, iunO-tu'fuie, sea-ice' and chemistry submodels

that are needed i i  scientists are to have any hope of predict ing the

"uoiuing 
regional cl imatic changes' Five to ten years may be nec-

essary to get computers large enough to run such models routine-

ty to o"t"irine the quality 6f tr'"lr forecasts. Also, some five to ten

i"ui, *iff pass before -uior data-gathering proiects begin to pro-

vide data to vaf iJate the'various iubcomfionents of such model-

ing. Thus, 10 to 20 years.is suggested as the t ime required for

everything to come iogetl-rer^aii tot detailed predictive skill to

become c"redible (Schneider 1991' page 27)'

\fhat's your optnion? Should we wait until we are certain that

globui;nrming will occur before we take any action? Or do you

Tfrirrf. the probl"ems of climate change are sevefe enough that some

action should be taken now? \X/hy do you think as you do? 0l

T-
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lfiI rn"tgy

W Industrial Processes

I ,,-. , oefotestation

ff i  Rgriculture and
livestock grazing

F igure4Sourceso fg reenhouse-gasemiss ionsby typeo fhuman
activitV.

Source: World Resources Institute 
'l 
990'

Coal burning power plant next to coal storage area'
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TabBe 3 Energy usage and population by world region 0)

Region

Population
(percentage
of world
total)

Energy used Annual
(percentage income
of world Per Person
total) (1988 U's' $)

United States

Europe

Former Soviet Union

East Asia

Latin America

Japan
North Africa/Southwest Asia

South Asia

Canada

Africa-South of the Sahara

Southeast Asia

Austral ia/New Zealand/Pacif ic

World total

4 . 7

9 . 5

5 . 5

22.9

8 .4

2 .4

5 . 7

21.3

0 .5

1 0 . 1

8 .5

0 .5

1 0 0 . 0

24.1

22.7

19.3

1 0 . 3

4 .9

4 . 7

4 . 3

2 . 7

2 . 7

1 . 6

1 . 4

1 . 3

1 0 0 . 0

19,780

12,170

8 , 3 7  5

570

1 , 9 3 0

21,040
. l ,950

3 1 0

16,760

46s

s90
9,550

s3,470

Note; Energy usage tigurel *uIiJsnT population figures are based on 1989 estimates'

sources:world Resour."i tnrtltut" 1gg0; population Reference Bureau 1990; National

Ceographic SocietY 1 990'

page 27 to determine what percentage of -L. Use Figure 5 on
world energy 

"tJ;;i.; 
on fossil fuels' What percentage of

Australian energy use does?

2. Table 3 shows how world energy cons,umptl:." 
:i::::rby

resion. Which four regions consume the most energyi

Wi.lcn four region s rhe least?

3. Do you cotrclude that I!t l t.gi9"s 
using the most,elt ' .gI- 

.*l i  the most.-f,on dioxid"e from buining fossil fuels?

Explain Your answer '

0(
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l t :  i l i ' ] ' l i '  l - i f l ' i l : r  1 - 1 1

About half of Earth's land surface is used for grazing livestock' In

Australia, the figure is closer to 7 5 percent' In some areas of

Austral ia, the average fanch covers about 190,000 acres. (This is

about the size of New York City.) Australia and New Zealandhave

more l ivestock than people (Table 4 below). Remember that these

animals ernit methane by their digestive processes'

Number of l ivestock per person, selected countries/
1986-1988

Number of cattle, sheeP,
and goats per Person

CI,

New Zealand

Austral ia

Argent ina

EthioPia

Brazil

United States

World average

sourie,World Resources Inslitute 1 990.

2 2 . 1 5

10.69

2.64

1 . 4 2

1 . 1 2

0.47

0.s6

CIl

7.

5.  \ f lhv do Austra l ia  and New Zealand have such re la t ive ly

h igh numbers of  cat t le  and sheep? Think about  what

these animals are used for.

}{IJ;! 
areas of Austral ia and New Zea|and have t lre most

B. What does Table 4 suggesr about. how important these

animals are to  the economies of  Austra i ia  and New

Ze,aland?

t
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Lesson summary
You now have a picture of the types of activities that Australians

and New Zealanders engage in that produce the significant green-

house gases. Based on what you have examined so far, do you think

these countries are representative of the world's developed countries?
How are these places similar to or different from the United States?
Think about how these activities relate to the high standards of living

that these places enjoy.
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in fac t ,wea the rmore than twoweeks in the fu tu re i s t hough tby
some to O" inf'"'"'iif| unpteOictable' So far' the best answers have

come fron1 .o*i"i3|. *fo.ls that simulate the workings of the

atmosPhere (Revkin 1988, Page 5 | ) '

Cl imatescientists,knownasclimatologists'us.e:gmputersto
model Earth,s .ri-ui.. ih. goul is to create a model that is accufate

enough to predictit-" fut"'i given changes t" 
:o:tif1:conditions-

such as a doubling;i .ot i"ihe ut-o'pht'e' But environmental sys-

tems are u.r, .o,'ipiit ut"i, u^amodels i-'"ut to simplify them' Even

the most po*.r6ri.ffi;;;1uu. li-itutions. If the workings of the

system are not completely understood or represented' then the model

;il;;.ri...ty u..,rru,.. This means rhat the model's predictions

will be less certain. erirr""gr, climatologists have a good idea of how

.ti*ut. works, not all factors are completely known'.

To predict .ff;;f;;; gtoUut *u'-i"g'.models first simulate cur-

rent conditions. Then the amount of carb;n dioxide in the model

atmosphereisdoubled.Thecomputefrunsunt i lnewatmospher ic
conditions ,tubililJ und ,ro further changes occur..The model makes a

map of expected changes. in l:qpl,ature"and 
precipitation under the

,i-,rl"t.d conditions of doubled COz'

In this f.rrorr,"yo" *itL*ottt with'some of these maps'-showing

howAustral iamightchangeinawarmercl imate.Threecl imate
models predict gf|t"f orriog., increases in temperature and precipita-

tion (Table e or,'p"Jft-:ij. i1r.r. models *.r. ir."ted bv climatolo-

@o

I

Climatologists at the National

Center for AtmosPheric Research

develop models to Predict
effects from global warming'
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What do the models predict for Australia?

The th reec l ima temode ls (Tab le6onpage ,35 )haveeachpro -
ducedmapsshowinghowthetemperatu ' .S"aprec ip i ta t ionmight
change ir. u *ur*eriustrali". S.r& maps show results of simulations

for a doubli;;;i;;-ospheric -or.o,r.i its.preindustrial level. The

models ,ir""fitt 
"" 

t"ha"ted g'eeihouse.effect from all gases'

including methane, cFcs, and"nitrous oxide. Predictions are usually

made for two seasons-winter and summer' (Remember that in

Austra l ia ,winterbegins inJuneandsummerbegins inDecember ' )
Imagine you are u p1",',,", i,,-.t'. l,li"i'try oiAgriculture in one of

Ausrralia's ,i"t.r. your job is to plan *_h1t typ. of-"griculture will be

possible in the future, *urrn., world. unforiunately, temperatur,e and

rainfall prediction, uion. are not enough to figure out how produc-

tive a plu.. *ill be for farming. rarmeis and ranchers need to know

about other 
"'ftt" 

of climatel Perhaps most importaxt is the

amount 
"i;;ii;;isture 

available foiplants to use (Henderson-..

Sel lersandBlonglgsg) 'no"*u*p le ' thepresentpat ternofso i l
moisture in Austraria corresponds Llosery to present land uses

( F i g u r e 7 o n p a g e 3 7 ) .  r  I |  :  ^ - , ^ . ^  L ^ - A ^ * t h o n n r e -
pr.ai.tins ,Jil -oirtrrre if co, doubles is even harder than pre

dicting ;;:;il';;;;i;f"[. sJir moisture depends upon both

t._p.r"t.oil"J ,ri"fall, which are both expected to increase. More

rain mean;;;;; *u,., will go into the,soir,.increasing soil moisture.

But higher temperatur., -.u"r mofe soil moisture will evaporate into

theatmosphere ,dry ingout theso i l .T ry ing topred ic tso i lmo is tu re in
any one t'h.;i; to,nplit'ttd by these opposite e{fects'

0.o

Any uncert'all'ty ln raln-

fall predictions means even

er.ul., uncertaintY in Pre-
iictins soil moisture' AIso,

soil m-oisture in the real

world dePends uPon how

much ,noitt.tt. is actuallY

drawn from the soil and

then released back to the

atmosPhere bY the Plants
themselves. To date, com-

puters can model
plants use water ln only a

very simPle manner' It

shouldn't be surPrising,

then, to see the wide range

of predictions for soil mois-

ture changes in Austr aha tf

CO, is doubled (Figure B

on page 38) .
Farmer feeds his sheep oats and wheat in the

Australian outback.
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How do develoPing countries
add greenhouse gases?

Obiectives

In this lesson, You will

. Compare sources of
greenhouse gases in

developed and develoPing
countries.

. Describe the causes of

deforestation and exPlain

how deforestation
contributes to the
potential for global
warmmg.

How do developing Gountries contribute to

greenhouse-gas emissions?
Overall, developed countries accounted for 54 percent of all 

, ',
greenhous.-gu, .-i'sions in 1988' Developing countrles accounteo

for 46 p.r..i,. Is this percentage higher or lower than what you

.*p. . . .d?wnvlDodevelopingcountr iesproducegreenhousegases
in tbe same way that developed countries do?

Recall th. diff.r.nces in ihe level of per person greenhouse-gas

emissions in the developing regions as compared to the developed

regions (Table 5 on page :1;'.Fig"tt 9 (page 41) shows the share of

toial emissions by tnth gtttnhouse gas for six regions'

GlossarY
Words

carbon dioxide (CO2)

chlorofl uorocarbons (CFCs)

deforestation

developing country

greenhouse gases

methane (CH4)
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Deforestation accounts for almost 90 percent of COt emissions
from developing countries (Flavin 1'989). There are two ways that

deforestation increases greenhouse gases. First, when trees are burned

to clear a forest, the combustion of wood puts CO, in the air.

Second, the removal of trees means that the CO, that the trees would

have removed from the air during photosynthesis stays in the atmo-

sphere (Schneider 198 8 ).
In the world's developing countries, the rate of deforestation

greatJy exceeds the rate of forest replacement. This results in a net

loss of forested arca.If forest loss continues to be greater than forest

replacement, the forests could ultimately disappear.
As Figure 9 on page 41 suggests, the regions with the greatest

rates of deforestation are Central and South America, Africa-South

of the Sahara, and Southeast Asia. The rate of forest loss per year is

extremely high in some countries. For example, the rate of deforesta-

tion in C6te d'Ivoire, Nigeria, El Salvador, Costa Rica, and Sri Lanka

is so great that these countries could lose all of their remaining
forests by 201,7 (\7orld Resources Institute 1988).

ln 1.987,11 countries accounted for 82 percent of the carbon

emitted from deforestation: Brazll,Indonesia, Colombia, C6te

d'Ivoire, Thailand, Laos, Nigeria, Vietnam, Philippines, Myanmar
(formerly known as Burma), and India (World Resources Institute

1.990\.

Lesson summary
Over the past several lessons, you have learned about human

activities that cause increases in greenhouse gases. Think about this
question: Can these causes of potential global climate change be

reduced?'Whv or whv not?
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A Louisiana coastal town in flood after a hurricane.
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The rising seas

If global ^verage temperatures increase from 1.5 to 4.5"C by the
year 2030, world sea level may rise from 20 to 140 centimeters dur-
ing the following decades. Sea level rise would be caused by fwo
things. First, the level would increase slightly because warmer water
expands. This is the same principle that causes mercury to rise in a
thermometer when it is warmed. Second, sea level would rise because
some of the ice now frozen in glaciers and ice caps would melt. This
rise in sea level would have major effects on the world's coasts.

What effect will sea level rise have on the U.S.
Gulf Coast?

A S5-centimeter (1.8 feet) rise in sea level would submerge almost
all of the Mississippi Delta (Figure LL on page 48). New Orleans
would become more vulnerable to hurricanes because most of the
city akeady lies below sea level and is only protected by levees.
Levees are wide earthen embankments erected along rivers and coasts
to prevent land from being flooded. For example, the area around
Morgan Citg Louisiana, is circled by major levees (Figure L2 on
page 49).

A one-met er (39.37 inches) rise in sea level would flood at least
30 percent of the Gulf's coastal wetlands and up to 4,600 square
miles of dry land. About half of the total wetland loss would be in
Louisiana. \flith a two-meter rise in sea level, Louisiana would lose
up to 80 percent of its wetlands and over 1-0,000 square miles of
land (Smith and Tirpak 1938).'S7hy are the coastal wetlands so
important?
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W Geographic Inquiry into Global Issues

These levees are over 300 feet wide at their base. Building levees this
big can cost over $3 million per mile. More money must be spent
afterward on maintenance, to keep the levees effective (U.S. Army
Corps of Engineers, New Orleans District).

In order to cope with sea level rise along the Gulf Coast, the
United States would have to spend a great deal of money. Consider
this: 

'!7i11 
the poorer nations of the world be able to deal with poten-

tial effects of sea level rise as well as the richer, more-developed
nations?'Sfhy or why not?
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\Would supporters of this strategy more l ikely be from

developed or developing countries? Why?

3. Why {g rhe supporters believe this strategy is fair and
equitable?

i x"" ili:::ffi :T;:':i::ffi110", *n,*,,,,
does not develofi into a maior problem? $7hy or why not?

Strategy 1: No action

The U.S. Department of Energy has stated that there is too much

uncertainty about the effect climate change will have on individual

regions. They said it would be "folly" to invest money to fight a

problem whose effects are this unclear (Schneider 19BB).
Despite the lack of solid scientific evidence, over 60 percent of the

U.S. public is convinced that global warming wil l  worsen. In fact, sci-

entific uncertainty has been used as a reason to take immediate

action. One TV reporter argued, "Even if we aren't sure it's true,

shouldn't we take precautions and act now as if  i t  were?" (cited in

Brookes 1989). Brookes (1,989, page 98) responded:

Unfortunately, "taking such precautions" could well spell  the
end of the American dream for us and the world. Once CO, is in
the atmosphere, we can't easi ly remove it .  Since most of the fore-
cast  r ise in  the gas is  a  funct ion of  s imple economic and popula-
t ion growth in fdeveloping countries], there is no realist ic . .  .  way
to prevent a CO, doubling without slashing growth and risking a
revolt of the have-not nations against the haves. By the middle of
the next century, developing countries wil l  account for the bulk of
the greenhouse gases emitted into the atmosphere, even if  they
succeed in doubling energy eff iciency.

On November 7, 1,989, the United States and Japan refused to

sign a resolution at an international conference on global climate

(0

I
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Agriculture

The workshop concluded that the productivity of plants in New

Zealandwould increase in an atmosphere that contains more carbon

dioxide. To take advantage of the warmer environment' growers may

need to relocate. Increased diversity in crop production may be possi-

ble. For example, fruit species new to the area, such as bananas and

other srrbtropical fruits,iould be grown. Tree and livestock species

better suited to warmer environments could be established. Identifi-

cation of possible losses and gains in export markets should begin

immediately.
Despite the uncertainty of climate changes over the next few

decades, farmers must adapt to the changes. The most important

ud"ptrtion will be to use different plant breeds and crops. This is

especially true for farmers in countries in higher latitudes (such as

Ni* Z."tand and the United States), where climate change may be.

most severe. Farmers should shift to crops adapted to warmef condi-

tions, to take advantage of the expected longer growing seasons. In

some places, summer drought may become a problem' Farmers

shouli change from crops that grow only in summer to those that

grow in othJr seasons. To make such changes, farmers will need

irorr.y. Better predictions for climate changes at a regional level are

also needed. G-overnment help will be needed when farmers' own

resources of know-how and money are insufficient (\World Resources

Institute 1,990).

Strategy 3: Prevention

This [strategy] begins from two premises. The first is that trend

is not destiny;-what has been caused by human activity can be

mitigated by-more appropriate human activity. The second is that

;rapiOl climate change will, overall, be harmful. Despite local

opportunities that miy be created, . we are generally better

abapted to the climate we have lived with for generations than to

any other (Fitzsimons 1988, page 1).

Here are three reasons why preventing climate change is better

than adapting to a future warmer climate:

1. \7e are too uncertain exactly what climate will occur, so it is

impossible to know just what to adapt to. climate models do

.roi do a good job predicting what will happen on a local level.

Unprediciable local changes in rainfall or storm frequency may

be more important than temperature'

2. Adaptation strategies are useful only in the immediate future,

p..hupr the next 50 years at best. But this is just one point on
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Strategy 4: "Tie-in"

Scientists agree that some climate changes are unavoidable
because the atmosphere has abeady changed. But the rate of change
can be affected by actions that people take now and in the future
(\Tellington Conference on Climate Change 1988).

The main goal should be to slow the rate of increase of green-
house gases, so that we can delay global warming. For example, if
CO, increases at a rate of 3 percent per year, its concentration will
double by 2036. But if the increas e rate is slowed to L percent per
year, then the doubling won't happen until the year 21'00 (Fitzsimons
198S). This extra 60 years would give us more time-time to do
more research, to predict problems before they occur, and to develop
adaptation plans, such as breeding drought-resistant plants and
building seawalls (Udall 1.989).

The Earth's cl imate is far from being understood. Natural

[reactions] to the warming, l ike increased cloud cover, might
come to the rescue by damping down any greenhouse effect. But
why bet on it? The greenhouse warming may not arrive for several
decades, or it may already have started. . . . Either way, the pre-
cautionary measures already at hand are cheap insurance against
risks of such magnitude (Editorial, The New York Times, Jan. 27,
198e).

The most sensible precautionary measures to deal with potential
rapid climate change are called "tie-in" strategies. A tie-in strategy is
an action that reduces the amount of greenhouse-gas emissions and
at the sa.me time also gives society other benefits not related to cli-
mate change (Schneider 1988).

The most important tie-in strategy is to use energy more efficient-
ly. Any fossil fuel that ts not burned produces no COr. At the same
time, no pollutants or acid rain are produced to cause health prob-
lems. Also, there is no dependence on imported oil. And the less ener-
gy it takes to manufacture a product, the lower its cost. This makes
the product cheaper to sell, which makes it more attractive to buyers
(Schneider  1988) .

Other possible tie-in policies to slow the rate of greenhouse-gas
emissions include banning CFCs; using renewable energy sources,
such as solar power; beginning a global effort at reforestation; and
helping developing countries to advance themselves using renewable
rather than fossil fuels (UdalI 1,989). Banning CFCs, for example,
both reduces a major greenhouse gas and removes the major cause of
the ozone hole.
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all,  economic progress is no longer l inked to fossi l-fuel use, air pol-
lut ion, and acid rain. Recent advances in renewable technologies
could al low fdeveloping] countries to leapfrog the dirt iest stages
of the industrial ization process (Udall 1989, page 31).

Below is a declaration from representatives of over 130 countries

about what should be done about global warming.

M i nisterial Declaration,
Second World Climate Conference,

Geneva, November 1990

We, the Ministers and other representatives from 137 coun-
tr ies and from the European Communit ies, declare as fol lows:

We note that, while cl imate has varied in the past and there is
still a large degree of scientific uncertainty, the rate of climate
change predicted . .  .  to occur over the next century is unprece-
den ted . .  .  .

We consider that a global response ensuring sustainable devel-
opment of al l  countries must be decided and implemented with-
out further delay. Developed countries must take the lead.
They must al l  commit themselves to actions to reduce their major
contributions to the global net emissions and enter into and
strengthen cooperation with developing countries to enable them
to adequately address cl imate change without hindering their
national development goals and objectives. . .  .

We urge developed countries to . . . develop programs/ strate-
gies, and/or targets for a staged approach for achieving reduc-
t ions of al l  greenhouse-gas emissions. . .  .

We recognize that developing countries have as their main pri-
ority al leviating poverty and achieving social and economic devel-
opment and that their net emissions must grow from their, as yet,
relatively low energy consumption to accommodate their devel-
opment needs. . .  .  To enable developing countries to meet costs
required to take the necessary measures to address climate
change and sea-level rise . . we recommend that adequate and
addit ional f inancial resources should be mobil ized and best avail-
able environmental ly sound technologies transferred expedit iously
on a fair and most favorable basis.

Source: Sand 1 990.
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Japan has said it will stabilize its greenhouse emissions at "the

lowest possible level" by 2000. The Japanese parliament

"pprou.d 
a bill in 1988 to provide tax incentives for industries

to recycle and conserve CFCs.

Great Britain planned to return its emissions to the present

level by 2005 and is also considering controls on methane

leakage.

o Norway planned to stabilize its CO, emissions by 2000 and

then reduce them.

. The Netherlands propose d to freeze or cut CO, emissions by

8 percent and increase spending on energy efficiency.

. Sweden approved a freeze on emissions in 1988 and planned

to start a carbon tax in 1'991,.

. In 1,992. the European Community banned production and
consumption of CFCs, effective in 1,995.

Sources: Flavin 1 989; Speth 1 990; Boulder (Colo') Daily Camero 1992'

Steps being taken in the United States

In 1,990, the U.S. government spent $191 million for research on

global climate change (Flavin 1,989). Over two dozen bills to reduce

ind prepare for global warming were in preparation in the U.S.

Congr.s during 1989 (Riebsame 1.990). Senator Timothy Wirth of

Colorado introduced a bill to cut carbon emissions by 20 percent by

the turn of the century. The State of Oregon has already passed a

similar law. Vermont and California are also evaluating state energy

policies and proposing decreases in greenhouse-gas emissions (Flavin

1,989).
If these plans are enacted, a decrease in greenhouse-gas emissions

is expected in the world's developed countries (Figure L4 on page

e f ). this estimate is based on each country's probable population

and economic growth and the announced plans for decreases in

greenhouse-gas emissions. (Numbers are based on each country's

Greenhouse Index scores, which you studied in Lesson 4')



' 
166l'le la puoLutupH :nJnos

'sueld pe)unouue

uo paseq 'goozol 886 L ulo{ solrlunof podole^ap

ur suolssrura seo-a;;;qurtro ut'autl)op peleLullsl 71 ern6;1

zao1.oT
TD

-o_;XtJrrol'je U)f

*9fgEAnd:qqi,E
a=il*Eie€8€6i'='o-

5 cze' =(D6

6'€= iitoNal=' \/ qe=!rif=(o
q38-3E-qB -e'i*qqaa3
U,g)JJ

olF
o
o
=
o,
cl

0zoCL
o
g
a
o

0e 5'
GI
o
o
5

otd
o
o
5
CL

ogP

a&uvq1 axowtl) Pqolt



Geographic Inquiry into Global Isswes

-11trrossArv

Carbon dioxide (CO2) A gas produced by
numerous processes, including respi-
ration and burning of carbon-based
fuels. It is the principal greenhouse
gas in Earth's atmosphere. See green-
house gases.

Chlorofluorocarbons (CFCs) A family of
chemicals used in a variety of indus-
trial products. One of the major
greenhouse gases in Earth's atmo-
sphere, and also the leading cause of
ozone depletion. See greenhouse
gases.

Climate The long-term average conditions
of temperature and precipitation in a
region. It is a complex environmental
system, involving interactions among
the atmosphere, oceans, land, ice,
plants, animals (including humans),
and energy from the sun.

Climate models Computerized representa-
tions of the factors that control cli-
mate. They use the laws of physics to
predict what could happen to the cli-
mate given any situation, such as a
change in the amount of carbon diox-
ide in the atmosphere.

Deforestation The temporary or perma-
nent clearance of forest for agricul-
ture or other purposes.

Developed country A nation that has a
high degree of industrialization and a
relatively high level of wealth, usually
expressed by a high average income
per person.

Developing country A nation that has a
relatively low level of industrializa-
tion and relatively low level of
wealth, usually expressed by a low
average income per person.

Enhanced greenhouse effect On Earth, the
greenhouse effectmay be enhanced or
intensified if concentrations of green-
house gases are increased by human
actions. Many scientists believe that
an enhanced greenhouse effect will
cause global warming. See global
warming.

Environmental system The connections
and interactions among all parts of
the physical and biological environ-
ment: air (the atmosphere), water (the
hydrosphere), soils and rocks (the
lithosphere), and plants and animals
(the biosphere).

Global warming The hypothesis that
Earth's global average surface temper-
ature will increase during the twenty-
first century because of a doubling of
greenhouse gases in the atmosphere.
See greenhouse effect, greenhouse
gases.

Greenhouse effect The warming of a plan-
et's surface when heat (longwave
radiation) is trapped by certain gases
in the atmosphere, the way the glass
walls and ceiling of a greenhouse trap
heat and humidity inside. These
greenhouse gases let in the sun's
shortwave radiation but block the
emission of longwave radiation back
into space. The trapped heat thus
keeps the planet warm. See enhanced
greenhouse effect, greenhouse gases,
longwave radiation.

Greenhouse gases Gases in the atmosphere
that trap longwave radiation. In
Earth's atmosphere, these gases
include carbon dioxide, water vapor,
methane, nitrous oxide, and chloro-
fluorocarbons. See carbon dioxide,
chlorofl uorocarbons, longwave radia-
tion. methane. nitrous oxide.
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